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Abstract

BACKGROUND AND AIM: Research has focused on relating ABO blood group systems and different systemic disorders
in recent years. Studies showing relation between dental disorders and ABO blood groups, to date, are limited. The
current study was undertaken to explore whether blood group affects dental diseases, especially dental caries.

METHODS: 346 patients who attended the Dental Clinic and Research Center, Patanjali Ayurved Hospital, Haridwar, India,
were randomly selected for the study. Patients who showed their blood group test performed in a registered pathological
laboratory or in our pathobiology laboratory were included in the study. Dental caries were recorded based on the
Decayed, Missing, and Filled Teeth (DMFT) index issued by the World Health Organization (WHO).

RESULTS: The prevalence of caries among the adults and older people was within 100% both in Yerevan and its regions.
The most common dental disorder was dental caries among all blood groups. Dental caries were more prevalent in
blood group B, followed by O, A, and AB. No significant correlation was found between the DMFT index score and
blood groups.

CONCLUSION: Further studies are required on a larger population to conclude any correlation between the ABO blood
group phenotypes and dental disorders.
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ral diseases pose a major public
O\\ealth burden worldwide.! Dental
caries are one of the most prevalent

oral diseases which occur due to
demineralization of enamel.2 Likewise,

disease progression implying tooth loss.*
Food consistency and muscle strength affect
occlusal  attrition  (OA), while the
interproximal attrition results from the
adjacent teeth differential movement.>¢ The

periodontitis is the main cause of tooth loss,
which occurs due to inflammatory disruption
of periodontal tissues.3  Additionally,
periodontium is also damaged due to the
persistent movement of the mobile tooth in
oral function, which further accelerates the

amount of attrition varies with age, gender,
and type of tooth and depends on the tooth's
position in size and morphology in the jaw.78
Abrasion is a pathological process that occurs
due to abrasive substances on the tooth
surface or any item found continually on the
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teeth or between them.910

The ABO system was first discovered by
Landsteiner and Weiner!! and had 4 different
blood types: O, A, B, and AB. Blood group O
erythrocytes do not possess any antigen, but
O-serum possesses antibodies to A and B
antigens. Erythrocytes of blood groups A and
B bear the A and B antigens respectively and
make antibodies to the other groups. Type
AB erythrocytes have both A and B antigens
and do not make antibodies.1?13 Interestingly,
numerous researchers have reported that the
blood group variation occurs in different
areas and races.!415

For years, scientists have been engrossed in
finding the relationship between blood type
and well-being. Recent research has provided
major advances, indicating a strong
relationship between different blood types
and diseases varying from infertility to
diabetes mellitus (DM). A correlation has been
observed between the blood group type and
various diseases like dental caries, salivary
gland tumors, chickenpox, malaria, oral
carcinoma, hematological cancer, cardiac
diseases, and cholera. Individuals gallstones,
colitis, and tumors of the pancreas as well as
ovary, coronary artery disease (CAD), DM.16-27

A limited amount of work has been
reported in the field of dental research except
for few reports on periodontal diseases,21628-32
dental caries, and salivary gland tumors.
Therefore, the present study was carried
out with the aim to find any relation between
the ABO blood group phenotypes and
dental disorders.

Methods
Ethical approval and consent: Approval for the
study was obtained from the Institutional
Ethics Committee, Haridwar, India. Data
were collected from the patients who visited
the Dental Clinic and Research Centre,
Patanjali Ayurved Hospital, Haridwar. The
patients were also informed about the
method and purpose of the study and
consent was obtained from them. They were
instructed to submit their blood group record

from certified laboratories.

Inclusion criteria: The study subjects with at
least 20 teeth were included. Patients aged
between 20 to 60 years, both males and
females, participated in the study. Patients
who submitted their blood group certificate
were selected for the study.

Exclusion criteria: Individuals who refused
to give consent for the study, those with
uncooperative  behavior, and pregnant
woman were excluded from the study.

Data collection: A total of 346 patients
suffering from oral disorders were included
in the study. Oral examination was carried
out, and the interview was conducted on
behavior and socioeconomic background.
The data was collected using oral health
examination card, designed by the Dental
Research Centre, Haridwar, based on the
guidelines provided by the World Health
Organization (WHO). Oral health of the
patients was assessed while they were sitting
on a dental chair using a mouth mirror, a
standard WHO probe, and adequate
illumination (WHO, 1997). The DMFT index
was recorded according to the WHO
guidelines. Qualified dentists diagnosed oral
disorders of the subjects through visual
clinical examination.

The chi-square test was performed using
SPSS software (version 20, IBM Corporation,
Armonk, NY, USA). Descriptive statistics
were carried out to calculate the mean and
standard deviation (SD). The analysis of
variance (ANOVA) test was performed for
dental caries (DMFT score) to show its
relation with the ABO group.

Results

239 (69%) and 107 (31%) of the study
participants were respectively men and
women with a mean age of 38.00 + 13.74
years. Among the subjects, the most
prevalent blood group was B (39%), followed
by O (36%), A (17%), and AB (8%) (Figure 1).
Dental caries were the most common
dental disorder among the subjects (Figure 2
and Table 1).
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Dental disorders

Table 1. Distribution of different dental disorders among the blood groups
Blood group A | Blood group AB Blood group Blood group O

Dental caries 34 (57.63) 20 (68.97) 85 (63.91) 79 (63.20)
Missing teeth 23 (38.98) 10 (34.48) 56 (42.11) 40 (32.00)
Filled teeth 17 (28.81) 6 (20.69) 37 (27.82) 37 (29.60)
Mobile teeth 5 (8.47) 11 (37.93) 9 (6.77) 3 (10.40)
Impacted teeth 3 (5.08) 0 (0) 11 (8.27) 13 (5.60)
Cervical abrasion 8 (13.56) 3(10.34) 14 (10.53) 7 (18.40)
Attrition 1(1.69) 1 (3.45) 15 (11.28) 23 (16.00)
A =B Discussion
59 (17%) For a long time, dental caries have been the
AB =0 most prevalent disease in the history of

29 (8%)

Figure 1. Distribution of blood groups among
the subjects

Out of the 346 individuals, 336 had dental
caries decayed, missing, or filled components.
There was no statistically significant difference

among different blood groups in relation to
the DMFT score (Table 2).

Table 2. Dental caries [Decayed, Missing, and Filled
Teeth (DMFT) index] associated with blood groups

Blood group DMFT P (ANOVA)
Mean + SD

BloodgroupA 57 291+230 0.97 (NS)

Blood group AB 28  2.92+290

BloodgroupB 129 2.99+2.60

BloodgroupO 122  3.10+2.40

Total 336 3.01+2.80

P value < 0.05 was considered as statistically significant.
NS: Not Significant; DMFT: Decayed, Missing, and Filled
Teeth; ANOVA: Analysis of variance

m Blood group A
35 -

Mean value

= Blood group AB

dentistry. The major etiological factors for
dental caries are plaque, dietary factors, and
oral hygiene; however, the role of genetics,
e.g. blood groups, cannot be ruled out. The
ABO blood group has a major role in blood
transfusion process, organ transplantation
procedures, and in many gastric and
physiological =~ processes.’2®  Similarly, a
study34 elaborated the relation between the
ABO blood group and their propensity to
chronic disease. Later on, a number of
trials were performed to establish the
relationship of the ABO blood group with
various diseases; however, only a few of
them are related to dental diseases. Most of
these dental diseases are periodontal or
dental caries; interestingly, there is no
consistency in the reports on dental
disease.’2% This inconsistency of the results
was maybe due to the region or the
population to which they belong.293¢

In the present study, no significant
correlation was found between the ABO
blood group and dental caries, which is
similar to the findings of other studies.3437,38

Blood Group B Blood Group O

Dental caries Mobile Teeth

(DMF)

3 -
2.5
2 -
1.5
1 -
0.5 -
0 J L —n —

Impacted teeth  Cervical abrasion Attrition

Figure 2. Distribution of dental disorders among the blood groups
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Dental caries were more prevalent among
individuals with blood group B. Similarly, we
also observed that the AB group is more
prevalent than the other groups, followed by
B, A, and O in other dental diseases like
mobile teeth. In the case of impacted teeth,
the most prevalent group is O, followed by B
and A; however, in our study, none of the AB
group patients had impacted teeth.

In a study,? the DMFT score was more in
the A and B blood groups, followed by the
AB group, with the least score being in the
individuals with O blood type. However, in
our study, blood group B was the most
prevalent, followed by O, A, and AB blood
groups, which contradicts the result of the
above study. The association of blood group
phenotypes with dental caries (DMFT score)
can be elaborated by the secretion of blood
group substance in saliva, which may
aggregate  the  microorganisms, and
subsequently moving out them from the oral
cavity. It is suggested that the release of ABO
antigens into saliva may hamper microbes'
capability to bind with tooth surface as
lectins being ABO specific, which they use for
binding. In one of the studies, no association
between the DMFT scores and the ABO and
MN system was observed.?*#0 In contrast,
Roark and Leyschon*! observed a significant
association between the MN blood group and
dental caries. In another study, the lowest
and highest mean values of the DMFT index
were in blood groups B and AB as 3.9 and
4.9, respectively;® however, no difference
was observed between them (P = 0.09). These
results further strengthen our view that
though the ABO blood group was proven
crucial in correlation with various diseases, it
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Abstract

Astavarga is nature's most extravagant group of flowering plants found in Himalayan region. As the name Astavarga
indicates, it contains eight medicinal plants belonging to Zingiberaceae, Orchidaceae and Liliaceae family viz, Kakoli,
Kshirakakoli, Meda, Mahameda, Jeevak, Risbhaka, Riddhi and Vridddhi. As per Ayurveda this group of medicinal plants is
classified as Rasayana (Rejuvenation) and is important constituents of preparations like Chyawanprasha rasayan,
Ashtavarga churna, Brimhanigutika and Vajikaraghrita, etc. Astavarga plants are mostly used to treat sexual disorders,
physical weakness, body pain, strengthen the immune system and as an overall tonic. The plants under this group have
been the subject of limited biochemical phytochemical and biological activities investigations. Taking into consideration
the therapeutic significance of Astavarga plants as described in the ancient Ayurvedic system of medicine, the detailed
phytochemical and pharmacological studies appear imperative to scientifically validate the ancient claims. Thus, the
present review article provides detailed information on the Ayurvedic uses, habit and habitats, botanical descriptions,
chemical constituents and biological activities reported for this important group of plants. The chemical structures of the
isolated compounds from these plants and their reported biological activities in the literature have also been included.
The information provided in the present review may stimulate the researchers to explore their phytochemical and
pharmacological properties which have not yet been attempted, comprehensively. It will generate the interest on

“reverse pharmacology” approach to validate the knowledge that has been known from ancient times.

Keywords: Astavarga; Ayurvedic Uses; Botanical Description; Phyto-Constituents; Biological Activities
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Introduction

Ayurveda is the eternal science of life [1]. It is
associated with the noble, excellent and great tradition of
Indian ancient Rishis (sages) and is a part of its
prosperous and glorious history. Starting from Lord
Brahma, various Rishis and Maharishis in the tradition of
Daksha, Asvini Kumars, Indra, Atreya, Punarvasuy,
Dhanvantri, Bharadwaja, Nimi, Kasyapa and other
humanists have enriched and protected the prosperous
tradition of Ayurveda. It still continues to flow well from
ancient times [2]. The Samhitas of Ayurveda are
conveyors of this eternal tradition. Lord Dhanvantri
described that Ayurveda is the science of life. It is the
Veda of life (beneficial, non-beneficial, happy and
unhappy factors of life). The main purpose of Ayurveda is
to protect the fitness of a healthy person and to mitigate
the disorders of a patient [3,4]. Around 80% of the
population of developing countries relies on traditional
medicines, mostly from plants, for their primary health
care needs. Modern pharmacopeia has around 25% plant
based drugs as well as synthetic analogues based on the
pharmacophore from the plants [5,6]. India holds the
highest proportion of medicinal plants known for their
medicinal value as compared to any country in the world
as the Indians have been using plants to cure diseases
since ancient times [7]. As the name Astavarga indicates,
this important group contains eight medicinal plants
belonging to Zingiberaceae, Orchidaceae and Liliaceae
family. In Ayurveda this group is reffered to as Rasayana
(Rejuvenation) as they display the properties of Jivaniya

Swasthya Vardhaka (Health promoting),
Rogapratirodhaka ksamata vardhaka (Immuno
modulator), Shukrajanan (Spermatogenic) [8-11].

The actual identification of these plants became
uncertain and illusory due to lack of doctumented
literature, sparse knowledge of natural habitat and
incorrect identification. Many of these plants have
become rare and endangered due to climatic changes also
some of them are usually growing in smaller niches and
are not visible over larger areas. This is the reason why
the Astavarga plants were passing through confusion and
anonymity regarding their proper identification. Recent
extensive surveys by Acharya Balkrishna have confirmed
that the Astavarga is constituted by: Habenaria
intermedia D. Don (Riddhi), Habenaria edgeworthii Hook.
f. ex Collett (Vriddhi), Crepidium acuminatum (D. Don)

Szlach [12]. (Jeevak), Malaxis muscifera Kuntze
(Rishbhak), Polygonatum cirrhifolium Royle
(Mahamedha), Polygonatum verticillatum  Allioni

(Medha), Roscoea purpurea Smith (Kakoli) and Lilium
polyphyllum D. Don (Kshirkakoli). Among them four
belong to the Orchidaceae (H. intermedia, H. edgeworthii,
C. acuminatum, M. muscifera), three to the Liliaceae (P.
cirrhifolium, P. verticillatum, L. polyphyllum) and one (R.
purpurea) to Zingiberaceae family (Table 1). In
continuation of our interest in investigating and
reviewing some of the Ayurvedic plants, we have taken up
the phytochemical, botanical and biological paradigm of
Astavarga group to inculcate fresh interest in nurturing
and protecting them from extinction [13-21].

(Vitality promoter), Vayasthapana (Age-sustainer),
SN | Sanskrit Name Botanical Name Family Common Name
1 Kakoli Roscoea purpurea Smith | Zingiberaceae Roscoe’s hl.y’ roscoes purple lily, purple roscoea,
cinnamon stick, hardy ginger
2 | Kshirakakoli |Lilium polyphyllum D. Don Liliaceae White Himalayan lily, white lily, many leaved lily
Crepidium acuminatum . . .
3 Jeevak (D. Don) Szlach. Orchidaceae The gradually tapering malaxis
4 Rishbhak Malaxis ml;(SS;Iff ra (Lindl) Orchidaceae Adder mouth orchid, snake mouth orchid
5 Meda Polygongtum ve1?t1c1.llatum Liliaceae Whorled solomon’s seal
(Linn.) Allioni
6 Mahameda Polygonatum cirrhifolium Liliaceae King’s solomon’s S('eal, tendrlll .leaf solomon’s seal, coiling
(Wall.) Royle leaf solomon's seal, coiling leaf Polygonatum
7 Riddhi Habenaria intermedia D. Orchidaceae Intermediate Habenaria, white wild orchid, the in
Don between Habenaria, Raindeer orchid;
s Habenaria edgeworthii . , .
8 Vriddhi Hook f. ex Collett Orchidaceae Edgeworth’s habenaria

Table 1: Members of Astavarga.
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Discussion

All the Astavarga plants contain various phenolic
compounds such as catechin (1), gallic acid (2), p-
coumaric acid (3), ferulic acid (4), vanillic acid (5), 4-
hydroxybenzoic acid (6) phloridizin, caffeic acid,
chlorogenic acid, 3-hydroxycinnamic acid, ellagic acid,
rutin, and trans-cinnamic acid etc, having strong
antioxidant potential with ability to prevent DNA damage
from oxidative stress, thus are used for strengthening
vitality [22]. Astavarga plants are used to increase body
fat, restore fractures and cure fever, diabetese and
seminal weakness and build up immunity. Due to
immense therapeutic potential, these plants are used in
different forms, e.g. taila (oil), ghritam (medicated
clarified butter), churna (powder) and formulations,
including the popular health tonic chyavanprasha, in the
traditional medicinal system (TMS) [23-25]. The
identification and differentiation of Astavarga plants in
terms of botanical description and habitat, a large number
of views and publications have appeared [8,11,23,26-29].
Astavarga is also a subject of extensive biochemical
investigation but very little is known about
phytochemicals present in most of them. Taking the great
medicinal importance of Astavarga plants into
consideration,  bioactivity = guided phytochemical
investigations have not been properly attempted and it is
definitely the need of the hour to scientifically validate the
ancient claims. With this idea, here in the present review
article, we provide concise information on the Ayurvedic
uses, botanical aspects, chemical constituents and
biological activities observed for this traditionally
important group of plants.

Ayurvedic Uses of Integrated Astavarga Plants

e The pseudobulbs are sweet, aphrodisiac, and
haemostatic, antidiarrhoeal, styptic, antidysenteric,
febrifuge, cooling and tonic. It is useful in sterility,
vitiated conditions of pitta and vata, semen related
weakness, internal and external hemorrhages,
dysentery, fever, emaciation, burning sensation and
general debility [30-32].

e These medicinal plants are Jivaniya (vitality promoter)
and maintain the balance between three doshas of
Vatta, Pitta and Kapha. This increases the energy, body
strength, glow and other properties of the body [10].

e They are Bramhaniya (body mass promoters) and are
described within the Bemhaniyavarga. The Kakoli and
Ksir Kakoli from Astavarga plants fall in this category
[10].

e The Astavarga plants mitigate the disorder of the body
and specifically alleviate Tridosaja disorder in the body

Misra L, et al. Phytochemical, Botanical and Biological Paradigm of Astavarga Plants-
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to increase the Ayusya (longevity) and slow down the
process of aging [10].

e Mahamayurghrita processed with Jivaka and other
herbs, is useful in rasaraktadidhatugatvikara,
srotaradiindriyavikarasvarabhransa (Aphesia), asthma,
cough, facial paralysis, vaginal diseases, blood
disorders and semen related problems [33].

e The intake of powder prepared from Jivaka and other
herbs mixed with proper quantity of honey and crystal
sugar is useful in cough and cardiac diseases [33].

e Vacadi taila processed with Jivaka and other herbs used
as anuvasanavasti, is beneficial for gulma, distention,
vata associated disorders and urinary incontinence [3].

e Jivaniyagh Rita processed with Jivaka is useful for the
whole body vitiated with gout and vata associated
disorders [34].

e C(itrakadi taila processed with Jivaka and other herbs is
useful in vata associated disorders, sciatica, limping,
kyphosis, gout and urinary disorders [3].

e Mahapadma taila processed with Jivaka and other
herbs is useful in gout and fever [34].

e Jivaniya ghrita processed with Jivaka and other herbs,
can be effective in treating gout and other chronic vata
associated disorders [34].

e Asthapanavasti processed with Jivaka and other
medicinal herbs is useful in treating gulma,
metrorrhagia, anaemia, malaria [3].

e The intake of ghrita processed with Devadaru, Kakoli,
Jivaka and other medicinal herbs given in proper dose
is useful in child emaciation [3].

e Himavanaagada prepared with the powder of
Pancavalkala, Jivaka and other herbs, mixed with honey
to make a paste and external application of this paste
on snake bite reduces the toxicity. It also alleviates
other symptoms like oedema, erysipeles, boils, fever
and burning sensation [33].

Botanical Description and Ayurvedic Uses

A summary of the taxonomical details of Astavarga plants
have been included in Table 2 and their habitat in Table 3.
Their botanical descriptions have been given in Table 4.
Since some of the plants are no more available, their
substitutes, currently employed in the commerce, have
been covered in Table 5 [35-37]. The current status of
their availability is summarized in Table 6 [29,38,39]. The
chemical structures of some of the common compounds,
isolated from these plants and their biological activities
tested so far, have been depicted in Table 7. However,
these tested biological activities are associated with the
individual compounds and are not related to the
Astavarga plants directly.
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Kakoli ']((Sal;(‘;i Jeevak | Rishbhak Meda |Mahameda| Riddhi | Vriddhi
Kingdom| Plantae Plantae Plantae Plantae Plantae Plantae Plantae Plantae
Division Tracheophytdl'racheophytal'racheophyta Tracheophyta| Tracheophyta[[racheophytdlracheophytdlracheophyta
Class Liliopsida | Liliopsida | Liliopsida Liliopsida Liliopsida | Liliopsida | Liliopsida | Liliopsida
Order |Zingiberales| Liliales |Asparagales| Asparagales Liliales Liliales |Asparagales | Asparagales
Family [ingiberaceag Liliaceae |Orchidaceae| Orchidaceae | Liliaceae Liliaceae |Orchidaceae|Orchidaceae
Genus Roscoea Lilium Crepidium Malaxis | Polygonatum [Polygonatum| Habenaria | Habenaria
Species | purpurea |polyphyllum|acuminatum| muscifera | verticillatum |cirrhifolium| intermedia |edgeworthii
Author . (D. Don) : . L Hook.f. ex
name Smith D.Don Szlach. (Lindl.) Kunt |(Linn.) Allioni ((Wall.) Royle  D. Don Collett
Table 2: Taxonomic Position of Astavarga.
SN Name Habitat
Uttarakhand- Mussoorie- Jaberkhet, Mussorrie, Kyarphulli, Company Bagh, Deoban, Tehri-
Roscoea purpurea Nagtibba West of Dhanolti; Uttarkashi- Jamuna Valley, Kharshali, Har-ki-Dun, Chamoli-
1 SmI;th p Valley of flowers, Gobindghat, Khirsu, Pithoragarh-Tejam jankhola vally, Kalivalley, Sarju
Valley, Nainital- Nainital, Bhowali, Ramgarh, Fatehgarh, Above Malli Tal; Almora-Binsar,
Almora, Lorakhet, Ranikhet to Chaubatia.
Lilium polvphvllumD Himachal Pradesh-Hatto peak, Narkanda forests, Chail (Solan district), Sungari-Bahli on
2 p D};i y | Rampur Road. Jammu & Kashmir- Gulmarg, Liddar valley. Uttarakhand- Gangotri,
Rainthal, Amardhar, Kedarnath, Madmaheshwar.
Himachal Pradesh- Simla-Glen, Boileaugunj, Elysium Hill in forests way to Rani forest, way|
from Khajjar to Chamba, Chail, Hattoo, Narkanda. Uttarakhand- Dehradun- Camel back
3 Crepidium acuminatum road, Below Mussoorie bypass road, above barlowgunj, chakrata, jaunsar, Tehri (Magra);

(D. Don) Szlach.

Pauri-Pode khal, Chamoli- Nagnath, Ukhimath, Gopeshwar, Pithoragarh- Sarju Valley,
Berenag, Thal Kedar; Nainital, Bhowali, Ramagarh, Almora-Ranikhet, between Ranikhet-
Chaubatia.

Malaxis muscifera

Himachal Pradesh- Shimla (Mashobra, Fagu, Hatto forests) Rahala forest, Dhanchoo,
Sangla, Chamba. Jammu & Kashmir- Gulmarg, Datni, Leh. Uttarkhand-Pithoragarh- Tejum

4 (Lindl) Kunt Haya, Bakariudiyar, Ralam Valley, Palangarh, Ralam, Almora-Dwali, Dehradun chakrata,
’ Deoban Tehri-Masartal, Bokhills, Dhanolti, Way to Nagtibba; Chamoli- Vasukital, Bajmora,
Jumma area, Dunagiri.
Polygonatum Himachal Pradesh- Shimla, Narkanda, Hattoo, Churdhar, Janjelli, Sikari Tibba,
5 | verticillatum (Linn.) Kamarunagh. Jammu & Kashmir-Trikuta Hills, Udhampur, Doda area. Uttarakhand-
S 7| Ponwalikanta, Tali, Amardhar, Ganganani dhar, Rainthal, Kedarnath, Gangotri,
Allioni
Madmaheshwar.
Polygonatum Himachal Pradesh- Shimla, Matiana, Narkanda. Uttarakhand- Mussoorie, Chakrata,
6 | cirrhifolium (Wall.) | Gaurikund, Rambara, Harshal, Ganganani, Devban, Rainthal, Mandakini Ghati, Bhilangana
Royle Ghati, Ponwali, Kalimath.
Himanchal Pradesh- Koti (Shimla) Summer Hill, Indian Institute of Advance study, Kamang
Hill), Rwanda and Kamarunag (Karsog), Rewalsar hills (Mandi), Shimla (Fagu), Dalhousie
Habenaria intermedia (Chamba), Kinnaur. Jammu & Kashmir- Azmabad, Poonch, Pirpanjal Range. Uttarakhand-
7 Dehradun- Mussoorie (Jaberkhet), Camel back road, Company bagh, Bhatta Fall, Kampty

D. Don

fall; Tehri (Nagtibba) Suakholi, Chamoli- on way to kedarnath, jangal chatti, way to valley of
flowers, Gaurikund (Rambera); Utarrkashi Tons valley, Bhagirathi valley and way to

Dodital.
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Habenaria edgeworthi| Jaberkhet, Mussorrie, Kyarphulli, Company Bagh, Deoban, Tehri- Nagtibba West of Dhanolti

Himachal Pradesh- Summer Hills, Shimla, Mountains near Manali, Rahala Forest, Kothi,
Manali, Saraha, Nirmand- Annu, Rwanda, Kamarunag peak, Saptasar above Rawalsar
(Mandi), Chansel, Churdhar, Jangtoo, Chamba, Narkanda. Uttarakhand- Mussoorie-

Hook.f. ex Collett Uttarkashi- Jamuna Valley, Kharshali, Har-ki-Dun, Chamoli- Valley of fl owers, Gobindghat,
Khirsu, Pithoragarh- Tejam jankhola vally, Kalivalley, Sarju valley, Nainital- Nainital,
Bhowali, Ramgarh, Fatehgarh, above Malli Tal; Almora- Binsar, Almora, Lorakhet, Ranikhet
to Chaubatia.

Table 3: Specific Habitat of Astavarga plants.

SN

NameTaxonomic features

Roscoea purpurea Smith: Vegetative Characters: 35-50 cm tall, perennial, herb. Rhizome slightly blackish in
colour. Root fibres thick, fleshy, fascicled, slightly light brown in colour. Stem purple coloured, leafy, elongate,
erect and robust. Leaves 5-6, lanceolate, 15 cm long, 1.2-2.5 cm wide, at flowering time sheath broad, imbricated
leaf-sheath green or purple-red with spots. Flowers few, orchid like in a sessile spike. Bracts oblong, hidden in
the sheaths of the upper leaves. Calyx green, 3.8 cm long, slit deeply down one side as the flower expands.
Corolla tube not longer than the calyx, dilated upwards, limb purple rarely pale lilac or white, upper segments
about 2.5 cm long, obovate-cuneate while lower lanceolate, decurved, lip broad deeply bifid. Staminode
oblanceolate, unguiculate, half as long as the upper segment. Fertile stamen as long as the staminode. Anther
tails 0.4 cm long. Capsule cylindrical, 2.5-3.8 cm long. Seeds ovoid, minute, arillate. Flowering June-July. Fruiting
August-September [40] .

Lilium polyphyllum D. Don: A narrow bulbous herb with fleshy scales long narrow, subequal. Stem 60-120 cm
erect, slender. Leaves alternate, lower whorled, lanceolate to linear-lanceolate, 5-13 c¢cm long and 0.5-1.5 cm
wide, acute, margin hairy. Raceme 4-10 flowered. Bracts whorled. Flowers pendulous, fragrant. Pedicel 4-10 cm
long, slightly drooping. Tepals dull yellow or greenish outside, white within with purple streaks, 3-4 cm long,
oblanceolate. Stamens exserted. Anthers 1.3 c¢cm long. Style very declinate. Fruit capsule. Flowering/fruiting
August-Lilium polyphyllum D. Don: A narrow bulbous herb with fleshy scales long narrow, subequal. Stem 60-
120 cm erect, slender. Leaves alternate, lower whorled, lanceolate to linear-lanceolate, 5-13 cm long and 0.5-1.5
cm wide, acute, margin hairy. Raceme 4-10 flowered. Bracts whorled. Flowers pendulous, fragrant. Pedicel 4-10
cm long, slightly drooping. Tepals dull yellow or greenish outside, white within with purple streaks, 3-4 cm long,
oblanceolate. Stamens exserted. Anthers 1.3 cm long. Style very declinate. Fruit capsule.

Flowering/fruitingAugust-November[40].

Crepidium acuminatum (D. Don) Szlach: Terrestrial, sometimes epiphytic orchid. Stem cylindric, 1.5-7 cm
long, 4-6 mm in diameter, fleshy with several nodes, mostly enclosed in sheath. Leaves 3-5, obliquely ovate,
ovate-oblong or sub-elliptical, 4-12 x 2.5-6 cm long and wide, base contracted into a sheath-like, amplexicaul 2-4
cm long petiole, apex acuminate. Peduncle 12-43 cm, wingless. Rachis erect, 3-16 cm long, 10 or more flowered.
Floral bracts lanceolate, 3-6 mm long. Flowers purple red, 1.5 cm in diameter. Pedicel and ovary 7-10 mm.
Dorsal sepal narrowly oblong or broadly linear, 8-9 x 2 mm size, 3-veined, margin revolute, apex obtuse. Lateral
sepals oblong, 6-7 x 3-3.5 mm size, margin revolute, apex obtuse. Petals narrowly linear, 8-9 x 0.8 mm size,
margin revolute. Lip (labellum) superior, ovate-oblong or obovate-oblong in outline, 10-11 x 6-7 mm size,
shallowly bilobed. Auricles narrowly ovate, 1/5-2/5 length of lip. Column 1-1.5 mm, stout. Capsule obovoid-
oblong, 1.8 x 1 cm size. Fruiting pedicel 7 mm long. Flowering and fruiting May-July (111) [41].

Malaxis muscifera (Lindl.) Kunt: A terrestrial herb upto 40 cm tall. Pseudobulb small, ovoid. Stem flexuous.
Leaves 3-5, unequal, approximate blade of larger leaves 2-10 x 1-4 cm long and wide while blade of smaller 1.5-6
x 0.5-3 cm long and wide, elliptic to oblong or oblong- lanceolate, obtuse or acute or sub-acuminate. Sheathing
petiole 2-6 cm long. Inflorescence 2.5-25 cm long. Flowers yellowish-green. Bracts slightly shorter than
pedicelled ovary. Sepals subequal, 2-2.3 mm long, oblong-lanceolate. Dorsal sepal directed downwards, laterals
upwards. Petals linear, spreading. Labellum fleshy, broadly ovate, 2 mm long, basal portion excavated, obscurely
angled on either side of base, apex acuminate. Column very short, anthers sessile on its top. Pollinia ovoid and
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free. Pedicelled ovary up to 3 mm long, pedicel twisted. Fruit capsule, 6-8 mm long, broadly ovoid-oblong, ribbed
and of light yellow colour. Flowering- fruiting August- November [40].

Polygonatum verticillatum (Linn.) Allioni: Rhizome usually shortly branched, tuberous terete, very rarely
moniliform, 0.7-1.5 cm thick. Stem erect, 20-80 cm long, glabrous. Leaves in whorls of 3, occasionally alternate
near base of stem, sometimes opposite near apex of stem, subsessile, oblong-lanceolate to linear, 6-10 x 0.5-3 cm
long and wide, apex acute to acuminate, not cirrose. Inflorescences 1-4 flowered. Flowers pendulous. Peduncle
5 | 1-2 cm long. Bracts small or absent. Pedicel 3-10 mm long. Perianth pale purple or white or pale yellow, but
probably only when dry, cylindric, 0.8-1.2 cm long. Tepals connate into a tube, 2-3 mm long. Stamens 6, with
bare stamens, epipetalous. Filaments 0.5-2 mm long, papillose. Anthers 2.5 mm long. Ovary 3 mm. Style 2.5-3
mm long. Berries red, 6-9 mm in diameter, 6-12 seeded. Flowering May-June and fruiting August-October
[40,41].

Polygonatum cirrhifolium (Wall.) Royle: Rhizome moniliform or tuberous, terete, 1-2 cm thick. Stem erect or
scandent, 30-90 cm long, glabrous. Leaves in whorls of 3-6, rarely a few alternate in proximal part of stem,
sessile, narrowly linear to linear-lanceolate, very rarely oblong-lanceolate, margin entire, 4-12 cm x 2-15 mm
long and wide, tip usually cirrose at anthesis. Inflorescences usually 2-flowered. Flowers pendulous. Peduncle
0.3-1 cm long. Bracts 1-2 mm, scarious, veinless or bract absent. Pedicel 3-8 mm. Perianth white, greenish or
pale purple, subcylindric, slightly constricted in middle, 8-11 mm long. Tepals 2 mm long. Filaments 0.6-0.8 x
0.15 mm size, papillose. Anthers 2-2.5 mm. Ovary 2.5 mm. Style 2 mm. Berries red or purple-red, 8-9 mm in
diameter, 4-9-seeded. Flowering May-July and fruiting September-October [40,41].

Habenaria intermedia D. Don: Plants turning black when dried, 23-30 cm tall. Tubers ellipsoid, 1.5-3 x 1-2 cm
size, fleshy. Stem erect, terete, stout. Leaves 3-5, laxly arranged. Leaf blade ovate-lanceolate, 3.5-8 x 2-4 cm long
and wide, base amplexicaul, apex acute. Raceme 1-4-flowered, 6-15 cm long. Flowers large, green and white.
Floral bracts ovate, 4-5 cm long, nearly as long as ovary, apex acuminate. Ovary twisted, terete, including pedicel
3.8-4.5 cm long. Flowers white or greenish. Sepals ciliate, green. Dorsal sepal erect, ovate-oblong, concave, 2.2 x
1.2 cm size, 7-veined, apex acute. Lateral sepals reflexed, obliquely falcate-lanceolate, 3 x 0.6 cm size, 7-veined,
apex acute. Petals white, forming a hood with dorsal sepal, erect, white, obliquely subovate-falcate, 2.2 x 0.8 cm
size, 5-veined, margin ciliate, unlobed, apex acute. Lip pale or yellowish-green, 2.8-3 cm size, base spurred,
deeply 3-lobed above base, lobes ciliate. Lateral lobes linear, outer margin with 10 filiform lobules. Mid-lobe
linear, 18-20 mm long, slightly shorter than lateral lobes, apex acute. Spur pendulous, cylindric, 7-8.5 cm long,
much longer than ovary, slightly dilated near end, apex obtuse. Connective 2 mm wide. Pollinia ovoid. Caudicles
linear. Viscidia orbicular, small. Rostellum with elongate arms. Stigmas clavate. Flowering July[40,41].

Habenaria edgeworthii Hook.f. ex Collett: A terrestrial, leafy herb with unidivided, oblong tubers and fleshy
root fibres. Stem with the raceme 30-47 cm long, leafy from about 5 cm upwards, internodes ensheathed by leaf
bases. Leaves erect, 4-9 x 0.8-1.2 cm, lanceolate, setaceously acuminate, acute, indistinctly 5-7 veined, bases
sheathing. Flowers 1.5 cm broad when spread out, in elongated terminal racemes. Peduncles as long as the
racemes with about two leafy, sterile, acuminate bracts. Floral bracts leafy, 2.4 x 1.1 cm long and wide, broadly
lanceolate-ovate, acuminate, acute, initially 3-5-veined but soon branching to give a 9-veined appearance. Dorsal
sepal 6 x 4 mm size, oblong-ovate, obtuse, 3-veined, lateral veins branching. Lateral sepals 7 x 4 mm size, broadly
and obliquely ovate, obtuse, 3-veined, the lateral veins branching giving a 5-7-veined appearance. Petals 7 x 2
mm size, yellowish-green, bilobed, lobes variable in length and breadth. Upper lobe lanceolate, about half as long
as the lower linear lobe, incurved, 2-veined. Lip 5 x 2 mm, purple, inserted at the base of the column, broadly 3-
lobed, fleshy, lobes variable in length, obtuse. Spur 1.7 cm long, narrowly clavate, mouth provided with a ligule.
Column 3.4 mm high, 3 mm broad, with a small, triangular rostellum and two viscid, sausage-shaped stigmas.
Anthers lateral, adnate to the column, 2-loculed. Pollinia 2, granular, golf club-shaped, stalked, 1.3-1.6 x 0.6 mm
size, each with a long slender caudicle 2.2-2.4 mm long, attached to a minute gland. Staminodes short and fleshy,
arising from the sides of the column and protruding above as granular masses. Ovary with pedicel 2 cm long
[40].

Table 4: Botanical features of Astavarga plants.

Misra L, et al. Phytochemical, Botanical and Biological Paradigm of Astavarga Plants- Copyright© Misra L, et al.
The Ayurvedic Rejuvenators. ] Nat Ayurvedic Med 2018, 2(6): 000145.



Journal of Natural & Ayurvedic Medicine

SN Name Substitute Reference

1 Roscoea purpurea Smith Aswagandha (Withania somnlfgra} (L.) Dunal) and Kali musali (Curculigo [35-37]

orchioides Gaertn)

2 Lilium polyphyllum D. | Aswagandha (Withania somnifera (L.) Dunal), Safed musali (Chlorophytum 35,36]

Don arundinaceum Baker), Fritillaria roylei Hook. Fritillaria oxypetala D. Don. ’
Crepidium acuminatum Vidarikand (Pueraria tuberose (Wild.) DC), Safed behmen (Centaurea behen
3 p[D Don) Szlach Linn.) and Guduchi (Tinospora cordifolia (Willd.) Miers, Malaxis [35,36]
) ' cylindrostachya (Lindl.) Kuntze and Malaxis mackinnoni (Duthie) Ames)

4 Malaxis muscifera Vidarikand (Pueraria tuberose (Willd.) DC.) and Lal behmen (Centaurium 35,36]
(Lindl.) Kunt roxburghii (D. Don) Druce ’
Polygonatum . . . . .

5 | verticillatum (Linn.) Satavari (Asparagus racemosus Willd.), Salam mishri (Eulophia campestris 35,36]

C Wall.)
Allioni
Polygonatum Satavari (Asparagus racemosus Willd.), Nagbala (Sida veronicifolia Lam.),
6 cirrhifolium (Wall.) | Shakakul mishri (Polygonatum multiflorum (L.) All.) and Prasarani (Paederia | [35,36]
Royle foetida L.).
Habenaria intermedia D] Varahikand, Bala (Sida cordifolia L.) and Chiriya musali (Asparagus filicinus
7 [35,36]
Don Buch-Ham. ex D. Don)
8 Habenaria edgeworthii |Varahikand (Tacca integrifolia Ker Gawl.), Salam panja (Dactylorhiza hatagirea 35,36]
Hook.f. ex Collett (D. Don) Soo) and Mahabala (Sidaacuta Burm.f.). Habenaria griffithii Hook.f. ’
Table 5: Substitutes of Astavarga Plants in commerce.
SN Name Status Reference

1 Roscoea purpurea Smith Commonly available [29,38]

2 Lilium polyphyllum D. Don Endangered [39]

3 Crepidium acuminatum (D.Don) Szlach. Rare [39]

4 Malaxis muscifera (Lindl.) Kunt Rare, Threatened [39]

5 Polygonatum verticillatum (Linn.) Allioni Threatened [39]

6 Polygonatum cirrhifolium (Wall.) Royle Rare [39]

Habenaria intermedia D. Don Commonly available [39]

8 Habenaria edgeworthii Hook.f. ex Collett Rare [39]

Table 6: Current Status of Astavarga Plants.
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antifungal, wound healing, anthelmintic, anxiolytic,

Name Chemical Structure Biological activities
Catechin (1) Neuroprotection,anticancer, antioxidant,antiobesity,
"o O antidiabetic,cardioprotection, antiangiogenic [42-48]
OH
H
H
Antidepressant, antiparkinson, antidiabetic,
. . antimalarial, diuretic, cardioprotective, antiviral,
Gallic acid (2) p
HO OH

anticancer [49-61]

p-Coumaric acid

(3)

OH
O OH
O
(0]
(@) o
OoH
o oH
é/
oH

Antioxidant, anti-inflammatory, anxiolytic,
antimicrobial, antidiabetic and antihyperlipidemic,
anticancer [62-71]

Ferulic acid (4)

0
N "OH
HO

Antioxidant, antiallergic, hepatoprotective,
anticarcinogenic, anti-inflammatory, antimicrobial,
antiviral, vasodilatory effect, antithrombotic, and
helps to increase the viability of sperms antidiabetic
and anti-ageing agent, anticancer, improve the
structure and function of the heart, blood vessels,

OCH, liver, and kidneys in hypertensive rats, B-secretase
modulator [72-85].
o OH
Vanillic acid (5) E'E‘\ ocH Cognitive improvement, ulcerative colitis [86,87].
3
OH
[ OH
Hydroxy benzoic 5 o .
acid (6) g Antimicrobial [88]
7/ 0 N Cognition-enhancing properties, anti-inflammatory,
Scopoletin (7) antiproliferative agent, inhibitor of nitric oxide
P Ho 0 Yo synthase, prostaglandin synthase and monoamine
oxidase, antioxidant and radical scavenger [89-97]
NH-
Mescaline (8) /ES\ Hallucinogenic [98]
o o
/O I

Cetyl alcohol (9)

CC

Antimicrobial, emollient [99-100]
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Limonene (10)

=

Anticancer, dissolve gall stones, heartburn and
gastroesophageal re-flux disorder (gerd) [101-106]

Eugenol (11)

_O

HO

DA/

Antioxidant activity, anti-inflammatory, antibacterial
and antiviral [107-109]

Citronellal (12)

Relaxant effect in smooth muscle of trachea [110]

1, 8- Cineole (13)

il

Mucolytic and spasmolytic action on the respiratory
tract benefits in inflammatory airway diseases, such
as asthma and chronic obstructive pulmonary disease
(COPD), antiseptic anthelmintic, anti-inflammatory,
antimicrobial [111-116]

Piperitone (14)

Antimicrobial [117-118]

p-Cymene (15)

Antioxidant, antinociceptive & anti-inflammatory, ant
cancer [119-127]

Diosgenin (16)

Antidiabetic, antiobesity, anti-inflammatory,
anticancer [128-130]

B- Sitosterol (17)

Anti-inflammatory, inducing apoptosis,
chemoprotective, hypocholesterolemic, angiogenic,
analgesic, anthelminthic and anti-mutagenic,
immunomodulatory, anticancer, antidiabetic [131-
146]

5-hydroxymethyl
furfural (18)

Inhibit sickling of red blood cells, relieve fatigue,
improvement in learning and memory, antioxidative,
anti-apoptotic activity anticarcinogenic action,
antimicrobial, anti-hypoxic effect anti-inflammatory
[147-164]
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Santonin (19)

Anthelmintic [165-166]

a- Bulnesene (20)

Inhibit platelet-activating factor, anti-inflammatory
[167-168]

Quinine (21)

HO =

Antimalaria [169]

Kaempferol (22)

Antioxidant & antimicrobial [170-171]

Protocatechuic
acid (23)

OH
OH

Anticancer, antidiabetic, anti-inflammatory,
antioxidant & anti aging, cardioprotective,
antimicrobial, antifibrotic activity, antihepatitic
activity, neuroprotective, antihyperlipidemia,
protection against reproductive toxicity [172-186]

Syringic acid (24)

Reduce diabetic cataract by inhibiting aldose
reductase antioxidant, antiproliferative,
antiendotoxic, antimicrobial, anti-inflammatory, and
anticancer, anti-angiogenic, anti-glycating, anti-
hyperglycaemic, neuroprotective, and memory-
enhancing properties [187-189]

Peiminine (25)

Anticancer anti-allergic & anti inflammatory [190-
192]

Table 7: Chemical structure and biological activities of some of the compounds from Astavarga plants.

Riddhi (Habenaria edgeworthii syn. Platanthera
edgeworthii (Hook.f. ex Collett) RK.Gupta: It belongs to
the Family Orchidaceae. The botanical descriptions and

habitat has been described in Tables 2 & 3. It is useful as
nerve and cardiac tonic, blood related infections, fever,
cough, asthma, muscular pain, sprains, arthritis, gout,
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sciatica, leprosy, skin diseases, anorexia, emaciation, gout,
helminthiasis, insanity, general debility and increase in
sperm count [12,193].

Vriddhi (Habenaria intermedia D.Don syn. Habenaria
arietina H.f.): It belongs to the Family Orchidaceae. The
botanical descriptions and habitat has been described in
Tables 2 & 3. It is useful as aphrodisiac, depurative,
anthelmintic, nerve and cardiac tonic. It is also useful in
treating respiratory and skin diseases. Habenaria
intermedia is a significant constituent of a well
acknowledged polyherbal formulation, Chyavanprasha
[194,195].

Meda (Polygonatum verticillatum (L.) All syn.
Convallaria verticillata L syn. Evallaria verticillata
Necker): It belongs to the Family Liliaceae. The botanical
descriptions and habitat has been described in Tables 2 &
3. It is useful as antipyretic, antimalarial, potential
aphrodisiac, appetizer, galactagogue, antifungal and skin
tonic [196-199].

Mahameda (Polygonatum cirrhifolium Wall Royle): It
belongs to the Family Liliaceae. The botanical
descriptions and habitat has been described in Tables 2 &
3. It is useful in the treatment of loss of vigor,
accumulation of fluids in bone joints, skin diseases,
tuberculosis, fever, bronchitis and general debility. It is
also reported to have hypoglycemic, hypotensive,
antibacterial and antifungal effects [200,201].

Jeevaka (Malaxis acuminta D. Don syn. Microstylis
wallichii Lindl syn. Malaxis wallichii Deb): It belongs to
the Family Orchidaceae. The botanical descriptions and
habitat has been described in Tables 2 & 3. It is useful as
therapeutics in bleeding diathesis, burning sensation,
fever, phthisis, tonic, tuberculosis and increasing sperm
count [201].

Rishbhaka (Microstylis Muscifera Ridley): It belongs to
the Family Orchidaceae. The botanical descriptions and
habitat has been described in Tables 2 & 3. It is useful for
treatment of burning sensation, fever, phthisis,
tuberculosis and increasing sperm count.

Kakoli (Roscoea procera Wall. formerly Roscoea
purpurea or Fritillaria roylei Hook f.) Family: It
belongs to the Family Zingiberaceae. The botanical
descriptions and habitat has been described in Tables 2 &
3. It is useful as anti-rheumatic, antipyretic, galactagogue,
expectorant, sexual stimulant, anti diabetic, anti
hypertensive and diureticc The fleshy roots are
conventionally used to treat malaria and urinary infection
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[202-204]. Additionally, the ethanolic rhizome extract has
immune-stimulatory potential in mice [205].

Kshirakakoli (Lilium polyphyllum D.Don): It belongs
to the Family Liliaceae. The botanical descriptions and
habitat has been described in Tables 2 & 3. It is useful as
refrigerant, galactogogue, expectorant, aphrodisiac,
diuretic and antipyretic. It is also used in cases of seminal
weakness, hyperdipsia, intermittent fever, haematemesis,
rheumatalgia and general disability [206].

Chemical and Biological activities

Habenaria Species

Both of the Habenaria species are of great therapeutic
value in curing asthma, cough, facial paralysis, vaginal
diseases and semen related disorders along with their
application in rejuvenation [11]. These plants are the
important ingredients of “Chyavanprasha’ and are well
acknowledged for having anti-ageing properties, helpful
in providing protection against degenerative diseases
[207].

Habenaria intermedia

The phytochemical studies on H. intermedia has
substantiated that it is effective source of total phenols,
thiamine, tannins, and calcium. Antioxidant activity of
polyherbal formulation containing tubers of H. intermedia
was examined for nitric oxide scavenging activity [208].
Also the content of hydroxybenzoic acid was almost
double to that of some of the other species [209].
Presence of various phenolic compounds, such as catechin
(1), gallic acid (2), p-coumaric acid (3), hydroxybenzoic
acid (6), and scopoletin (7) supports them as the
promising source of antioxidants [210-213]. In various
fractions of H. intermedia, adaptogenic activity was also
studied using immobilization induced acute stress (AS),
chronic stress (CS) and swimming induced stress in
experimental animals, which proved it as anti-stress
agent [210].

Gallic acid (2) is a well known starting material for the
synthesis of the psychedelic alkaloid mescaline (8) and
has shown antioxidant and cytotoxic activities. Scopoletin
(7) is a naturally occurring coumarin found in various
medicinal plants with wide range of biological activities.
Recent studies demonstrated that scopoletin (7) has
anticonvulsant, antioxidant, antimicrobial, hypotensive,
anticancer activities and prevents lipid peroxidation [214-
223]. It also possesses antidepressant-like effect which is
dependent on the serotonergic, noradrenergic and
dopaminergic systems [224].
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Habenaria egdeworthii

Very little information is available on the scientific
work done on H. egdeworthii. However, it has been found
to be a rich source of sodium and possesses antioxidant
activity [208].

Malaxis Species

The plant species is used for the cure of tuberculosis
and is a great aphrodisiac [225]. It is also known as
febrifuge, tonic and useful in the conditions of sterility,
seminal weakness, hemorrhages, dysentery, emaciation,
burning sensation as well as general debility [12].
However, the investigation of its phyto-constituents is
inadequate.

Malaxis acuminata

Bhatnagar, et al. reported [-sitosterol (17), cetyl
alcohol (9), choline and two sugars namely glucose and
rhamnose from Malaxis acuminate [226]. The thin layer
chromatographic studies revealed the presence of
constituents like limonene (10), eugenol (11), citronellal
(12), 1,8-cineole (13), piperitone (14) and p-cymene (15)
[227]. Atomic absorption spectroscopy indicated the
presence of Cu, Zn, Mn, Fe, K, Ca, Mg, Al, Ba, B, Mo and Cl
The fatty acid analysis using GC-MS revealed the
identification of common fatty acids including, linoleic
acid, a-linolenic acid, oleic acid, palmitic acid, stearic acid,
y-linolenic acid, eicosanoic acid, eicosenoic acid and
eicosadienoic acid [228]. The antioxidant activity in
butanol extract of M. acuminata was observed using
various available methods like, DPPH free radical
scavenging activity, and hydrogen peroxide scavenging
method [229].

Malaxis muscifera

(Syn. Dienia muscifera, Microstylis muscifera) is listed
as a threatened species in IUCN Red List due to
uncontrolled grazing unsustainable collection and
unregulated trade [230]. There is an urgent need for
developing sustainable cultivation, in situ and ex situ
policies which can help to maintain the population.

Polygonatum Species

It is documented in "Abhinav niguntu" that “Meda”
grows from the same place from where “Mahameda”
originates, suggesting that both P. verticillatum and P.
cirrhifolium grows together. The term “Meda” represents
the mucilage present inside the rhizomes of these plant
species [231]. Both species are perennial rhizomatous
herbs with their habitation in the extensive range from
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Europe to the Himalayas to Siberia. They are used for
treating pain, pyrexia, burning sensation, phthisis,
appetizer, increase milk secretion, for gastric problems,
improving sexual potency and improve general weakness
[200,232].

Polygonatum verticillatum

[t contains phyto-constituents such as lysine, serine,
aspartic acid, threonine, diosgenin (16), (3-sitosterol (17),
sucrose, along with the micronutrients and
macronutrients [12]. It is also rich in saponins, alkaloids,
glycosides, flavonoids and phytohormones. Few
compounds have been isolated from the rhizomes of P.
verticillatum which include lectins,
5-hydroxymethyl-2-furaldehyde (18) diosgenin, santonin
(19), PB-sitosterol (17), 2-hydroxybenzoic acid, a-
bulnesene (20) and quinine (21) [199,233-237].

The rhizome extract of P. verticillatum is used as tonic
and energizer. It has also been studied for antimalarial
and antioxidant, metal accumulating, insecticidal,

antibacterial, antipyretic, tracheorelaxant and anti-
inflammatory,  antispasmodic = and  antidiarrheal,
antinociceptive, aphrodisiac [199,235,238-242].

Lipoxygenase, urease inhibition, anti tyrosinase activity of
the aerial parts of the P. verticillatum was also observed
which were attributed to the presence of saponins,
alkaloids, flavonoids, phenols, tannins and terpenoids in
considerable amount [243-245].

Polygonatum cirrhifolium

It is reported to be used as a tonic in major Ayurvedic
formulations like Asoka Ghrita, Sivagutika, Amrtaprasa
Ghrita, Dasam, Ularista, Dhanvantara Taila, Brhatmasa
Taila, Mahanarayana Taila and Vasacandanadi Taila [231].
A root infusion with milk is used as an aphrodisiac and
blood purifier [200]. P. cirrhifolium is reported to have
hypoglycemic, hypotensive, antibacterial, antifungal and
antioxidant activities [22,201]. Its rhizomes are rich in
starch, protein, pectin and asparagine [246].

Roscoea procera

Tubers of Kakoli are found to contain alkaloid,
glycoside, flavonoid, tannin, saponins and active phenolic
compounds and are reported to exhibit immuno-
modulatory and anti-diabetic activities [205,247].
Quantification of metabolites suggested that the tubers
are nutritionally rich having appreciable content of fiber
(28.1%), protein (3.46%) and oil (3.5%). Quantification of
secondary metabolites through HPTLC reveals that
kaempferol (22) (0.30%) was the major metabolite
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followed by vanillic acid (0.27%), protocatechuic acid
(23) (0.14%), syringic acid (24) (0.08%) and ferulic acid
(0.05%). In addition to this, there exists a positive,
significant correlation between the phenolic and
flavonoids content with the anti-oxidant activity of
Roscoea extract [204]. HPTLC results of kakoli (ethanol
and chloroform extracts) revealed the presence of
alkaloids, glycosides and flavonoids [248]. Propeimin,
peimine, peiminine (25), peimisine, kashmirine and
sipeimine have also been reported [194,249-253].

Lilium Polyphyllum

Its bulbs have been used for diuretic, antipyretic, tonic
in seminal weakness, in asthma, bronchitis and
tuberculosis [8,254-257]. Phytoconstituents like alkaloids
(peimine, peiminine, peimisine, peimiphine, peimidine
and peimitidine), neutral constituents (propeimin, sterol)
are reported to be present in Kshirkakoli [251]. Its HPTLC
finger printing (ethyl acetate and chloroform extract)
indicated the presence of saponins and steroids [248].

Conclusion

Astavarga is an important group of medicinal plants
reported in old literature, however, the detailed
information on the medicinal use was restricted as it was
retained by the indigenous population and was
transferred to the next generations through words of
mouth [9,258,259]. As the scientific research conducted
on Astavarga is limited, the information provided in the
present review regarding the chemical constituents and
biological activities along with their botanical aspects and
Ayurvedic paradigm will be beneficial to the researchers
to explore novel phytochemical and medicinal properties
which were not investigated earlier. Further work on
chemistry and biology of alkaloids needs to be
strengthened to understand their active therapeutic roles
in the Ayurvedic preparations. Additionally, the emphasis
has been given to understand the Ayurvedic uses of these
medicinal plants and the present review will generate
fresh interest for their conservation and “reverse
pharmacology” approach to validate the information that
has been known for long time.
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The Chakras are energy hubs in the body which are important for physical, mental, and spiritual comfort. They are located on the spinal
cord where flow of energy is intensified due to congregation of energies from various neuronal centers. Every Chakra is also related to a specific
endocrine organ which is helpful in healing of a blocked energy center. Abundant literature is available on presence of Chakras but there is a little
understanding how the Chakras are developed during embryogenesis in the human body. The spine is one of the first things to develop in the
fetus and it is well known that the Chakra system is present in the spine, it make sense to study the Chakra system of fetus and see how it evolves
and effects the development of the child. Hence in the present article we aim to gather knowledge on how Chakras evolve within the mother’s

Introduction

The Chakra (Sanskrit: “wheel”) - a swirling wheel of energy
which provide vital force of life which are important for physical,
mental, and spiritual comfort. They are not made of nerves but
are powerful and subtle centers of energy. They are located
on the spinal cord where flow of energy is intensified due to
congregation of energies from various neuronal centers. Chakras
are an integral part of Yoga [1] and get activated through Yoga
practices particularly Pranayama (Controlled breathing) which
help in directing spinal cord energy upwards by producing spark
in motor and sensory nerves. The power of consciousness of
the brain is also controlled by this flow of energy. Therefore, by
achieving a command over the Chakra all glandular secretions and
mental function can be controlled [2]. Several research articles
supports the physiological effects of Yoga on central nervous
system [3-7], cardiovascular system [8-16], autonomic nervous
system [17-21] and respiratory system [22-25].

The earliest known mention of Chakras is found around 1700-
1100 BCE in the Brahma Upanishad, Yogatattva Upanishad and
Vedas [26]. These Vedic models were adapted in Tibetan Buddhism
as Vajrayana theory, and in the Tantric Shakti theory of Chakras

[27]. The number of Chakras varies in different traditions of Yoga.
0ld Buddhist literature mentioned four Chakras which later got
extended [28]. One hundred and twelve chakras were described
[29] while others gave importance to seven Chakras [30-31]. The
translation of two Indian texts, the Sat-Cakra-Nirupana, and the
Padaka-Pancaka, by Arthur Avlon, in a book entitled The Serpent
Power presented the idea of seven main Chakras in the West [32].
Vedas, the oldest scripture of world defined the eight chakras
‘Astachakra navadvaradevanampurayodhya’ Out of the eight, five
are situated on the spinal cord while the other three are related
to brain [33]. Every Chakra is also related to a specific endocrine
organ [34] which is helpful in healing of ablocked energy center.
Abundant literature is available on presence of Chakras but there
is a little understanding how the Chakras are developed during
embryogenesis in the human body. The spine is one of the first
things to develop in the fetus and it is well known that the Chakra
system is present in the spine, it make sense to study the Chakra
system of fetus and see how it evolves and effects the development
of the child. Hence in the present review article we try to gather
knowledge on how Chakras evolve within the womb (Figure 1)
Table 1.

Table 1: Anatomical Location, Associated Gland and Diseases Related to Blocked Chakras.

SN Chakra Location LT LS (e Diseases due to blocked Chakras GERE R CEITG
from concerned gland
1 Muladhara Base of spine | Mesoderm Excretory_ system, Uri- Urinary dlSEEIISES, kldney disorders, Adrenal
no-genital system genital disorders
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2 Svadhisthana Below the Mesoderm Reproductive system Infertility, tls.sue disease, genital Adrenal
navel disorders
3 Manipura Below the Endoderm Digestive system Digestive sy stem. dlsordf: rs, diabe- Pancreatic
chest tes, low immunity
f}f:t;rez{ Circulatory system,
4 Anahata (Thoracic Mesoderm respiratory system, Heart diseases, hypertension Thymus
Auto-immune system
vertebra)
. Thyroid and . Bronchial asthma, lung disorders, .
5 Visuddha para thyroid Endoderm Respiratory system thyroid, goiter Thyroid
. Center of the - - . .
6 Ajna forehead Ectoderm Nervous system Epilepsy, fainting, paralysis Pineal
7 Manas Below the Ectoderm Sensory and motor Psycho-soma.tlc and neurological Pituitary
thalamus system disorders
8 Sahasrara Top of the Ectoderm | Central nervous System Hormonal imbalances, metabolic Pituitary
skull syndromes
e N
Sahasrara Chakra
Manas Chakra
Ajna Chakr
Visud dhi Chakr.
Anahata Chakr
Manipara Chakra
P "_11'!,__
Svadhisthama Chalkra li
Muladhara Chakra
Figure 1: Position of Chakras in Human Body [54].
N J
Discussion Chakra system begins to develop during the first two months

During the initial stages of pregnancy, the embryo develops
three germ layers. The innermost layer is called the endoderm
which eventually forms digestive system, liver and lungs. The
middle layer or mesoderm is the source of sex organs, bones,
kidney and muscles. Ectoderm is the outer most layers, which
forms the nervous system, skin and eyes [35].

Physio. 2018; 6(4): 555694. DOI: 10.19080/JYP.2018.06.555694.

in the womb. The developing fetus at this stage is so attached with
the life force energy that the Chakras are united together under
one energy field i.e. at unanimity with the universe. As the embryo
develops into afetus (after 8 weeks of fertilization), nervous tissue
first develops as a flat sheet of cells called the neural plate. At an
early point, the side edges of the neural plate begin to fold toward
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each other, ultimately forming a tube that mature into brain and
spinal cord [36].

Thus the Sahasrara Chakra (Crown Chakra, the 8th Chakra)
is the first to become active [37]. Meditation is the best way for
the mother to support developing infant’s Crown Chakra. During
week 4, the forebrain, middle brain, hind brain, and the optical
stalk begin to develop [38]. The differentiation of midbrain from
forebrain would make the physical base of the Sahasrara Chakra
[1]. The brain hemispheres start to form at week 6, and the brain
waves begin. The hind brain develops during week 8, and controls
the heart rate, breathing, and muscle movement. The nervous
system is ready for functioning at 9" week and the brain develops
approximately 25 million neurons per minute. During 15" week
the spinal nerves emerge from the spinal cord and by week 19,
the brain is able to form motor neurons, which allow the body to
produce movement voluntarily. By the end of week 26, the brain’s
surface area increases due to folding.

After the formation of brain, motor and sensory neurons start
functioning. The development of the fetus brings it closer to the
material world even though they are engrossed in the spiritual
world of the womb. The body organs began to differentiate, blood
cells and hormones start forming and the fetus continues to grow.
Along with that the Chakras also began to segregate. The heart is
the first organ to be formed by day 22 or 23 after conception (week
five of pregnancy), the heart begins to beat and can be noticed in
vaginal ultrasound as a weak flicker. Initially heart is formed as a
tube which later becomes fully functional by the end of week eight
of embryonic development [39]. In four weeks after conception,
the neural tube along fetus back is closing and heart is pumping
blood. Embryo does not experience any kind of pain during first
three months of pregnancy. It starts experiences consciousness
after three weeks. It suggests that the soul (Atma) enters the body
at this time [33] during the formation of Anahata Chakra (Heart
Chakra, 4th Chakra). It lies at the center of the chest and includes
the heart, cardiac plexus, thymus gland, lungs, and breasts besides
ruling the lymphatic system.

Manas Chakra (7" Chakra) lies directly above Ajna Chakra
and mostly considered as a minor Chakra. It consists of six petals,
one for each of the five senses and one for sleep. These petals are
normally white but adopt the color of the senses when stimulated
by them, and turn black at the time of sleep. This Chakra is
responsible for sending sense perceptions to the higher Chakras.

The Third Eye Chakra (Ajna Chakra, 6% Chakra) becomes
active around 7 weeks after conception. It is a bridge that permits
mind communication between two people. According to the Hindu
belief the spiritual energy enters the body through this gateway
and sometimes called ‘seat of soul’ [40]. Ajna has two petals,
represent the pineal and pituitary glands, said to represent the
psychic channels (nadis) Ida and Pingala, which meet the central
Sushumna nadi before rising to the Crown Chakra. Pineal gland,
which regulates the circadian rhythm, is light-sensitive gland that
is why it is called the ‘third eye’. It is also sometimes linked with
the pituitary gland, the chief endocrine gland. This gland produces
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a melatonin and a powerful psychedelic chemical called DMT (N,N
dimethyltryptamine). In normal human DMT is released in large
amounts during two times in life: once at birth and at time of death
[41]. From an embryological point of view, the most likely site of
Ajna Chakra is the highly studied isthmus organizer that controls
the differentiation of midbrain from hind brain structures [42].
Mother can develop this Chakra of her unborn baby by reading
and speaking with her child on a mental level.

The Vishuddhi Chakra (5% Chakra) is located in the vicinity of
the Larynx- and is therefore also known as the Throat Chakra. It
regulates the functional regions of the thyroid, parathyroid, jaw,
neck, mouth, tongue, and larynx. The thyroid is one of the initial
endocrine organs to differentiate and has an important hormonal
role in embryonic development. The thyroid gland is formed from
two groups of embryonic cells by first dividing to form two lobes
parted by a narrow connecting isthmus [43]. These two structures
became obvious by 16 to 17 days of gestation. However, by 20
weeks only the fetus is able work through feedback mechanisms for
thyroid hormones production [44]. Development of larynx starts
during the 4" week and is closely connected with the development
of trachea. The development starts in the form of laryngotracheal
groove in the ventral wall of the pharynx. The groove steadily
deepens and its edges fuse to form a septum which splits the
laryngotracheal tube from the pharynx and oesophagus. This tube
is lined with endoderm from which the epithelium of the airway
develops. The cranial end of this laryngotracheal tube forms the
larynx and the trachea while the other end of tube produces two
branches from which the two main bronchi develop. This is also
the place from which the two lung buds starts to develop.

The Pranayama has tremendous effect on the Vishuddhi
Chakra, at both the physical and spiritual levels. The harmful
materials are release from the body on a physical level, and
spiritually the beliefs, sentiments, conscious and subconscious are
cleansed and synchronized. To boost cognizance in the developing
baby the mother can communicate with the baby by speaking or
by playing music etc.

The third Chakra is called Manipura (Solar Plexus Chakra),
which islocated around the navel and extends up to the breastbone
[45]. It is a source of personal power that governs self-esteem
and also has the power of transformation. This Chakra has role in
controlling metabolism and digestion too. Through this Chakra we
absorbs solar energy with revitalize our etheric and physical body
[46]. Manipura is “the center of etheric-psychic intuition” that is
why listening to ‘gut feeling’ may help in making better decisions
in life [47].

Initially, the digestive system is a series of tubes starting from
mouth and terminating at anus. By about 8 weeks of gestation
stomach starts forming and by 10th week start to produce
gastric juices. The complete development of digestive system
takes 32 weeks. The rudimentary structure of the eyes, ears, and
smell develops early in gestation along with sensation for touch,
position, and motion detection. Brain development includes
sensory systems, motor systems, social/emotional systems, and
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cognitive systems. The motor development occurs during six to
ten weeks, in which the fetus starts to move its limbs and mouth.
Sensory development begins at 8 weeks and progresses rapidly.
The first sense to develop is touch followed by taste at 14 weeks.
The ear is fully developed at 24 weeks, even though the fetus can
react to sound by 16 weeks. The eyes open at 26 weeks but the
ability to focus is developed toward the end of the pregnancy [48].
All of these systems are related and work together throughout
late fetal and early neonatal life. All exogenous or outside sensory
stimulation has an emotional component as well as the sensory
component [49].

The pineal gland becomes visible at 49th day or 7th week
after conception. During this time only sex differentiation takes
place and gender is determined. The pineal gland influences the
pituitary glands secretion of Follicle Stimulating Hormone and
Luteinizing Hormone through some other transmitting molecule
[50]. During this period the Sacral Chakra (Svadhisthana Chakra,
2nd Chakra) begins to develop and determine the sexuality during
physical development. It is located above the pubic bone - below
the navel, incorporating the genitals and the hypogastric plexus.
The mother should engage in creative activities (writing, painting
and paying music) to convey that verve to the baby.

The Muladhara Chakra (Root Chakra, 1st Chakra) is the
foundation of the energy body. The root chakra is also associated
with what is referred to as a psychic knot. Specifically, Muladhara
Chakra is known as the Brahma granthi. This is like a knot of
energy in the body. When this knot of energy is released, it allows
us to enter Brahma Loka. It also purifies and balances energy in
the urogenital region. The root Chakra becomes active when the
baby changes its position and places the head in the birth canal.
The child is ready to emerge from mother’s womb and greet the
material world. Thus in other words the Root Chakra relates to
the survival needs, will to live, and sense of trust. Children with
enough Root Chakra energy will be less prone to illness and have
a stronger chance for survival. Mother’s contentment and sense of
security during this time will have a deep influence on the child’s
root Chakra.

The urogenital system starts developing during the fourth
week from urogenital ridges in the intermediate mesoderm on
each side of the primitive aorta. Both urinary and genital systems
are interwoven and develop together. The nephrogenic ridge is
the part of the urogenital ridge which forms the urinary system.
Urine formation begins towards the end of the first trimester
(weeks 11 to 12). Three sets of kidneys also develop consecutively
in the embryo. The pronephros is nonfunctional and disappears
very early; the structural elements of the mesonephros mostly
degenerate, but the gonad is developed in their place, with which
the Wolffian duct remains as the duct in males, and the Miillerian
as that of the female.

Maxwell proposed a gap junction theory according to which
physical systems related to a Chakra have three key features: (i)
a physical base present in the dorsal CNS, (ii) a concentration
point activating the physical base, (iii) and impact of that physical
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base on secretions from a particular gland which in turn affect
the brain function. The gap junctions in the autonomic plexuses
may become activate in the dorsal CNS, once energized. Moreover,
gap junctions also modulate glandular functions, apparently by
autonomic nerves linked with these dorsal CNS positions.

Conclusion

Previous efforts to correlate physical body and Chakra were
inadequate. Additional information about stages of embryogenesis
along with the formation of Chakras may be helpful in proposing a
differentaspect of Chakratheory. This is backed by the gap junction
concept proposed by Maxwell according to which Chakras must
have physical connection in addition to the apparent metaphysical
features.Chakras have more than one dimension to them. One
dimension is their spiritual while other is physical existence. The
literaturehas described the Chakras as metaphysical equivalent
of the endocrine glands, as noticeable similarity between the
positions of the two has been observed [51]. Sturgess also linked
the lower six chakras to specific nerve plexuses along the spinal
cord as well as with the glands [52]. Likewise, the Ajna Chakra
is linked with the pineal gland which is a part of the endocrine
system [53]. These associations remain speculative, however, and
have yet to be empirically validated. Initially, all Chakras are fused
under one powerful energy source which gradually separates and
develops along with the fetal development. The mother need to
focus on meditation, creative activities, and positive thinking etc.
all have tremendous role in strengthening the Chakras of growing
fetus in the womb.
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Cytochrome Pys; inhibition studies

ABSTRACT

Background: Picrorhiza kurroa is an important medicinal plant in the traditional Chinese
and Ayurvedic systems of medicine with wide therapeutic potential varing from anti-bacterial
to immune-modulating properties. Objective: To establish the safety profile of Picrorhiza
kurroa as a drug. Material and Methods: Cytochrome P4s0 mediated inhibitory potential is
a useful tool to estimate the risk for drug interaction. To assess safety profile of Picrorhiza
kurroa, CYP3A4 isoform was selected. Hydroalcoholic extract of Picrorhiza kurroa rhizome
was prepared and assayed using a fluorescent substrate and recombinant CYP3A4 isoform.
Results: It was observed that there is a very little possibility of herb-drug interaction of
Picrorhiza kurroa, if it is administered along with other products that are metabolized by
Psso. Conclusion: Picrorhiza kurroa is completely safe and can be used for therapeutic
purposes. Abbreviations used: CYP, Cytochrome Paso; 1Cso, Inhibitory concentration at

50%; BFC, 7-benzyloxy-4(trifluoromethyl)Coumarin.
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INTRODUCTION

Picrorhiza kurroa (Kutki, Kutka; Family Scrophulariaceae) is a perennial herb, abundantly
found in the Himalayas. It is a significantly important plant in the traditional Chinese and
Ayurvedic systems of medicine. It is reported to possess anti-bacterial, anti-periodic,
hepatoprotective, —anti-cholestatic™ B4 anti-inflammatory,  anti-oxidant™"®"7 anti-
allergy, anti-asthmatic’®® and immune-modulating properties.’® Due to immense
therapeutic application of Picrorhiza kurroa in Ayurvedic medicine system it is necessary to
evaluate its potential drug interaction with Cytochrome enzymes. The Cytochrome Pyso
isoenzymes (CYP) have an important role in xenobiotic metabolism and are involved in
several types of interactions such as drugs, herbs, foods etc. Generally, the drug interactions
involving CYP isoforms affects activation or inhibition of the enzyme.™ The CYP mediated
inhibitory activity is a useful tool to assess the risk for drug-drug interaction as it categories
the compounds as high (ICsp <1 puM), moderate (1 pM<ICs,<10 uM) and low (IC50>10 uM)
potential for drug-drug interaction (DDI).

For the assessment of herb-drug interaction of Picrorhiza kurroa, CYP3A4 isoform
(EC 1.14.13.97) was selected. Numerous other members of cytochrome P45y family are also
involved in drug metabolism, but CYP3A4 is the most common and the most adaptable one.
The use of CYP3A4 Inhibitor can decrease metabolism during the first pass and the
elimination phases. Decreased drug elimination may enhance drugs therapeutic and also its
toxicity. Thus, present research aims to develop the safety profile of Picrorhiza kurroa as a
drug which will definitely be advantageous in endorsing traditional Ayurveda to the

international level.

MATERIAL AND METHODS

Material

The rhizome of Picrorhiza kurroa was a generous gift from Patanjali Ayurveda Ltd.,
Haridwar. Recombinant CYP3A4 was purchased from XenoTech, LLC. Fluorescent substrate
7-benzyloxy-4(trifluoromethyl)Coumarin, CYP3A4 inhibitor Ketoconozole, solvents and

chemicals were acquired from Sigma Aldrich, India.
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Sample preparation

The Picrorhiza kurroa rhizomes were shade dried for nearly 3 weeks and coarse powder was
prepared using a mixer grinder. The powdered, dried rhizome was extracted using petroleum
ether (40-50°C) for 18 h to remove the fat and other undesirable components. The resulted
mixture was further treated with hydroalcoholic solution (60:40) for 18h and the extract was

evaporated to dryness in a rotary flash evaporator at 60°C.

Assay Procedure

The CYP3A4 substrate (BFC) and the test compound were dissolved in 30% acetonitrile to
prepare a stock solution of 10 mM. The assay was conducted using final volume of 200 pl, in
a Microplate Fluorescence reader (BioTek FLx 800 T, U.S.A.). Cofactor (1.3 mM NADP, 3.3
mM glucose-6-phosphate, 3.3 mM MgCl, and 0.4 U/ml, glucose-6-phosphate dehydrogenase)
was prepared using 100 mM of potassium phosphate buffer (pH 7.4). CYP3A4 enzyme was
diluted to yield 1.5 pmole/well. The enzyme and cofactor were incubated in shaking
incubator for 20 minutes at 37°C. Substrate (50 uM final concentration), reference compound
and test compound of each concentration were added in a 96 well black plate and incubated at
37°C in a shaking incubator for 15 minutes. Incubation was continued for another 20 minutes
with the addition of 100 pl of pre-warmed enzyme cofactor mix to the assay plate and the
reaction was stopped by the addition of 50 ul of 50% acetonitrile and 20% Tris Base (0.5
M). Fluorescence per well was measured using an excitation wavelength of 410 nm and
emission wavelength of 530 nm in the Fluorescence Reader. The data was analyzed using a
Graph Pad Prism Software Version-5. The ICsy values were calculated using a Sigmoidal
Dose Response.

Calculations and Statistical analysis
The obtained data was presented as mean = S.E.M. The statistical significance was calculated
by ANOVA using GraphPad InStat Version 5.0. In addition, the Dunnett's multiple

comparison test was achieved by setting the significance level at p<0.05 and above.

Percent Inhibition calculated using below mentioned formula:

% Inhibition at x conc. = 100 -% Control

Where x denotes the inhibitor concentration, the 1Cso value calculated using per cent

inhibition data.
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RESULTS AND DISCUSSION

Picrorhiza kurroa is metabolized by CYP3A4 as it has been shown to markedly reduce the
clearance of fluorescence substrate of CYP3A4. A dose response study was conducted for
Picrorhiza kurroa, using five concentrations (0.001, 0.01, 0.1, 1 and 10 pg/ml). Upto 0.01
pag/ml, the tests compound did not show any inhibition however, at higher concentrations the
inhibition was prominent and showed a reduction in P4so concentration. Maximum inhibition
of 90.6% was observed at 10 pg/ml of the test compound. The resulted inhibitory
concentration at 50% (ICsp) of Picrorhiza kurroa was calculated to be 52.35ug/ml whereas

for the inhibitor Ketoconozole, ICsowas 4.74 pg/ml. (Figure 1)

100

60 -

40 7 —— Extract

20 7 —— Control

% inhibition CYP3A4

0 o O T T T 1
-3 -2 -1 0 1

Log Concentration {microgram/ml)

Figure 1. Percentage inhibitory effect of Picrorhiza kurroa extract and Ketoconazole on
CYP3A4

The results indicate that the test extract has a higher 1Csy value than respective positive
inhibitor against CYP3A4. Higher ICs, value indicates that a high concentration of extract is
required to reduce the total enzyme activity to its half (50%). The greater ICs of the plant
extract is desirable for the safety of the drug as it is less likely to display substantial drug

interaction.

CONCLUSION

In the present study, we established the safety profile of Picrorhiza kurroa rhizome extract. It
can be concluded that there is a very little possibility of herb-drug interaction of Picrorhiza
kurroa, if it is administered along with other products that are metabolized by cytochrome
Paso. The results confirmed that Picrorhiza kurroa can be used safely in the Ayurvedic
formulations. However, advanced study is required to find out whether these inhibitory

effects are clinically significant or not. Additionally, in vivo interactions must be taken into
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account for better correlation between the potency and selectivity of cytochrome Pyso

inhibition.
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ABSTRACT

Ergot of Rye is a plant disease caused by the fungus Claviceps purpurea which infects the grains
of cereals and grasses but it is being used for ages for its medicinal properties. All the naturally
obtained ergot alkaloids contain tetracyclic ergoline ring system, which makes them structurally
similar with other neurotransmitters such as noradrenaline, dopamine or serotonin. Due to this
structure homology these alkaloids can be used for the treatment of neuro related conditions like
migraine, Parkinson’s disease etc. For hundreds of years, it has been used in obsctrics and
gynecology as an uterotonics. Ergot drugs have important role in treating prolactinomas and type Il
Diabetes. Their role in cancer treatment has also been established. These drugs constitute an
important group of compounds called “Smart drugs” used to improve cognitive function and
memory and other age related brain disorders. Structural resemblance with various
neurotransmitters allows them to interact with a number of receptors which makes them work on
different target thus designing new ergot based drugs with receptor subtype selectivity will be more
effective.

*Corresponding author: E-mail: nitivinay@yahoo.co.in;
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1. INTRODUCTION

Ergot of Rye is a plant disease caused by the
fungus Claviceps purpurea which infects the
grains of cereals and grasses. "Ergot" is the
French word for “spur” named after the similarity
between sclerotia of fungus and spurs on rooster
legs. In Ayurveda it is known as “Annaamaya”, or
“Sraavikaa” and in Unnani it is called “Agrat”.
Briefly, the life cycle of Claviceps purpurea starts
during spring season when the windborne
ascospores infects the grain and initiates
pathogenesis. The fungal sclerotia develop to
produce mushroom-shaped stroma, which
release spores. When a mature sclerotium drops
to the ground, the fungus remains quiescent until
next spring and the process continues [1]. The
ergot symptoms are manifested during kernel
formation, when ergot bodies are formed in place
of kernels. Interestingly, the fungus does not
infect any other plant part except the ovary,
which is replaced by purplish-black sclerotium,
commonly referred to as an ergot. The ergot
sclerotium contains high concentrations of the
alkaloid ergotamine and several other peptide
alkaloids of the ergotamine group (including
ergosine and ergocristine). It is possible that
ergot infected grasses since farming began but it
was first documented only around 600 BC.
Chronic ergot poisoning (ergotism) was prevalent
in Europe during the middle ages due to the
consumption of bread made from contaminated
rye. The disease was often referred to as “Ignis
sacer”, meaning “Holy Fire”, or “St. Anthony's
Fire” [2-5]. The infection resulted in symptoms
such as hallucinations, severe gastrointestinal
upset with painful feelings of intense heat in the
limbs due to severe restriction of blood flow with
concomitant loss of limbs.

Regardless of serious safety concerns, ergot has
been used in various systems of medicine
(Ayurvedic, Unnani and Western) for hundreds of
years. Ergot contains no lysergic acid
diethylamide (LSD) but rather ergotamine, which
is used to synthesize lysergic acid, the precursor
for LSD. Ergot alkaloids are dopamine agonists
which activate dopamine receptors (in the basal
ganglia and other parts of the brain involved in
motor function) and a prolactin inhibitor. Ergot is
a strong vasoconstrictor and thus helps to reduce
bleeding by narrowing of the blood vessels. In
both Ayurvedic and Unnani system of medicine
as in western herbal, ergot is employed to
stimulate uterine contraction in the final stages of
labor. It is also employed though rarely for
arresting uterine hemorrhage. Ergot was perhaps
first used in medicine as an oxytocic drug, to
promote uterine contraction during child birth.
They have been used for treating migraine
headaches [6] since 1883 and also in treating
Parkinson's disease, restless leg syndrome and
other purposes. Ergot-derived drugs commonly
used to treat Parkinson’'s disease include
bromocriptine (Parlodel), pergolide (Permax),
and lisuride (Revanil) [7]. Presently lysergic acid-
derived drugs are used to treat Alzheimer’s
disease, dementia and hyperprolactinemia [8-
10]. One of the most recent studies indicates role
of ergots (bromocriptine) in treating Type I
Diabetes [11]. In 2009, bromocriptine mesylate
was approved by the FDA for treatment of type I
diabetes.

Although ergotamine and ergometrine are the
two naturally obtained ergot alkaloids of medical
importance a number of new compounds have
been synthesized by chemical modification of
existing structures [12]. This article thus aims to



cover the role of different ergot alkaloids in the
field of medicine.

2. BIOSYNTHESIS

The steps involved in biosynthesis of ergot ring
formation are portrayed in Fig. 1 as described
earlier [13-17]. Limited information is available on
most of the enzymes involved in biosynthesis of
ergot as they are instable in cell free extract,
except for Dimethylallyltryptophan (DMAT)
synthase. It catalyzes the condensation of L-
tryptophan with dimethylallylpyrophosphate to
yield dimethylallyltryptophan. All of the enzymatic
steps after dimethylallyltryptophan formation
ultimately lead to ring formation in ergoline. The
DMAT-forming reaction is the committed step in
biosynthetic pathway in ergot fungi and provides
the carbon skeleton of the ergoline ring system
[18]. The following steps are catalyzed by a
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methyltransferase, followed by decarboxylation
and closure of ring C in Chanovlavine | by
Chanoclavine-l cyclase. In the next step
Agroclavine-17-monooxygenase converts
Agroclavine to Elymoclavine [19] which in turn is
converted to Paspalic acid by Elymoclavine-17-
monooxygenase [20,21]. Both these enzymes
are NADPH and dependent and molecular
oxygen thus can be considered as Cytochrome
P450-monooxygenase  [22]. However, the
presence of Elymoclavine-17-monooxygenase
was not detected in a Claviceps strain that
produces Agroclavine and Elymoclavine but in a
strain that produces D-lysergic acid amides and
peptides [20,21]. This shows that the clavine-
producing Claviceps strain is deficient in the
enzyme that converts Elymoclavine to Paspalic
acid which isomerizes to form D-lysergic acid in
the next step.
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Fig. 1. Biosynthetic pathway of ergot alkaloids



3. CHEMISTRY OF ERGOT ALKALOIDS

The nucleus common to all ergot alkaloids
(lysergic acid) was isolated and characterized in
1934 by Jacobs and Craig of the Rockefeller
Institute of New York [23]. All the naturally
obtained ergot alkaloids contain tetracyclic
ergoline ring system, which makes them
structurally similar with other neurotransmitters
such as noradrenaline, dopamine or serotonin
(Fig. 2). This structure homology of ergot
alkaloids with these neurotransmitters implies
that these alkaloids can be used for the
treatment of neuro related conditions like
migraine, Parkinson’s disease etc.

Structurally the most common features of these
alkaloids are methylation at 6" position of
nitrogen and substitution at 8" position of carbon
in the tetracyclic ring system. Interestingly, due to
asymmetric carbon atom at 8" position, the 10-
ergolens produce two epimers; ergolenes and
isoergolenes [24-27]. Based on the substitution
at 8" position these alkaloids can be categorized
into four groups as (i) Clavine alkaloids : the
hydroxy and dehydro derivatives of 6,8-
dimethylergolenes and the corresponding
ergolines. They also include the chanoclavines
with an open D-ring between N-6 and C-7. (ii)
Lysergic acid derivatives : These derivatives of
lysergic acid are amides in which the amidic
moiety is formed by a small peptide or an
alkylamide. Nonpeptide amides of lysergic acids
isolated from ergot fungi are ergometrine,
lysergic acid 2-hydroxyethylamide, lysergic acid
amide, and paspalic acid [24-26] (iii)
Ergopeptine alkaloids : the unique feature of
these alkaloids is the cyclic part which is formed
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by the reaction of an a-hydroxy-amino acid
adjacent to lysergic acid with a carboxyl group of
proline. In addition these ergot alkaloids are
composed of lysergic acid and a tripeptide
moiety. This tripeptide moiety of ergopeptines
contains various amino acids such as L-alanine,
L-phenylalanine, L-valine, L-leucine, and L-
isoleucine, as well as 2-aminobutyric acid. The
compounds usually formed by these amino acids
are ergotamine, ergotoxine, ergoxine, and
ergoannines [24,26] (iv) Ergopeptam alkaloids
have structure similar to ergopeptines however
the major difference between them is the proline
moiety i.e. D-proline (ergopeptam) than L-proline
(ergopeptines) and the tripeptide chain is a
noncyclol  lactam. The examples are
ergotamams, ergoxams, ergotoxams, and
ergoannams [24,26,27] (Fig. 3)

4. PHARMACOLOGY
4.1 Mode of Action of Ergot Alkaloids

The ergot alkaloids can modulate several
receptors of neurotransmitters, such as,
dopamine, serotonin and noradrenalin due to the
structural similarity of their ergoline ring with
biogenic amine receptors [28] (Fig. 2). Till now at
least 14 different subtypes of 5-HT receptors
[29], 5 subtypes of dopamine receptors [30-32]
and at least 10 subtypes of adreno receptors [33-
35] could be identified on the basis of information
based on different biochemical studies. As they
target different receptors their pharmacological
action is quite broad. The pharmacologic
relevance of ergots is determined by the relative
affinity and efficacy of the individual agents for
these receptor systems. Many ergot alkaloids

Dopamine

Ergoline Nucleus

Serotonin

Fig. 2. Structural similarity of ergoline ring with

biogenic amine receptors [22]
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Where, R = OH, Lysergic acid
R =NHCHCH;CH,O0H, Ergometrine

L-proline

Lactam

Where, R; and R, = Substituents of Amino acid

Ergopeptines

Fig. 3. Chemistry of ergot alkaloids

exhibit partial agonist activities and thus can
display either stimulatory or inhibitory effect
(Table 1). These receptors and their related
neurotransmitters control cardiovascular function,
endocrine activity, gastrointestinal tract motility,
smooth  muscle contraction, temperature
regulation, and appetite. Owing to these
properties a number of ergot based drugs have
been approved by FDA (Table 2).

The important pharmaceutical actions of ergot
alkaloid are vasoconstriction and
hypoprolactinaemia. Vasoconstriction is linked
with inhibition of D1-dopamine receptor and
partial activation of the al-adrenergic and
serotonin receptors. Binding of ergot alkaloids to
D2-dopamine receptors stimulates the release of
dopamine which inhibits prolactin secretion from
anterior pituitary [36-40]. Additionally, the binding
affinities of ergopeptide and ergoline alkaloids as
D2 receptors agonists resemble dopamine itself
[41,42].

4.2 Effect on Organ Systems

Central Nervous System: some naturally
occurring alkaloids are powerful hallucinogens

such as lysergic acid diethylamide. Hofmann [43]
(U.S. Patent, 1948) discovered the psychedelic
properties of LSD in 1943. It was introduced
commercially in 1947 by Sandoz Laboratories as
a drug with various psychiatric uses. LSD mimics
the effects of serotonin and acts on the human
nervous system by rapidly crossing the blood-
brain barrier and binding to most serotonin (5-
HT) and all dopamine receptors subtypes, with
the serotonin agonism (especially the activation
of the 5-HT,4 receptor) [44-46]. Compounds like
bromocriptine acts as D2 dopamine receptors
agonist [47] and both agonist and antagonist at
D1 receptor, at the level of the hypothalamus and
corpus striatum. It directly stimulates ovarian
dopamine receptors leading to menses in
amenorrhiec women and directly activates
lactotrope dopamine receptors, leading to
inhibition of prolactin release [48].

Cardiovascular system: The effect of ergot
alkaloids on vascular smooth muscles varies with
individual agent and type of blood vessel. The
natural amino acid alkaloid like ergotamine
constricts most human blood vessels including
both veins and arteries whereas



dihydroergotamine is more effective in
capacitance rather than on resistance vesicles.
Ergotamine also acts as al-receptor antagonist
and causes reversal of pressor effects of
adrenaline [49]. Ergotamine, ergonovine and
methysergide, all are non specific partial agonist
of 5-HT2 vascular receptors [50]. These drugs
stimulate serotonin, decrease inflammation, and
reverse blood vessel dilation around the brain,
thereby relieving the migraine or cluster
headache symptoms [51].

Uterine smooth muscle: The stimulatory effect
of ergot alkaloids on uterus which varies with
hormonal status (pregnancy). In small doses,
ergot preparations can bring about rhythmic
contractions and relaxation of the uterus while at
higher doses; it results in a strong and prolonged
contraction [52]. As compared to other ergot
alkaloids, Ergonovine is more selective and the
agent of choice in obstetrics [53]. It directly
stimulates uterine smooth muscle contraction
resulting in increased muscular tone and
enhanced contraction.

4.3 Ergot Derived Smart Drugs

Smart Drugs are nootropics drugs i.e. chemical
substance that improves cognitive function and
memory or facilitate learning. Three famous ergot
derived smart drugs are Bromocriptine,
Hydergine and Nicergoline. Few others are
Ergoloid mesylates, co-dergocrine and
dihydroergotoxine, all with a common ancestry.

4.4 Bromocriptine

Bromocriptine is an agonist of dopamine D2
[47,54] and various serotonin receptors. By
reversing the glutamate GLT1 transporter it also
inhibits the release of glutamate thus protecting
the brain against ischaemia [55]. As
bromocriptine has role in dopamine enrichment,
it is also referred to as an aphrodisiac and thus a
potential drug for the treatment of ‘weak orgasm
syndrome’ as it helps to reinstate normal sexual
function in cases where the possible cause is
prolactin over secretion [56,57].

4.5 Hydergine

Hydergine (Ergoloid Mesylates) was synthesized
for the first time in 1940's by Albert Hofman, the
father of LSD. Since then it is being used for
memory loss associated with ageing and also as
an effective anti-oxidant [58]. Hydergine thought
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to work by mimicking the effect of nerve growth
factor (NGF) therefore, enhancing memory and
cognition. NGF has role in stimulating protein
synthesis, resulting in the growth of dendrites.
These dendrites are communication links
between nerve and brain cells and are crucial to
memory and learning. Thus an increase in
dendrites will ultimately enhance cognitive
functions, mental alertness, clarity and mood
[59].

Hydergine is regarded as the first effective drug
in treatment of Alzheimer's disease [60,61]
approved by FDA. It is also used in dementias
and for treating psychiatric disorders [62,63].
Even though it is only approved for treating
senility and cerebro-vascular insufficiency, it is
being used in various European countries to
maintain brain oxygen levels after emergencies
and accidents that involve shock, hemorrhage,
strokes, heart attacks, drowning, electrocution
and drug over-dose [64]. An optimum oxygen
supply in brain, keeps a check on free radicals
production. Hydergine also reduces the
accumulation of the age-related toxin, lipofuscin
[65-67]. Therefore, it can be regarded as an all-
purpose brain booster and also an incredible
anti-aging medicine.

4.6 Nicergoline

Nicergoline (trade name Sermion) is another
ergot derivative used to treat senility and other
disorders with vascular origins. It is used
worldwide for the treatment of cognitive,
affective, and behavioral disorders in elderly
[68,69]. Apart from having neurotrophic and
antioxidant properties it is reported to have a vast
therapeutic potential as an al-adrenoceptor

antagonist  [70] boost cholinergic and
catecholaminergic neurotransmitter action;
restrain  platelet aggregation [71,72] and

accelerates metabolism [73]. As it works on wide
variety of targets it is used for the treatment of
vascular disorders such as cerebral thrombosis
and atherosclerosis, arterial blockages in the
limbs, increases serum substance P levels, in
patients with an ischaemic stroke, which cause
reduction in the risk of aspiration pneumonia and
with  improvement in dysphagia [74,75],
Raynaud's disease, vascular migraines, and
retinopathy, peripheral arterial occlusive disease
[76-78]. The safety profile of nicergoline is better
than any other ergot derivatives like ergotamine
and ergotoxine as no incidence of fibrosis or
ergotism are reported till date, with Nicergoline
[79].
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Table 1. Receptor mediated actions of ergot alkaloi

ds [49]

Ergot alkaloids o adrenoreceptor D2 receptor 5HT ;receptor Uterine smooth
muscle

Ergotamine Agonist/antagonist agonist(+) partial agonist +++

Dihydroergotamine Agonist/antagonist agonist(+) partial agonist ++

Ergonovine partial agonist 0 partial agonist +++

Bromocryptin _ +++ _ 0

Methylsergide +/0 +/0 partial agonist +/0

LSD +/0 +/0 partial agonist +/0

Table 2. FDA approved ergot drugs [160]

Drug FDA application  Active ingredient Company add ress Current
market
status

Bromocriptine
Mesylate
(Tablet; oral )
Bromocriptine
Mesylate
(Capsule; Oral)
Bromocriptine
Mesylate
(Tablet; oral)
Bromocriptine
Mesylate
(Capsule; Oral)
Bromocriptine
Mesylate
(Tablet; oral)
Bromocriptine
Mesylate
(Capsule; Oral)
Cycloset
(Tablet; oral )
Parlodel
(Tablet; oral)
Parlode

( Capsule; Oral)
Digoxin

Digoxin
Digoxin
Digoxin

Digoxin
Digoxin
Pediatric
Lanoxicaps

Lanoxin
Lanoxin

Lanoxin
pediatric

ANDA (074631)

ANDA (075100)

ANDA (076962)

ANDA (077226)

ANDA (077646)

ANDA (078899)

NDA (020866)

NDA (017962)

NDA (017962)
ANDA (077002)
ANDA (078556)
ANDA (083217)
ANDA (083391)

ANDA (084386)
ANDA (040092)

NDA (018118)
NDA (009330)

NDA (020405)
NDA (009330)

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Bromocriptine
Mesylate

Digoxin
Digoxin
Digoxin
Digoxin

Digoxin
Digoxin

Digoxin
Digoxin

Digoxin
Digoxin

LEK PHARMS

LEK PHARM

MYLAN

MYLAN

PADDOCK LLC

ZYDUS PHARMS
USA INC

VEROSCIENCE

US PHARMS
HOLDINGS

US PHARMS
HOLDINGS
HIKMA INTL
PHARMS

IMPAX LABS
ABRAXIS PHARM
HIKMA MAPLE

WYETH AYERST
HOSPIRA

GLAXOSMITHKLINE
LLC

CoVvis
INJECTABLES
COVIS PHARMA
COVvIs
INJECTABLES

Prescription

Discontinued

Prescription

Prescription

Prescription

Prescription

Prescription
Prescription
Prescription
Prescription
Prescription
Discontinued

Prescription

Discontinued
Discontinued

Discontinued
Prescription

Prescription
Prescription




4.7 Other Therapeutic Applications of
Ergot Derived Drugs

4.7.1 Role in migraine treatment

Dihydroergotamine is being used to treat
migraine headaches for a long time. They were
the first ‘migraine-specific’ drugs [80] as they
relieve only severe headaches and symptoms
associated with migraines. Because these
medicines have serious side effects like ergotism
and gangrene [81] they are generally prescribed
for patients whose headaches are not relieved by
any other pain reliever. The two drugs used for
treating migraine, ergotamine (ET) and dihydro-
ergotamine (DHE), differ in pharmacokinetic and
pharmacodynamic profile. The caffeine present
in many ergotamine-containing combinations
(e.g. Cafergot) helps ergotamine work better and
faster by causing more of it to be quickly
absorbed into the body. More recently, orally
inhaled DHE (Semprana, Allergan Inc.; formarly
known as Levedex by MAP Pharmaceuticals) is
currently under process of FDA approval for
treatment of migraine and the company expect it
to get FDA approval by second quarter of 2015
[82].

The oral assimilation of ergotamine is around
60%, which is improved by the simultaneous
administration of caffeine. Ergotamine has a very
low bioavailability [83,84] through oral route. As
compared to intravenous bioavailability (100%),
the oral bioavailability of ergotamine is <1%,
owing to high first-pass metabolism. Ergotamine
is metabolized in the liver by indeterminate
pathways and approximately 90% of the
metabolites are excreted in the bile [85].
Ergotamines are well known vasoconstrictors
[50,86]. Various in vivo experiments show that
this vasoconstrictor effect is exerted within the
coronary [87], cerebral [86], pulmonary [88] and
temporal [89] arteries, selectivity extending to the
arteriovenous anastomotic parts. The large
arteries (conducting vessels) are affected more
compared to the arterioles (resistance vessels).
Thus the arterial blood pressure is reasonably
increased by these drugs [90,91]. The
mechanism of action of ergot alkaloids is quite
complex and involves interaction with a range of
receptors. Both ergotamine and DHE have
affinity for 5-HT (5-hydroxytryptamine), dopamine
and noradrenaline receptors [50,86,92-94]. In
addition, there is evidence that both ergotamine
and DHE can activate novel, as yet
uncharacterized receptors [93].
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4.7.2 Role as uterotonics

Uterotonics work by directly affecting uterine
smooth muscle contraction and used to induce or
augment labor by increasing the quality, rate,
and force of periodic contractions.

The role of ergot in preghancy has been known
for over 2000 years, and it was used by
physicians to stimulate abortion 400 years ago.
The first authentic information of use of ergot in
obstetrics appeared in Chinese writings in 1100
BC. Adam Lonicer in his Kreuterbuch described
the use of ergot preparation by midwives to
produce strong uterine contractions [95]. The
ergot also became popular in France, Germany,
and the United States as an oxytocic in childbirth.
It was in 1808 when ergot was first used as an
official medicine by American physician John for
uterine to quicken childbirth [96]. Ergometrine
was first isolated by the chemists Dudley and
Moir [97-99] and its prophylactic use for treating
haemorrhaging lead to a decline in the maternal
mortality rate during the early 20th century [100].

Presently, Methylergonovine maleate
(Methergine) and Ergonovine (Ergometrine) are
the two main ergot based drugs used in
Obstetrics as a uterine stimulant to control
Postpartum Hemorrhage [101-1086].

Ergot alkaloids have a stimulatory effect on the
motor activity of the uterus. In small doses, ergot
can induce rhythmic contractions and relaxation
of the uterus while at higher doses; ergot a
powerful and prolonged contraction is observed
[107,108]. Ergonovine is more selective thus a
preferred drug in obstetric applicants compared
to other alkaloids and is on the World Health
Organization's List of Essential Medicines [109].
It is generally combined with oxytocin
(Syntocinon) as syntometrine which makes it
superior to syntocinon alone in lessening
occurrence of postpartum haemorrhage in
caesarean section and associated maternal
morbidity and mortality [110]. The most
prominent effect of ergonovine is uterine smooth
muscle contraction, increasing both muscular
tone and the rate of rhythmic contractions. This
stimulatory effect seems to be most closely
associated with agonist or partial agonist effects
at 5-HT2 receptors [49,111]. Both drugs
stimulate  alpha-adrenergic and  serotonin
receptors and inhibition of endothelial-derived
relaxation factor release [112,113]. They are
less potent vasoconstrictor than ergotamine and



have minor actions on the central

system.

nervous

4.8 Effect on Prolactin Secretion

Prolactin is also known as "mothering hormone”
as one of its primary functions is to promote
lactation and weight gain in pregnancy.
Bromocriptine, an ergot derivative, suppresses
hormone prolactin, leading to their use as fertility
drugs by women but it also helps to reduce
serum prolactin levels in men although the
precise role of prolactin in men is unclear.

Bromocriptine mesylate (also known by its brand
name Parlodel) is a non-hormonal, non-
estrogenic agent that inhibits the secretion of
prolactin in humans, with little or no effect on
other pituitary hormones [114]. It works by
increasing the levels of dopamine in brain. The
drug acts on the pituitary gland, reducing the
production of prolactin.

The in vivo and in vitro effects of ergot
derivatives on prolactin and growth hormone
biosynthesis in the rat have been studied [115]
and it was observed that ergot alkaloids
suppress prolactin synthesis and release by the
pituitary gland as well as pituitary tumors. The
results supported the prior finding [116-120] that
ergocornine and ergocryptine inhibit release and
synthesis of prolactin. As the ergot derivatives
reduce serum prolactin and leutinizing hormone
levels [120] it can be proposed that the drugs
have a general repressive effect on pituitary
function rather than a specific effect on selected
pituitary cell receptors. Additionally, the drugs
apparently decrease ACTH secretion by the
pituitary tumors in view of the fact that the ergots
cause degeneration of the adrenal glands [115].

These days another ergot derivative,
Cabergoline [121] (brand names Caberlin,
Dostinex and Cabaser), is being frequently used
as a first-line agent in the treating prolactinomas
due to higher affinity for D2- receptor sites and
lesser side effects compared to bromocriptine
[122].

4.8.1 Role in type Il diabetes

The effects of ergot alkaloid on glycaemic
variables have been known [123] since 1980 but
it was only in 2009, when bromocriptine mesylate
was approved by the FDA for treatment of Type
Il diabetes under the trade name Cycloset
(VeroScience). Bromocriptine is a semi-synthetic
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derivative of a natural ergot alkaloid, Ergocriptin
(a derivative of lysergic acid), which is
synthesized by bromination of ergocriptin using
N-bromosuccinimide [124]. It is an ergot alkaloid
dopamine-D2-receptor agonist [125]. It is
currently unknown how this drug improves
glycemic control but somehow it may help
resetting the circadian dopamine signal [126-
128]. The possible explanation is that it produces
its effects by varying the activity of hypothalamic
neurons, through a vagal route, to reduce hepatic
gluconeogenesis, without increasing insulin
concentrations [123,129-132]. In an experiment
conducted on a large group of patients with Type
Il diabetes, Bromocriptine-quick release (as
single or in combination with two blood-glucose-
lowering  drugs) reduced the risk of
cardiovascular disease compared with control
[133-136]. Even though the mechanism of action
is not clear, Bromocriptine-QR's action indicates
a vital target in the hypothalamus which may help
to reset abnormally elevated hypothalamic drive
for metabolic parameter like increased plasma
glucose, triglyceride, and free fatty acid levels
in fasting and postprandial states in insulin-
resistant patients [137,138]. The encouraging
cardiovascular risk profile of Bromocriptine-QR
proposes its usefulness in the treating patients
with Type Il diabetes with a history of
cardiovascular disease [139].

4.8.2 Role in Parkinson’s disease

Ergot alkaloids work as dopamine agonists to
trigger dopamine receptors in the basal ganglia
and other parts of the brain implicated in motor
function. However, the precise mechanism
through which this process occurs is not yet
clear. Ergot-derived medications commonly
used to treat Parkinson's disease include
Bromocriptine (Parlodel), Cabergoline (Caberlin),
Pergolide (Permax), and Lisuride (Revanil).
Bromocriptine has been in normal use as adjunct
therapy with levodopa to treat patients with
Parkinson’s disease [140]. Also in new patients,
bromocriptine monotherapy has delayed the
need for levodopa treatment [141].

Cabergoline is a potent dopamine receptor
agonist on D, receptors with a long (~65 hours)
plasma half-life [142]. It is also effective as an
addition therapy to levodopa in patients with
advanced Parkinson's disease [143]. Reports
have also established the efficacy of cabergoline
in delaying motor complication [144,145].
Pergolide is more beneficial than bromocriptine
as it act on both D1 and D2-like receptors, in



comparison with bromocriptine, which stimulates
D2-like receptors and is a weak antagonist at D1
sites [146]. A high dose of pergolide has shown
to improve motor function without simultaneous
levodopa treatment, in some patients with
complicated Parkinson’s disease [147]. Lisuride,
resembles bromocriptine in target and mode of
action and has beneficial effect when used in
combination with levodopa in patients with
advanced Parkinson's disease [148]. It permits
reduction of levodopa dose when used as
monotherapy and/or in combination with
levodopa [149,150]. In a study conducted on a
large number of Parkinson’s disease patients
revealed that two ergot-derived drugs, Pergolide
and Cabergoline may increase the risk of
cardiac valve regurgitation (CVR) but not in
hyperprolactinaemia patients [151-153].
Whereas, results of another study indicate that
ergot dopamine agonist use in Parkinson's
disease patients are unrelated with an increased
risk of newly diagnosed heart failure [154].

Even though agonism of 5-HT (2B) receptors in
the heart is apprehended to play an important
role, the accurate pathway leading to
valvulopathy is still unidentified, as these
unfavorable result is not observed in all patients
and also it is unclear whether the fibrotic
changes are reversible or not. Thus it can be
speculated that dopamine agonists devoid of 5-
HT(2B) agonistic activity, such as Lisuride
(ergolinic dopamine agonists) and non-ergot
dopamine, might not induce fibrotic changes in
heart valves, but it need more experimental
validation [155].

4.8.3 Role in cancer

A vast literature is available on receptor effects of
ergot alkaloids but their cytotoxic effect has not
been studied much. A low dose of bromocriptine
is usually recommended along with the classical
antitumor therapies in treatment of metastatic
breast cancer and prostate carcinoma patients
showing cancer-related hyperprolactinemia [156].
However, for the first time a new role of ergot
alkaloid was unveiled by Mulac and Humf [157].
They studied the six main ergot alkaloids
(ergotamine, ergocornine, ergocryptine,
ergocristine, ergosine and ergometrine, and their
isomeric forms) in order to evaluate their toxic
effect on human primary cells. The toxic
properties changes with the structure of ergot
alkaloids; the ergometrine (lysergic acid amide)
did not show any effect, while peptide ergot
alkaloids showed activity, ergocristine being most
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effective in human kidney cells. An exciting
connection between the alkaloid concentration
(in the cell lysate of the receptor-inactive
isomers) and cytotoxicity was observed in ergot
alkaloids. They displayed strong apoptotic effects
in two cancer cell lines (HepG2 and HT-29).
Also, by exploiting the natural fluorescence
properties of ergot alkaloids, strong accumulative
effects were first visualized by fluorescence
microscopy [158]. Unfortunately, the mechanism
or cytotoxicity is not yet clear and need in depth
research in this field. Very recently, six ergot
alkaloids (agroclavine, ergosterol, ergocornin E,
ergotamine, dihydroergocristine, and 1-
propylagroclavine tartrate) were investigated for
their cytotoxicity towards tumor cell lines and 1-
Propylagroclavine tartrate (1-PAT) found to be
most potent. As the cytotoxicity profile of ergot
alkaloids does not follow classical mechanisms
of drug resistance, it can be used to deal with
drug-resistant tumors [159]. The cytotoxicity of
ergot alkaloids is not involved in classical
mechanisms of drug resistance opening the
possibility to bypass resistance and to
treat otherwise drug-resistant and refractory
tumors.

5. CONCLUDING REMARKS

Ergot alkaloids have had medicinal importance
for a long time varying from helping in child birth
to headaches to psychological problems.
Structural resemblance with various
neurotransmitters allows them to interact with a
number of receptors which makes them work on
different target. However, it becomes very
difficult to explain pharmacological profile without
identifying receptor homogeneity. As a result of
the progress in alkaloid chemistry it is possible to
designing new ergot based drugs with receptor
subtype selectivity, by different modifications on
the ergoline ring, which will resolve the problem
of side effects associated with these drugs.
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ARTICLE INFO ABSTRACT

Keywords:

Oroxylum indicum stem Bark
Antioxidant activity
B-glucuronidase activity
ADME study

Docking study

Oroxilum indicum has an extensive history in the Indian traditional medicine system. The root and stem bark of
this plant is well accepted for the treatment, prevention, and cure of various types of diseases. The bark of the
plant has a high content of flavonoids and other phenolics, which are known to be responsible for exhibiting
various therapeutic effects. The role of O. indicum in liver disease is well known, but until now, the mechanism
has not been well studied. In the present study, the stem bark of O. indicum was extracted with ethanol using a
hot extraction method and their phyto-chemical analysis was performed. Further, the plant extract was also
used to evaluate their role in reducing oxidative stress and f-glucuronidase enzyme activity. The antioxidant
study showed that extract has the capability to down-regulate oxidative stress, while p-glucuronidase assay
displayed ICsq at 174.36 pg/mL. Additionally, we selected the major polyphenolic phyto-compounds derived
from the bark of O. indicum for in silico ADME and docking studies. The ADME study reflected the optimal
pharmacokinetic profile of the compounds. However, the docking experiments confirmed that all the selected
phyto-compounds have tendency to interact with p-glucuronidase receptor.

1. Introduction

The liver is an imperative organ involved in maintaining a variety
of metabolic functions and its related diseases have become one of im-
portant health concern worldwide (Byass, 2014). Liver act in the
detoxification process via countering various exogenous and endoge-
nous challenges (Kshirsagar et al., 2011). Exogenous compounds
(xenobiotics such as alcohol, nicotine and drugs) (Benkovié¢ et al.,

2019) are mainly metabolized in the liver by biotransformation phase
I and II. Briefly, the biotransformation phase I reactions are majorly
involved in the exposure of functional groups on the drug through ox-
idation, reduction, and hydrolysis (Tripathi, 2013). However, the bio-
transformation phase-II reactions are majorly controlled and coordi-
nated by glucuronidation (Graaf et al., 2002). It was observed that
during the process of metabolism various toxins conjugate with glu-
curonic acid and are converted into inactive forms (converting conju-

Abbreviations: O. indicum, Oroxylum indicum, ADME, Absorption, distribution, metabolism, excretion, IP, Indian Pharmacopoeia, API, Indian Ayurvedic
Pharmacopoeia, PDB, Protein data Bank, LGA, Local grid analysis, TS, Transverse section, pg/QE, pg/ quercetin equivalent in mg, pg/DE, pg/ diosgenin
equivalent in mg, ICsg, 50% inhibition, DPPH, 2,2-diphenyl-1-picrylhydrazyl, ABTS, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid, ANOVA, Analysis of
variance, EDTA, Ethylene diamine tetra acetic acid, logP, The logarithm of the octanol-water partition coefficient, Lip, Vio, Total number of violation of Lipinski
rule of five, H don, Number of H donors, H Acc, Number of H acceptors, GI abs, Gastrointestinal absorption, BBB, Blood brain barrier, P450-3A4, The probability
of metabolism at CYP450 3A4, P450-2D6, The probability of metabolism at CYP450 2D6, TPSA, Total polar surface area, Tox, Probability of maximum toxicity of
the compounds, Ph Score, Predicted glucosidase activity score calculated by the Cinderella shoe
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gated bilirubin to the unconjugated promotes its re-absorption). These
inactive forms of toxins are eliminated from the organ without arising
any harm. The rate of deglucuronidation is controlled by f-
glucuronidase enzyme. These p-glucuronidase enzymes are present in
endocrine, reproductive organs, and other tissue surfaces, which play
an important role in the hydrolysis of glucuronide moiety (Dutton,
1980). It is also noticed that liver damage and other related complica-
tions increase blood p-glucuronidase level (Pineda et al., 1959).
Therefore, p-glucuronidase inhibitors can play a vital role in reducing
this toxic stimulants and act as potential hepatoprotective agents
(Walaszek et al., 1984). Silymarin is a well-recognized phyto-
pharmaceutical used as p-glucuronidase inhibitor and widely used for
the treatment of various liver disorders such as liver cancer and jaun-
dice (Kim et al., 1994). Nevertheless, silymarin also contains some
major drawback like poor bioavailability (Dixit et al., 2007), GI bloat-
ing, dyspepsia, nausea, irregular stool, diarrhea, pruritus, headache,
exanthema, malaise, asthenia, and vertigo (Pradhan and Girish,
2006). Thus, search towards identification of new hepatoprotective
formulation from the traditional plants is worthful. There are vast va-
rieties of medicinal herbs known for f-glucuronidase enzyme inhibi-
tion (Joshi and Sanmuga Priya, 2007). Oroxylum indicum (Shyonaka)
(Family: Bignoniaceae) is one of the well-recognized species men-
tioned in ancient traditional Indian medication system Ayurveda (API,
2016). Ayurvedic medication system considers this plant in single or
as a poly-herbal formulation for the treatment of various ailments like
fever, jaundice, measles, bronchitis, intestinal worms, leucoderma,
asthma, inflammation, anal troubles, snakebite, rheumatism, diarrhea,
and dysentery (Atara et al., 2014; Di Bisceglie, 2009). The plant bark
consist of enrich amount of flavonoids and other phenolics (mainly
baicalein, oroxyline-A, chrysin, baicalin, naphthoquinone-lapachol,
and phenolic ellagic acid) (Dinda et al., 2015; Teshima et al., 1996;
Yadav et al., 2013; Yan et al., 2011). Some studies reported that one
of the major components of this plant, baicalein shows hepatoprotec-
tive characteristics through free radicals scavenging and lipid peroxi-
dation inhibition (Kim et al., 1994; Tenpe et al., 2009). Even though,
the hepatoprotective activity of O. indicum is well acknowledged but
the mechanism of action still has not been well studied. Studies shows
that polyphenols (especially flavonoids) participates as antioxidants
through lowering the oxidative stress (Benkovic et al., 2019; Hussain
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et al., 2016; Singh et al., 2018). Therefore, in this study, we evaluated
the p-glucuronidase inhibitory potency of polyphenolic rich extract of
O. indicum stem bark, followed by its role in reduction of oxidative
stress. Additionally, we selected previously identified polyphenolic
compounds of the stem bark (Yadav et al., 2013) (Fig. 1) for docking
study to establish the possible ligand-amino acid residue necessary for
B-glucuronidase inhibition.

2. Material and methods
2.1. Plant material

The stem bark of O. indicum was purchased from Patanjali
Ayurveda Ltd, India. Further, the sample was authenticated by re-
gional office of Botanical Survey of India, Allahabad, Uttar Pradesh,
India and a voucher specimen (TR No-197,054) was deposited for fu-
ture reference.

2.1.1. Extract preparation

300 mL of ethanol was added into a round bottom flask with 20 g
of powdered material. Then the sample was refluxed for 3 h. Further,
the solution was filtered using Whatman filter (paper # 41) to remove
the particulate matter and concentrated at 30 °C under reduced pres-
sure.

2.2. Chemicals

The chemicals and reagents used for the study were f-
glucuronidase (from bovine liver; Sigma, India), p.-nitrophenyl-f-
glucuronide (Merck, India), silymarin (Sigma, India), sodium dihydro-
gen orthophosphate (Merck, India), di-sodium hydrogen phosphate
(Merck, India).

2.3. Macroscopy

Macroscopy consist the methodology of evaluation of the plant for
the confirmation of its originality and purity. For this purpose, detec-
tion of adulteration was based on visual appearance by the naked eyes
and other sensory characteristics such as odor, taste, and touch.

scutellarin

apigenine

OH O
98
HO o) O

OH

Fig. 1. Structure of selected polyphenolic compounds.
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2.4. Microscopic features

The plant material was fixed in the solution mixture of formalde-
hyde (45 mL of 70% ethanol + 4.5 mL of glacial acetic
acid + 4.5 mL of formaldehyde). The section was cut transversely and
stained with safranin and mounted following the usual plants micro
techniques (Creighton, 1965).

2.5. Pharmacognostical analysis

Different pharmacognostical parameters (moisture, ash value, ex-
tractive value, etc.) were analyzed according to the standard methods
mentioned in official Pharmacopoeias (API, 2016; IP, 1996).

2.5.1. Preliminary phytochemical screening

The extract was screened for the presence of phyto-constituents
(terpenoids, saponins, tannins, alkaloids, flavonoids, steroids, carbo-
hydrates, glycosides, fats and oils) (Evans, 1997; Khandelwal, 2004;
Mohapatra et al., 2018).

2.5.2. Quantative phyto-chemical analysis

The estimation of total phenolics, flavonoids and saponins content
was done according to the methods described by Siddhuraju et al.,
(2007) (Siddhuraju and Becker, 2007), Zhishen et al., 1999 (Zhishen
et al.,, 1999) and Makkar et al., (2007) (Makkar et al., 2007), re-
spectevly.

2.6. Antioxidant activity

The antioxidant activity of extract was determined by DPPH free
radical scavenging assay, ABTS radical cation decolorization assay,
hydroxyl and superoxide radical scavenging assay, nitric oxide scav-
enging assay, iron chelating activity, and total antioxidant capacity.
All the set of experiments were carried out in triplicates. However, the
measurements of ICsy values were calculated by probit analysis.

The scavenging activity was calculated using the formula

A=A 100 e))
Ao

% scavenging =

where Ay and A are the absorbance of the control and sample, respec-
tively.

2.6.1. DPPH radical scavenging activity

The free radical scavenging potential was calculated by DPPH free
radical assay as described in the literature (Bansal et al., 2011;
Chaudhary et al., 2015). Briefly, 1.0 mL methanolic solution of DPPH
(c = 0.1 mM) was added to 1.0 mL of extract and ascorbic acid at dif-
ferent concentrations. Further, the reaction mixture was kept 20 min
for incubation and the absorbance was observed at 517 nm with
ascorbic acid as positive control. Stronger DPPH radical-scavenging
activity is indicated by a decrease in absorbance of the reaction mix-
ture. Percentage scavenging was calculated by formula (1).

2.6.2. ABTS radical cation decolorization assay

The ABTS free radical scavenging assay was conducted as per pre-
viously described methods (Liu et al., 2015; Stankovi¢ et al., 2016;
Tachakittirungrod et al., 2007). Briefly, ABTS solution (c = 7.0 mM,
1 mL) was mixed with potassium persulfate (c = 2.45 mM, 1 mL) and
incubated for 12-16 h in the dark. This incubation allows to generate
ABTS radical cation. The ABTS™* solution mixtures were diluted with
ethanol until the absorbance appeared as 0.70 + 0.05 at 734 nm.
Then, 50 pL of the diluted sample (different concentration) were
mixed with diluted ABTS* solution mixture (1.9 mL). The final test
mixtures were kept for 6 min at room temperature, followed by mea-
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surements of absorbance at 734 nm (Stankovi¢ et al., 2016). Ascorbic
acid was used as reference standard. Percentage scavenging was cal-
culated by formula (1).

2.6.3. Superoxide radical scavenging activity

Superoxide radical scavenging activity was measured on the basis
of a reduction in the nitro blue tetrazolium (NBT), according to a pre-
viously reported method (Fontana et al., 2001). Superoxide radicals
produced through the non-enzymatic PMS/NADH (phenazine metho-
sulfate-nicotinamide adenine dinucleotide) system, reduced the NBT
to purple formazan (Fontana et al., 2001). 1.0 mL of the reaction mix-
ture (contains 100 pL of NADH, ¢ = 73 pM; 200 pL of NBT,
¢ = 20 mM; 200 pL of PMS, ¢ = 15 pM; 400 pL phosphate buffer at
pH 7.4, and 100 pL of the sample solution with different concentra-
tions) was prepared. Allow the reaction mixture at room temperature
for 5 min. The absorbance was measured at 562 nm against a blank.
Curcumin was used as standard positive control. Formula (1) was
used to calculate the percentage scavenging activity.

2.6.4. Hydroxyl radical scavenging

Hydroxyl radical scavenging assay was performed as described by
Elizabeth and Rao (Kunchandy and Rao, 1990) with a minor modifi-
cation. 1 mL of reaction mixture in phosphate buffer (pH 7.4,
¢ = 20 mM), containing ferric chloride (¢ = 100 puM, 200 pL), EDTA
(c = 100 uM, 200 pL), ascorbic acid (¢ = 100 pM, 100 upL), H,0-
(c = 200 puM, 200 pL) and 2-deoxy-2-ribose (¢ = 2.8 mM, 300 pL)
was prepared. Further, 1 mL of test sample with different concentra-
tion or reference compounds were added into the reaction mixture to
make up the final volume up to 3 mL using DMSO. The mixture was
incubated at 37 °C for 1 h. Then, 1.0 mL of 2.8% TCA was added in
0.5 mL of the reaction mixture followed by the addition of 1.0 mL of
1% aqueous TBA. Again, the mixture was incubated for 15 min at
90 °C. The sample was cooled to the room temperature and ab-
sorbance of blank, test, and reference (catechin) were measured at
532 nm. The scavenging percentage was calculated by formula (1).

2.6.5. Nitric oxide scavenging activity

Nitric oxide scavenging activity was examined by Griess reagent
assay (Garratt, 1976). Shortly, 2.0 mL of 10 mM sodium nitroprusside
was mixed with 0.5 mL of phosphate buffered saline (PBS) (pH 7.4),
and 0.5 mL of different concentrations containing standard/extract so-
lutions. Then, the reaction mixture was incubated for 150 min at
25 °C. After that, 1.0 mL sulphanilic acid reagent was added and al-
lowed to incubate for next 5 min. Then, 1.0 mL of 0.1% naphthyl eth-
ylene diamine dihydrochloride was added and re-incubated for an-
other 30 min. Finally, the absorbance of test and standard were mea-
sure at 540 nm. There was curcumin as a positive control. Formula
(1) was used to calculate the scavenging activity.

2.6.6. Iron chelating activity

The measurement of iron chelating activity was based on chelation
property. In this experiment, 1,10-phenanthroline monohydrate
(0.198 g), hydrochloric acid (2.0 mL, concentration = 1 M), and fer-
ric ammonium sulphate (0.16 g) were dissolved in 100 mL of water
for preparing 1,10-phenanthroline-iron (III) reagent. Briefly, stan-
dard/extracts (0.2 mL), 1,10-phenanthroline-iron (III) reagent
(0.2 mL), methanol (0.6 mL), and water (4.0 mL) were mixed to-
gether. Further, the solutions were allowed to incubate at 50 °C for
30 min. The absorbance was measured at 510 nm against ascorbic
acid as positive control (Besada, 1987; Chaudhary et al., 2015). Per-
centage of scavenging was calculated by formula (1).

2.6.7. Total antioxidant capacity
The measurement of total antioxidant capacity were calculated
through phosphomolybdenum method (Chaudhary et al., 2015; Prieto
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et al., 1999). Concisely, a mixture of standard/extract solution
(0.1 mL) and reagent solution (0.3 mL) (contains 28 mM sodium
phosphate, 0.6 M sulfuric acid, and 4 mM ammonium molybdate,
100 pL each) were prepared. Further, the reaction mixture was incu-
bated at 95 °C for 90 min. After reaction mixture was cooled down to
the room temperature, the absorbance of the test sample was recorded
at 695 nm against blank solution (Chaudhary et al., 2015), and ex-
pressed as ascorbic acid equivalents.

2.7. p-glucuronidase activity

B-glucuronidase inhibition activity was carried out according to
the method described by Kim et al. (1994) with minor modification.
Concisely, B-glucuronidase (2 mg/mL of 0.1 M phosphate buffer at pH
7.0) was incubated for 15 min (at 37 °C). Then, p-nitrophenyl p-
glucuronide (15 mL, contains 3.15 mg/mL in 0.1 M phosphate buffer,
pH 7.0) was added and allowed to incubate for 50 min at 37 °C
(Hazra et al., 2008; Joshi and Sanmuga Priya, 2007). The absorbance
of test sample, blank solution and silymarin were measured at 405 nm
using microplate reader (Molecular Devices, Sunnyvale, USA). . The
percent inhibition was calculated according to equation (1).

2.8. Computational physicochemical and f-glucuronidase activity
prediction

The ADME computations (logP, toxicity, metabolism at CYP450:
3A4, CYP450: 2D6) and the prediction of the p-glucuronidase activity
was carried out using Chemosophia software developed by our labora-
tory team (Potemkin and Grishina, 2018) (www.chemosophia.com).
The program works on the basis of CoMIn algorithm (Potemkin et al.,
2017; Potemkin and Grishina, 2018) and alteQ approach (Potemkin
and Grishina, 2018, 2008). However, TPSA, Lipinski violation
(Lipinski, 2004), numbers of H donor and H acceptor, water solubility
score, GI absorption score, and possibility of metabolism at CYP1A2,
CYP2C19, and CYP2C9 were calculated at Swissadme. ch (Daina et
al., 2017).

2.9. Computational methodology

The computational simulation were carried out on a 4 CPUs (Intel
Core 2 Quad CPU Q9550 @ 2.83 GHz) ACPI x64 workstation with
windows 8.1 operating system. The protein and ligands were prepared
and docked using Auto dock 4.2 software (Morris et al., 2009).

2.9.1. Receptor preparation

The crystal structure of p-glucuronidase with an activity-based
probe (PDB code: 5G0Q) was retrieved from Protein Data Bank
(Berman, 2000) and analyzed with Chimera 1.5.3 software (Pettersen
et al., 2004) for missing atoms and unphysically close contacts. Fur-
ther, the water molecule, cofactor, and ligand (IF6) were removed.
Gasteiger charges were added to each atom, nonpolar hydrogens were
merged, atom types were determined and the structure of the pre-
pared receptor was saved as pdbqt file.

2.9.2. Ligand setup

The structures of known major chemical components of the plant
extract e.g. apigenin, baicalein, chrysin, oroxyline-A, scutellarin, and
tetuin (Fig. 1) were prepared using Marvin Sketch 5.5.0.1 software
(Chemaxon Group, 2011) and built-and-edit module in Open Babel
2.2.3 tool (O'Boyle et al., 2011). MMFF94s force field parameters
were assigned to ligands' atoms and then the energy has been mini-
mized. Gasteiger partial charges were added to the each ligand atoms.
However, non-polar hydrogen atoms were merged and rotatable
bonds defined. The structure of the ligands was saved in pdbqt format
and used as input file for Autodock 4 in the next step.
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2.9.3. Docking methodology

Molecular docking simulations were performed to find optimal po-
sition of the ligand inside catalytic pocket. To achieve realistic results,
flexibility of ligand has to be accounted. For the ligand's conforma-
tional search, LGA was applied with the mutation rate of 0.02, the
crossover rate of 0.80 and the starting population of 150 individuals.
Initial position, their orientation, and torsions were set randomly. The
docking simulations were performed by ligand Fit protocol of Auto
dock 4.2 software (Trott and Olson, 2009). Grid box size of
60 A x 60 A x 60 A with 0.375 A spacing was generated using the
Autogrid module and was centered at the center of the mass of the IF6
inhibitor bounded to the hydrolase (complex 5G0Q). Each of the
docking experiment was derived from 100 different runs and set to
terminate after a maximum of 250,000 energy evaluations. The lig-
and-receptor complexes of the lowest free energy of binding are saved
and the interaction patterns between ligand and receptor are ana-
lyzed.

3. Results and discussion
3.1. Macroscopic features

The stem bark is 0.3-1.0 cm thick, curved, with outer surface be-
ing rough, warty owing lenticels, black or buff-whitish in color. The
black or dark green in color filaments attached on the outer surface.
Inner surface is light yellow, longitudinally striated, odorless. The
taste is mild sweet and astringent. However, the fracture is coarse and
medium.

3.2. Microscopic features

The TS of the stem bark consists 12-15 layered cork cells with
170-185 pm thickness. The corks cells are radially arranged with lig-
nified stone cells. Just below the cork, 3-4 layered cambiums are
showed, with thickness between 20 and 25 pm. The bark contains
285-380 pm thickened narrow phelloderm, fiber region and stone
cells. The size of stone cells appears smaller and is connected to
phloem region. However, the remaining bark section is composed of
secondary phloem. The phloem is alienated into outer and inner re-
gion. In outer phloem, groups of stone cells and few fibers are present.
Inner phloem has more fibers and less stones cells, opposite to outer
phloem. The inner phloem region also contains ceratenchyma. The
majority of the parenchymatous tissues are encapsulated with brown-
ish-black matter. The stem bark consists multiseriate heterogenous
much smaller medullary rays (up to 5 pm in diameter) in the sec-
ondary phloem region. Some acicular crystals are surrounded in
parenchymatous tissues of phloem and medullary rays.

3.3. Pharmacognostical analysis

Moisture, ash value, extractive value and other pharmacognostical
parameters are presented in Table 1. The values were found within
the mentioned limits of Ayurvedic Pharmacopoeia of India and Indian
Pharmacopoeia (API, 2016; IP, 1996).

3.3.1. Phytochemical screening

Phytochemical screening results demonstrated the presence of car-
bohydrates, coumarin, flavonoids, fixed oil, glycoside, saponins and
tannins in the stem bark of O. indicum (Table 2). In brief, the ferric
chloride test showed a strong presence of phenols. The lead acetate
test proved the presence of tannins in the ethanolic extract of stem
bark of O. indicum. Further, the Shinoda test and foam test were posi-
tive, which confirms the presence of flavonoids and saponins. Chaud-
hary and his coworkers (Chaudhary et al., 2015) illustrated that phe-
nols and its derivatives consists prominent antioxidant activity due to
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Table 1
The pharmacognostical analysis results of stem bark of Oroxylum indicum.

Parameter Value?® (%)
Ash Values

Total ash 17.15 = 3.80
Acid-insoluble ash 2.25 = 0.75
Water-soluble ash 3.62 = 1.25
Sulphated ash 17.25 = 2.60
Extractive Values

Alcohol soluble 19.15 = 0.65
Water soluble 28.32 = 1.50
Loss on drying 14.62 = 0.82
Crude fiber content 24.95 * 0.40

@ Average of three readings.

Table 2
The results of qualitative phytochemical screening of stem bark of Oroxylum
indicum.

Test Result

Alkaloid -
Amino acid
Carbohydrate
Coumarin
Flavonoid
Fixed oil
Glycoside
Gum/Mucilage
Saponin +
Sterol -
Tannin +
Terpenoid -
Phenols +

+ o+ + o+

their ideal structural chemistry for free-radical scavenging activity.
They can also serve as reducing agents and free radical quenchers be-
cause of their participation as electron or hydrogen donor to free radi-
cals. The quantative assay displayed that the plant extract contains
enriched phenolic content (182.5 pg/GAE of plant extract). The total
flavonoids content was calculated using a standard linear calibration
curve of quercetin (R2 = 0.999) applying the aluminum chloride

Table 3
The results of quantative phytochemical screening of stem bark of Oroxylum
indicum.

Test Concentration *
Flavonoid 155.2 pg/QE
Phenol 182.5 pg/GAE
Saponin 110 pg/DE

2 ug/QE (pg/quercetin equivalent); pg/GAE (pg/gallic acid equivalent); pg/
DE (pg/diosgenin equivalent).

Table 4
Antioxidant activity of stem bark of Oroxylum indicum.
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method. It turned out that flavonoids dominate over other natural
phenolics compounds. The ethanolic extract showed the highest quan-
tity of flavonoids (155.2 pg/QE in mg of plant extract). As a part of
comparative study with other research work (Chaudhary et al., 2015),
we found that methanolic extract of Nardostachys jatamansi root
showed 1.11 = 0.04 mg QE/g of total flavonoids and also holds ex-
cellent antioxidant properties. Therefore, it can concluded that our se-
lected plant O. indicum ethanolic stem bark extract certainly contains
excellent free radical scavenging and antioxidant properties. The
quantitative estimation of saponins is done by vanillin-sulfuric acid
reagent and the total saponins were determined using a linear calibra-
tion curve of diosgenin (R2 = 0.999). The extract has enrich amount
of saponins (110 pg/DE in mg of plant extract) (Lim et al., 2020). The
quantative estimation is summarized in Table 3.

3.3.2. Antioxidant activity

Several studies suggested (Seitz and Stickel, 2006; Troll, 1985;
Vanden Berghe, 2012) that reactive oxygen (ROS) or nitrogen species
mediated pathways have a well-documented function in many ail-
ments including hepatic system inflammation. In the initial phase of
liver or other cancer, ROS and free radical interact directly with DNA
and stimulate the process of cell growth and differentiation (Seitz and
Stickel, 2006; Troll, 1985; Vanden Berghe, 2012). It is already proven
that in the liver inflammation, significant amount of free radicals
were produced and increase the oxidative stress (Seitz and Stickel,
2006; Troll, 1985; Vanden Berghe, 2012). Therefore, free radical scav-
enging potential of any drug or formulation can be considered as ef-
fective and adjuvant in the treatment of liver related disease (Seitz
and Stickel, 2006; Troll, 1985; Vanden Berghe, 2012). We evaluated
the free radical scavenging activity of the plant extract because this
would further act as adjuvant in the hepatoprotective activity. The re-
sults are illustrated in Table 4 and Fig. 2.

3.3.2.1. In vitro free radical scavenging activity. The stem bark extract
of O. indicum showed dose-dependent scavenging activity against
DPPH free radical, ABTS radical cation decolorization, superoxide
radical, and hydroxyl radical.

In the present study, the ethanolic extract of stem bark of O. in-
dicum showed 50% DPPH inhibitory scavenging at 149.97 = 1.10 pg/
mL. However, the standard drug, L-ascorbic acid displayed ICsq at 20
times lower concentration, 7.12 * 0.31 pg/mL. The previous studies
(Fernando and Soysa, 2014; Mishra et al., 2009) related to hepatopro-
tective activity through oxidative stress of Atalantia ceylanica and
Murraya koenigii, showed the 50% DPPH scavenging at 187 pg/mL
and 131.2 pg/mL, respectively. The comparison analysis illustrated
that hot ethanolic extraction of O. indicum stem bark has stronger
DPPH scavenger potency than methanolic leaf extract of Atalantia cey-
lanica and slightly lower DPPH antioxidant property than Murraya
koenigii alcoholic leaf extract. Thus, we can consider that O. indicum
have comparable DPPH scavenging potency as compare to other tradi-
tionally used hepatoprotective plants, such as A. ceylanica.

Name DPPH ABTS Superoxide radical Hydroxyl radical Nitric oxide Iron chelating Total antioxidant capacity
scavenging scavenging scavenging scavenging scavenging activity
1Cs value 1Cs value 1Csp value (pg/mL) ICsp value (ug/mL) ICs value (pg/mL)  ICsq value (pg ascorbic acid eq/mg
(pg/mL) (pg/mL) (pg/mL) extract)

Oroxylum 149.97 + 1.10° 80.10 + 0.90" 139.10 + 1.80° 34.20 + 1.75° 136.80 + 4.20° 44.10 + 0.25° 170.70 + 1.50°

indicum

Ascorbic acid  7.82 + 0.36 2.62 + 0.50 - - - 1.19 = 0.01 -

Curcumin - - 17.60 + 0.80 - 23.10 £ 1.10 - -

Catechin - - 25.85 + 1.05 - - -

All the values are expressed as mean = SEM (n = 3).
b Significant difference (P < 0.05) (Dunnet’s t-test) as compare to standards.
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Fig. 2. The antioxidant activity of ethanol extracts stem bark of Oroxylum in-
dicum.

Furthermore, the ethanolic extract of O. indicum stem bark and
ascorbic acid displayed ICsy at 80.10 * 0.90 pg/mL and
2.62 *+ 0.50 pg/mlL, respectively in ABTS* scavenging assay. Vikas
and his team (Vikas et al., 2017) highlighted that the seed of Annona
squamosa showed half of inhibitory potential at 94.2 = 0.9 pg/mL
against ABTS' scavenging assay and was used in several disease.
ABTS™ scavenging potential assessment of O. indicum bark was found
more significant as compare to seed extract of Annona squamosa,
which also shows the good sign for prominent role in reducing oxida-
tive stress.

The next analysis was focused on the measurement superoxide
radical scavenging. The extract and standard curcumin showed ICsq at
139.10 * 1.80 pg/mL and 17.60 + 0.80 pg/mL, respectively. For the
evaluation superoxide radical scavenging capacity of tested extract,
we compare the result with study related to hepatoprotective plants
(Vikas et al., 2017). We found that the tested bark extract possess
lower superoxide radical scavenging ability than methanolic extract of
Annona squamosa.

The subsequent step towards antioxidant capacity measurement
was based on hydroxyl radical scavenging assay. The ethanolic extract
of O. indicum bark and catechin showed hydroxyl radical scavenging
activity at ICsg = 34.20 = 1.75 pg/mL and 25.85 = 1.05 pg/mlL, re-
spectively. We compared the hydroxyl radical scavenging activity of
ethanolic extract of O. indicum stem bark with methanolic leaves ex-
tract Citrus aurantium (Suzuki et al., 2005) and Ruta graveolens (Freire
et al., 2010). Both plants, Citrus aurantium and Ruta graveolens are re-
ported as hepatoprotective, with ICsy values 160.1 pg/mL and
96.8 pg/mL, respectively. The results significantly designate that the
O. indicum is capable of protecting deoxyribose in the presence of hy-
droxyl radicals (Fernando and Soysa, 2014). Therefore, based on the
presented results and comparison with similar studies, we can con-
clude that ethanolic extract of O. indicum has a greater potential for
scavenging DPPH, hydroxyl, and ABTS* free radicals.

3.3.2.2. Nitric oxide scavenging activity. Nitric oxide acts as a signifi-
cant player in numerous inflammatory diseases. The elevation of NO
concentration level is noticed in inflammation and other related dis-
ease (Malinski, 2007). Biochemically, in aerobic condition nitric oxide
reacts with oxygen and produce peroxy-nitrite anion, which act as
strong oxidant. The studies showed that nitric oxide does not involve
directly in to any interaction with macromolecules of biological sys-
tem but peroxy-nitrite anion participates in rising some adverse ef-
fects like DNA impairment, cell damage and neuronal cell death. Fur-
thermore, the biochemical studies revealed that at physiological pH,
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sodium nitroprusside interacts with oxygen atom and produces nitrite
ions (Malinski, 2007). Recently, these nitrite ions showed diazotiza-
tion of sulphanilamide, followed by azo-dye formation (Fernando and
Soysa, 2014; Malinski, 2007). In our present research, we tested the
nitric oxide scavenging activity of ethanolic extract of O. indicum. The
experiment was based on the production of nitric oxide using Griess
reagent. The result was found very promising and showed that the
plant extract have tendency to lower the production of NO in a dose-
dependent manner. The ICsq of extract and standard curcumin were
estimated at 136.80 = 4.20 pg/mL and 23.10 *+ 1.10 pg/mL respec-
tively. It was demonstrated that Atalantia ceylanica leaves extract have
potent activity against liver disease, with ICsy = 263.5 + 28.3 pg/mL
against NO radicals production (Fernando and Soysa, 2014). Our stem
bark extract of O. indicum has greater NO radicals scavenging poten-
tial compared to Atalantia ceylanica leaves extract.

3.3.2.3. Iron chelation activity. Iron ions are acknowledged for the in-
terchange of less reactive class like lipid peroxides or H,O, to more
reactive ones such as peroxyl, alkoxyl, or hydroxyl radicals. The dis-
charge of iron ion via the cellular deterioration can speed up oxida-
tive damage. Therefore, in the FRP assay, the electron-donating po-
tential of any sample is measured and the compounds with higher
iron chelating capacity are considered as potent antioxidants
(Halliwell, 2009). The measurement of potency is expressed in term of
ICso (pg/mL). The tested extract displayed 50% inhibition (ICsq) at
44.10 = 0.25 pg/mL. The reference compound ascorbic acid showed
the 50% inhibition (ICsq) at 1.19 = 0.01 pg/mL. The study related to
another hepato-protective plant Atalantia ceylanica leaves extract re-
ported ICsq at 87.70 = 6.06 pg/mL (Fernando and Soysa, 2014). The
comparative analysis showed that ethanolic extract of stem bark of O.
indicum have higher chelate formation property.

3.3.2.4. Total antioxidant activity. The measurement of total antioxi-
dant capacity of extract/fractions were analyzed by the phospho-
molybdenum complex formation. The stem bark extract of O. indicum
showed the antioxidant capacity equal to 170.70 + 1.50 AAE/mg ex-
tract (Table 4). The result confirmed that the ethanolic stem bark ex-
tract of O. indicum have significant antioxidant capacity. Therefore, it
can act as a key factor in the reduction of oxidative stress and pro-
mote the repairing of liver cells.

3.4. p-glucuronidase activity

The plant ethanolic extract was evaluated for p-glucuronidase ac-
tivity. The assay showed that the tested plant extract have mild to
moderate p-glucuronidase enzyme inhibition potency. All the data re-
lated with % inhibition and ICsg are collected in Table 5 and Fig. 3
Succinctly, at 50 pg/mL concentration the plant extract shows
42.05 = 1.15% enzyme inhibition. However, increasing the extract

Table 5
pB-glucuronidase activity of stem bark of Oroxylum indicum.

Name Concentration (pg/mL) % Inhibition ? ICso (pg/mL)
Oroxylum indicum 50 42.05 + 1.15>  174.36
100 47.01 + 1.49°
200 52.13 + 4.42
400 62.20 + 1.72°"
600 71.14 + 3.06
silymarin 50 8.18 = 5.20 222.57
100 21.93 * 2.00
200 48.24 + 4.24
300 66.26 + 1.38
400 88.12 + 1.70

a All the values are expressed as mean = SEM (n = 3).
b p > 0.05 (significant), with silymarin (Dunnet’s t-test).
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Fig. 3. The p-glucuronidase activity of stem bark of Oroxylum indicum and
standard drug silymarin.

dose to 100 pg/mL showed only a slight improvement of the in-
hibitory response (47.01 * 1.49%). Further, at 200 pg/mL and
400 pg/mL concentration the percentage inhibition increased from
52.13 + 4.42 to 62.20 *+ 1.72%, respectively. The comparison with
the standard drug silymarin revealed that stem bark extract of O. in-
dicum exhibits higher activity up to 200 pg/mL concentration. How-
ever, at 400 pg/mL concentration, the inhibition potency of the plant
extract is found slightly lower as compared to silymarin. Ethanolic ex-
tract of O. indicum stem bark and silymarin showed ICsy at 174.36 pg/
mL and 222.57 pg/mL, respectively. In other study, Joshi and Priya in
2007 (Joshi and Sanmuga Priya, 2007), evaluated the B-glucuronidase
inhibitor potency of different fractional extracts of Phyllanthus amarus
leaves. We compared f-glucuronidase inhibition potential of O. in-
dicum with the result of Phyllanthus amarus. It was found that HO and
50% MeOH extracts of leaves of Phyllanthus amarus displayed ICsq at
139.15 and 218.85 pg/mlL, respectively. Results for O. indium extract
show slightly lower p-glucuronidase inhibitor potency as compared to
50% MeOH extract of leaves of Phyllanthus amarus, but are found
comparable active as aqueous extract. Individually, O. indicum extract
does not shows significant p-glucuronidase inhibition potency, but it
acts as potent antioxidant. This additional feature makes the plant ex-
tract more valuable and can promote in synergizing the liver protec-
tive nature. To conclude experimental part, the stem bark of O. in-
dicum may be welcomed alternative in the treatment of various liver
alignments and complications.

3.5. Computational ADME prognosis and f-glucuronidase activity
prediction

The ADME profile has an immense role in drug discovery and de-
velopment. Whenever any study or selection of drugs is performed,
scientists always try to minimize adverse effects of the drugs by opti-
mizing ADME profile. The current part of our work explored ADME
profile of major phyto-constituents identified from O. indicum. The

Table 6
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physicochemical and ADME prognosis results are presented in Table
6. They show that all of the identified phyto-compounds have optimal
logP value (less than 5) and low to ideal TPSA value (in the range be-
tween 70.67 and 207.35). These two characteristics make all the se-
lected compounds very interesting. Baicalein, chrysin, oroxyline-A,
and apigenin completely followed the Lipinski's rule of five. However,
the phyto-compounds tetuin and scutellarin shown deviation from
Lipinski's rule of five in term of the number of the H donor and accep-
tor and need to be optimized, if synthetic modifications will be per-
formed in future. All the tested herbo-compounds, except tetuin and
scutellarin, show higher rate of GI absorption. However, only chrysin
have tendency to cross blood brain barrier and it can produce some
adverse psychological response. Therefore, the use of chrysin as single
medicament needs great attention or precaution. The combined sum-
mary based on GI absorption and BBB permeability study concise that
baicalein, oroxyline-A and apigenin are the best choice for provoking
the biological response. The metabolism study revealed that com-
pounds have moderate to higher metabolic possibility (score of
0.8412-0.9974) on the site of cytochrome P450-3A4. Whereas, tetuin
(score of 0.2170), scutellarin (score of 0.0508), apigenin (score of
0.6838) have minimal metabolic ability on the site of cytochrome
P450-2D6. The toxicity predication stated that all the compounds are
non- or moderately toxic, with scores within 0.00-0.69 range. Thus,
this can propound that the compounds (except than chrysin) are safer
and permissible for further study. The computational activity predica-
tion for glucosidase inhibition expressed that selected phyto-
compounds have mild to moderate potency. It may be that individu-
ally these compounds have not any prominent effect, but an extract of
whole bark can demonstrate synergistic effect.

3.6. Molecular docking study

Molecular docking simulations were performed with two main
goals in mind. First, we wanted to explore the possibility of binding of
series of isolated phyto-compounds (Yadav et al., 2013) to the cat-
alytic pocket of the p-glucuronidase. In the case of positive outcome,
we are interested in the intermolecular nonbonding interaction net-
work, responsible for successful binding. Results (Table 4 and Fig. 4)
are compared relative to the docked structure of the IF6 inhibitor, for
which experimentally determined structure is known (PDB code
5G0Q). Although the molecular docking is not the method of choice
for the precise evaluation of binding energies, we compare binding
energies relative to the IF6 inhibitor, so errors introduced for all com-
plexes are similar. In the crystal structure, IF6 inhibitor is covalently
bound via C1 to the enzyme's GLU287 residue in a *C; conformation
(Wu et al., 2017). In the docked pose, 3, 4, 5, 6 — tetrakis (oxidanyl)
cyclohexane — 1 — carboxylic acid moiety occupies the same space in
the catalytic pocket and can form the same hydrogen bond pattern
(Gln 293, Gly 294, Tyr334) as in the crystal structure. Since it is fa-
vorably oriented as in covalently bound complex, we can conclude
that the docking identified correct pose. The difference is more pro-
nounced for the 8-azidooctyl tail, which is flexible and has higher
conformational space to explore within the pocket.

All studied phyto-compounds have similar binding potential as
IF6. Due to a standard error of the docking experiments of

Physiochemical properties (ADME) and predicted glucosidase activity score of selected phyto-compounds identified from the stem bark of O. indicum.*

compound logP Lip. vio H don. H acc. GI Abs BBP P450-3A4 P450-2D6 TPSA Tox Ph Score
tetuin 2.52 1 6 10 Low 0.8412 0.2170 170.05 0.00 0.1928
scutellarin 3.17 2 7 12 Low 0.9846 0.0508 207.35 0.00 0.4005
baicalein 2.60 0 3 5 High 0.9974 0.8561 90.90 0.43 0.5230
chrysin 1.80 0 2 4 High Yes 0.9875 0.7504 70.67 0.69 0.2606
oroxyline-A 1.66 0 2 5 High 0.9974 0.7494 79.90 0.42 0.4791
apigenin 1.62 0 3 5 High 0.9967 0.6838 90.90 0.47 0.1098
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2.85 kcal mol~!, (Trott and Olson, 2009). It is hard to pinpoint to a
single molecule as a potential hit when docking scores are similar.
Nevertheless, scutellarin has the highest potential to bind to the active
site of the p-glucuronidase better then reference inhibitor IF6. Tetuin
forms four hydrogen bonds with the receptor and the binding energy
of tetuin is practically the same as of the IF6 inhibitor that establishes
six H-bonds. Three hydroxyl functional groups attached to the pyran
ring form strong H-bond, according to the classification made by
Rozas (2007). Two out of three OH groups are at the same time H-
bond acceptors, with side chain of ASP175 and nitrogen (ALA218)
from the peptide bond being the hydrogen donors. On the other hand,
scutellarin, a phyto-compound showing the highest potential for bind-
ing to the p-glucuronidase, forms only three strong hydrogen bridges
and the ligand is in the role of hydrogen donor. It is interesting that
its proposed mechanism of action, based on the docked position,
would be different from the one of IF6. Since scutellarin is positioned
in the narrow groove of the catalytic pocket, completely blocking the
access to the enzyme nucleophile GLU287, we expect it will disable
the binding of the substrate to the active place. Hopefully, our work
will motivate scientific community to investigate the proposed mecha-
nism.

The careful analysis of the non-bonded interaction showed that the
common feature of the entire set is the prominent tendency towards
formation of the aromatic interactions. The chromene, phenyl ring
and its substituent's form a variety of aromatic interaction in different
geometrical arrangements. Two kinds of H-aromatic interactions, H-
heteroatom and/or H-alkyl, contribute to the overall stability of the
complexes of apigenin, chrysin, oroxyline-A, scutellarin and tetuin
with the receptor. Additional positive contribution are introduced by
parallel offset and perpendicular T-shaped aromatic interactions of
the side chains of the residues TYR243 and TYR292 with chromene
based moiety of the ligand. From Table 7 it is obvious that the num-
ber of the hydrogen bonds and aromatic interaction itself cannot be
correlated with the binding energies, but the hydrophobic interactions
and the strength of the interactions has to be accounted. This kind of
investigation exceeds the scope of the present work.

4. Conclusion

Our results suggest that Oroxylum indicum may serve as an excep-
tional lead for the development of hepatoprotective medicaments. The
plant attributed a potent radical scavenging capacity, which provide
an additional scope to the study. Furthermore, the ADME study re-
vealed that all the major phyto-constituents of the plant have optimal
logP value, GI absorption, blood brain barer permeability, toxicity
score, metabolic profile, and total polar surface area (except fewer de-
viations). The overall ADME study presents that the plant extract can
transport through physiological barriers. In-vitro activity assay con-
firms that the plant extract have prominent dose dependent inhibitory
response against p-glucuronidase. The docking studies confirmed that
selected set of major phyto-compounds have capability to interact
with B-glucuronidase proteins. Combining results of this interdiscipli-
nary study, it is justified to suggest the formulation of Oroxylum in-
dicum bark to be utilized as natural medicine in the treatment of vari-
ous liver diseases. In addition, our research elucidates mechanisms of
action against hepatic inflammation and is currently being studied in
our laboratory to identify active components.

Statistical analysis
The data are expressed as mean + standard error of mean (SEM)

for each group. Statistical analysis was done using GraphPad Prism
version 8.0 software.(GraphPad software, 2019).
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Table 7

The analysis of the interactions patterns inside the active site of the f-
glucuronidase receptor (PDB: 5G0Q) for docked phyto-compounds. See text
for the computational details.

compound H-bond (bond length in A) aromatic relative binding
interactions energy
(kcal/mol)
(bond length in A)

tetuin tetrahydro-2H-pyran ring chromene~GLU173 -0.01

OH~ASP175 (1.72, 1.93, 2.04) (3.62)
tetrahydro- 2H-pyran ring chromene~TYR234
OH~ALA218 (2.68%) (4.81)
chromene~TYR292
(5.07, 5.63)
phenyl~GLU287
(3.51)
phenyl~TYR243
(5.51)
scutellarin ~ phenol~LYS106 (1.97) chromene~TYR292 -2.23
chromene OH~GLU173 (2.10) (5.11)
1 ring OH~ASP175(2.20) chromene~TYR243
1 ring OH~ASN220(2.81%) (5.22)
baicalein chromene C=—=0~GLY294 phenyl~TYR292 -0.03
(3.15%) 3.749)
chromene C=—=0-GLN293 chromene~TYR243
(3.08%) (4.90)
chromene OH~ASP105 (2.07)
chromene OH---HIS327
(3.03%)
chromene OH~ASN172 (2.20)
chromene OH~GLU45 (1.70)
chromene OH~GLU287 (2.28)
chrysin chromene OH~TYR334 (2.97* chromene~GLN293 —0.47
chromene OH~ASP105 (2.29)  (3.68)
chromene OH~ASN80 (2.92*%)  chromene~GLU173
(3.46)
chromene~GLU287
(4.73, 4.91)
chromene~TYR243
(4.89, 5.35)
phenyl~ALA218
(5.26)
oroxyline-A chromene O-+ASN80 (3.10%) phenyl~GLU287 +0.03
chromene OH~LYS106 (2.15) (2.85)
chromene -0---GLN293 (3.10*) chromene~GLU173
(3.76)
apigenine  phenyl OH~TYR243 (2.24) chromene~GLU173 -0.74
phenyl OH---HIS241 (2.43) (3.45)
2ring OH~ASNS80 (2.93%) chromene~GLU287
2ring OH~TYR334 (2.99%) (4.74, 4.93)
2ring OH~ASP105 (2.31) chromene~TYR243
(4.91, 5.38)
phenyl+~ALA218
(5.28)
IF6 OH~ASN8O0 (1.95, 2.96*) - 0.00

OH-~GLU45 (1.87)
C=0-ASP105 (1.94)
C=0(OH)GLN293 (2.56)
(C=0)OH~ASP8105 (1.94)
C=0+TYR334 (2.14)
C=0-GLY294 (2.73%)
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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Peedantak Vati (PV) is a polyherbal ayurvedic formulation, which is regularly
Peedantak Vati prescribed by the ayurvedic practitioner for the inflammatory disorders and joints pain in India. It is composed
Inflammation of 23 different herbs and minerals, described in ayurvedic text for their anti-inflammatory and analgesic
Analgesic properties.

E?;?laoxi de Aim of the study: To investigate anti-inflammatory and anti-nociceptive potential of ‘Peedantak Vati’ using in
RAW264.7 vitro and in vivo methods.

THP-1 Materials and methods: In-vitro anti-inflammatory activity of PV was studied by estimating nitric oxide (NO) and
HPLC LPS-induced pro-inflammatory cytokines IL-6 and TNF-a, using murine macrophage RAW264.7 and human
HPTLC monocyte THP-1 cell lines. PV's anti-inflammatory potential was studied in vivo using carrageenan-induced rat
LC-MS/MS paw edema model. Similarly, anti-nociceptive property of PV was evaluated using hot plate, tail flick, formalin

and writhing tests on CD-1 mice. Phytochemical profiling of hydro-alcoholic extract of PV was done using HPLC
and HPTLC techniques to identify different marker compounds. These identified marker compounds were
confirmed using LC-MS/MS analysis.

Results: In vitro results strongly suggest that, PV significantly (p < 0.001) inhibited NO release and LPS-sti-
mulated pro-inflammatory cytokines IL-6 and TNF-a, in murine RAW264.7 and human THP-1 cells. Further, PV
demonstrated significant (p < 0.05) anti-inflammatory activity at different time points after carrageenan in-
jection with maximum effect at 2h (40.4 £ 5.2% at 400 mg/kg). Similarly, PV significantly (p < 0.05) de-
creased nociceptive pain, studied using hot plate, tail flick, formalin and writhing tests. Moreover, HPLC and
HPTLC methods were developed for the standardization of PV. Five marker phytocompounds viz. rutin, caffeic
acid, colchicine, withaferin A and curcumin were identified and quantified by HPLC and HPTLC methods. The
presence of these phytoconstituents was confirmed by LC-MS/MS analysis.

Conclusion: The findings of the study strongly suggest that, the polyherbal ayurvedic formulation ‘Peedantak
Vati’ possesses remarkable anti-inflammatory and analgesic property, providing potent alternative for currently
available allopathic medicines such as non steroidal anti-inflammatory drugs (NSAIDs).

Abbreviations: NO, Nitric oxide; TNF-a, Tumor necrosis factor-a; IL-6, Interleukins-6; IL-1f, Interleukins-1beta; PGs, Prostaglandins; COX, Cyclooxygenase; LPS,
lipopolysaccharides; ELISA, Enzyme-linked immunosorbent assay; MTT, (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide); DMEM, Dulbecco's
Modified Eagle Medium; RPMI, Roswell Park Memorial Institute 1640 Medium; FBS, Fetal Bovine Serum; PMA, Phorbol 12-myristate 13-acetate; NSAIDs, Non
steroidal anti-inflammatory drugs; PV, Peedantak Vati; CPCSEA, Committee for the Purpose of Control And Supervision of Experiments on Animals; IAEC,
Institutional Animal Ethical Committee; AYUSH, Ministry of Ayurveda, Yoga & Naturopathy, Unani, Siddha and Homoeopathy; ANOVA, A one-way analysis of
variance; TED, Therapeutic equivalent dose; HD, High dose; MPE, maximum possible effect; LT, Latency time; INDO, Indomethacin; NC, normal control; HPLC, High
Performance Liquid Chromatography; LOD, Limit of detections; LOQ, Limit of quantification; HPTLC, High-Performance Thin-Layer Chromatography, Liquid
chromatography-mass spectrometry; API, The Ayurvedic Pharmacopoeia of India; AFI, Ayurvedic Formulary of India; LC-MS/MS, Liquid chromatography-tandem
mass spectrometry; ICP-MS, Inductively coupled plasma mass spectrometry
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1. Introduction

Inflammation is one of the first protective responses of immune
system to infection or cellular damages. This response can be against
foreign pathogens, irritation as well as disorder or diseases like auto-
immune or neurodegenerative diseases. It is a self-defense mechanism,
characterized by redness, pain, swelling and a sensation of heat. The
inflammatory responses play an important role in host survival al-
though it can also lead to pathogenesis of many diseases such as cancer,
rheumatoid arthritis, cardiovascular dysfunction (Grivennikov et al.,
2010; Skeoch and Bruce, 2015; Libby, 2006) etc.

Inflammation is the complex biological response of vascular tissue
to harmful stimuli including pathogens, irritants, or damage cells,
which leads to influx of neutrophils resulting in activation of macro-
phages (Schett et al., 2013; MacMicking et al., 1997). This causes re-
lease of various inflammatory mediators such as NO, pro-inflammatory
cytokines including TNF-a, interleukins (IL-6, IL-1p), prostaglandins
(PGs) (MacMicking et al., 1997; Zelova and Hosek, 2013; Tanaka et al.,
2014) etc. NO is a central inflammatory mediator which is produced by
nitric oxide synthetase from r-arginine in response to inflammatory
stimuli. Increased NO level is one of the well known causative agent of
inflammatory disorders such as rheumatoid arthritis (RA) and ulcera-
tive colitis (Wright et al., 2014). NO and PGs are widely known to act as
secondary mediators of pro-inflammatory cytokines TNF-a and IL-6
(Skelly et al., 2013).

In most cases pain is associated with inflammation, regardless of
cause behind inflammation. Now it is well understood and defined
mechanism supported by scientific evidences that relief from pain is
caused by alleviation of inflammation (Cooper et al., 2017). Most of
anti-inflammatory drugs, particularly NSAIDs primarily act by in-
hibiting the production of PGs, thus interfering with inflammatory
cascade (Ricciotti and FitzGerald, 2011). However, regular use of these
medicine causes severe side effects including inflammation of gastro-
intestinal tract, renal failure and liver toxicity (Harirforoosh et al.,
2013).

Due to these severe side effects, in recent times interest in tradi-
tional medicine is rising. In this scenario, use of plant derived products
to treat inflammation and related condition becomes viable and valid
approach. It has been observed that, isolated molecule(s) from the plant
fail to illicit desired therapeutic effect in comparison to whole plant
extract (Kunnumakkara et al., 2017). Moreover, according to the Indian
traditional medicine system, a combination of substances such as
polyherbal formulations is used to enhance the desired activity and
eliminate unwanted side effects (Kono et al., 2015; Rasoanaivo et al.,
2011; Zhou et al., 2016).

Peedantak Vati is one of the polyherbal ayurvedic formulation used
by Indian population to treat pain and inflammatory disorders. The
traditional name ‘Peedantak’ is composed of two words; ‘peeda’ (pain)
and ‘antak’ (ending), altogether ‘pain ending’. The formulation is
composed of 23 different plants and minerals as shown in Table 1. All of
its components have detailed individually in the literature of Indian
Traditional Medicine such as Charak Samhita (Trikamji, 2007), The
Ayurvedic Pharmacopoeia of India et al. (2008), The Unani
Pharmacopoeia of India (2007) and The Ayurvedic Formulary of India
(2003) about its anti-inflammatory and pain relieving effects. Further-
more, all these plants viz. Commiphora wightii (Arn.) Bhand (Shishodia
et al., 2008), Colchicum luteum Baker (Nair et al., 2012), Withania
somnifera (L.) Dunal (Gupta and Singh, 2014; Orru et al., 2016),
Strychnos nux vomica L. (Chen et al., 2012), Cyperus rotundus L. (Dang
et al., 2011), Pluchea lanceolata (DC.) C.B. Clarke (Srivastava et al.,
2014), Vitex negundo L. (Dharmasiri et al., 2003), Boerhavia diffusa L.
(Bairwa and Jachak, 2015; Hiruma-Lima et al., 2000), Trigonella
foenum-graecum L. (Bae et al., 2012), Operculina turpethum (L.) Silva
Manso (Aggarwal et al., 2011), Asparagus racemosus Willd. (Tiwari
et al., 2017), Cissus quadrangularis L. (Bhujade et al., 2012), Curcuma
longa L. (Lee et al., 2013), Zingiber officinale Roscoe (Ojewole, 2006),
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Picrorhiza kurroa Royle ex Benth (Kumar et al., 2016), Trachyspermum
ammi (L.) Sprague (Bairwa et al., 2012), Tinospora cordifolia (Willd)
Miers (Patgiri et al., 2014), Dashmool (Grampurohit et al., 1992; Gupta
et al., 1089) have been reported for the anti-inflammatory and/or an-
algesic potential and/or their beneficial effects on inflammatory dis-
orders in peer reviewed journals.

Though PV formulation has been prescribed by ayurvedic practi-
tioner for the treatment of inflammatory disorders, its scientific vali-
dation for anti-inflammatory and anti-nociceptive effect has never been
explored so far. Keeping this in view, present study was designed to
explore PV's anti-inflammatory and anti-nociceptive effects using in
vitro and in vivo methods. In addition, chemical fingerprinting of PV was
done using different chromatographic techniques viz. HPLC, HPTLC
and LC-MS/MS.

2. Materials and methods
2.1. Chemicals and reagents

Cell culture reagents viz. DMEM, RPMI, FBS, antibiotic/antimycotic
and their supplements were purchased from Gibco, USA. Bacterial
origin endotoxin LPS (0111:B4) Griess reagent, MTT, PMA, A-carra-
geenan, Indomethacin and standard compounds (> 95% by HPLC)
such as berberine, rutin, caffeic acid, colchicine, cinnamic acid, quer-
cetin, withaferin A, withanolide A and as curcumin were purchased
from Sigma-Aldrich (St. Louis, MO, USA). ELISA reagents and kits (TNF-
a, IL-6) were purchased from BD Biosciences. Tramadol hydrochloride
(Tramacad, Cadila Pharmaceuticals) injection and sodium chloride in-
jection L.P. 0.9% w/v (Infutec Healthcare Ltd) were procured from the
local market. Analytical grade toluene, ethyl acetate, formic acid,
chloroform, ethanol, diethyl ether, HPLC grade acetonitrile, methanol,
and concentrated sulphuric acid, concentrated nitric acid were pur-
chased from Merck India Ltd. Precoated TLC aluminum sheets silica gel
60F554 (10 X 10 cm, 0.2 mm thick) were obtained from E. Merck Ltd,
India. All other chemicals and reagents were of the highest commercial
grade.

2.2. Preparation of extract

About 20 g of PV formulation (Batch no. PTV203) was powdered
and refluxed for 6 h at 88°C in 300 mL of 70% ethanol. The solution
was filtered through Whatman filter paper no 41 to remove the parti-
culate matter and filtrate was evaporated dry at 45 °C under reduced
pressure in rotary film evaporator. The final dried sample was weighed
(3.12 g; extraction yield: 15.60% w/w) and stored under vacuum in the
desiccators for further in vitro experiments and chromatographic
method development.

The powdered form of PV was suspended as in 0.25% Na-CMC,
triturated to form uniform suspension and used for the in vivo experi-
ments.

2.3. Cell culture for in vitro experiments

RAW264.7 and THP-1 cell lines were obtained from the National
Centre For Cell Science (NCCS), India and cultured in Dulbecco's
Modified Eagle's Medium (DMEM) and RPMI1640. Media was supple-
mented with 10% heat-inactivated fetal bovine serum (FBS), in pre-
sence of 100 U/mL concentrations of penicillin-streptomycin, 1 mM
sodium pyruvate and 4 mM r-glutamine. Cells were grown at 37 °C in a
5% CO,/air environment, following standard protocol.

2.3.1. MTT assay

MTT assay was performed according to protocol described earlier
(Mosmann, 1983) with minor modifications. Briefly, cells were seeded
in 96 well culture plates at density of 1 x 10°/mL and treated with
different concentrations of PV. After overnight treatment, 10 uL of MTT
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stock solution (5 mg/mL) was added to 100 pL media in each well and
incubated in CO, incubator for 3-4 h until formazan crystals were ob-
served. Water insoluble formazan crystals were solubilized in acidic
isopropanol (0.1 N HCI) and absorbance was taken using Envision mi-
croplate reader (Perkin Elmer) at 590 nm.

2.3.2. Nitric oxide assay

RAW264.7 cells were seeded in 24 well culture plates at the density
of 2 x 10° cells/well. Cells were treated with vehicle or PV (15.62,
31.25, 62.5, 125 and 250 pg/mL) and incubated for 1h. Cells were
stimulated with LPS (500 ng/mL) and incubated for an additional 24 h
at 37 °C in a CO, incubator. NO release in the culture media was de-
termined using modified Griess reagent, following manufacturer's pro-
tocol. Equal volume of modified Griess reagent solution was added to
cell supernatant and absorbance was recorded at 540 nm using Envision
Microplate reader (Perkin Elmer). Modulation of NO production was
measured (nitrite content) using the standard curve of sodium nitrite.

Similarly, THP-1 monocytes were seeded at the density 1 x 10°
cells/mL in 24 well culture plates and treated with phorbol 12-myr-
istate 13- acetate (PMA; 25 ng/mL; 48 h incubation). Experiments were
performed according to the protocol mentioned earlier using PV (50,
100, 150, 200 and 250 pg/mL).

2.3.3. Cytokines level measurement

For cytokines level modulation studies, human monocyte THP-1
cells (5 x 10°cells/well) were seeded in 24 well culture plates and
treated with 25 ng/mL PMA. For experiment, PV was added to the wells
at final conc. of 50, 100, 150, 200 and 250 pg/mL. After treating cells
for an hour, LPS was added at final concentration 500 ng/mL except in
control wells. Cell supernatants were collected after 4 and 24h to
measure different cytokines such as TNF-a and IL-6 using ELISA Kkits.
ELISA assay was performed according to manufacturer's protocol and
absorbance was recorded at 450 nm using Envision microplate reader
(Perkin Elmer).

2.4. Experimental animals

Male Wistar rats (160-180g) and CD-1 mice (20-22 g) were pro-
cured from Liveon Biolabs Pvt. Ltd (India) and Hylasco Biotechnology
Pvt. Ltd, India respectively. All the animals were placed in optimal
controlled environment with relative humidity of 60-70% with 12:12h
light and dark cycle in a registered animal house (1964/PO/Rc/S/17/
CPCSEA). The animals were maintained on standard pellet diet (Golden
Feed, India) and sterile filtered water ad libitum. All the animal ex-
periments were approved by the Institutional Animal Ethical
Committee and were performed in accordance with the guidelines of
the Committee.

2.4.1. Dose selection for in-vivo experiments

The animal equivalent doses of PV powder for rat and mouse studies
were calculated based on body surface area. The recommended dose of
the PV for the human is 1-2 tablets twice a day. The weight of each
tablet is 500 mg. According to this, total humane dose is 1500 mg/
60 kg/day (25 mg/kg/day). Animal equivalent doses (mg/kg) for rat
and mouse were calculated by multiplying human equivalent dose (mg/
kg) by factor 6.2 and 12.3 respectively (Nair and Jacob, 2016). Ac-
cording to this, therapeutic equivalent doses (TEDs) for rat and mouse
were found to be approx. 200 and 400 mg/kg respectively. However,
two different doses for rat and mouse studies were selected i.e. TED and
HD (High dose), 200 and 400 mg/kg for rat and 400 and 600 mg/kg for
mouse.

2.5. Evaluation of in-vivo anti-inflammatory and anti-nociceptive activities

2.5.1. Carrageenan induced paw edema
Carrageenan induced paw edema test was performed according to
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the modified methods described earlier (Winter et al., 1962; Sakat
et al., 2014). Wistar rats were divided into different groups (eight an-
imals per group) based on basal paw volume (0h) measured using
37140 plethysmometer (Ugo Basile, Italy). Inflammation was induced
by the subcutaneous injection of A-carrageenan (0.1 mL of 1% solution
in normal saline) into the plantar side of the left hind paw. The paw was
marked with ink at the level of lateral malleolus and volume was
measured up to the mark at 1, 2, 3, 4 and 5h after injection of carra-
geenan for all the animals. Further, animals were treated orally with
vehicle or PV at 200 and 400 mg/kg or Indomethacin at 10 mg/kg, 1 h
before carrageenan challenge. Paw edema was calculated by sub-
tracting O h (basal) paw volume from the respective paw volumes at 1,
2, 3, 4, and 5 h. The anti-inflammatory activity (%) was calculated for
each animal using the following formula: Mean paw edema of control
animals (mL) — paw edema of each test animals (mL)/Mean paw edema
of control animals (mL) X 100.

2.5.2. Hot plate test

The hot plate test was performed to measure response latencies
according to previously described method (Arrau et al., 2011; Eddy and
Leimbach, 1953) with minor modifications. Albino mice were initially
screened for basal latency time into different groups (eight animals
each). Test groups were treated orally with PV 400 and 600 mg/kg,
while the control group received 0.25% Na-CMC. TMD (Tramadol hy-
drochloride Inj.) was used as a standard drug and administered in-
traperitoneally at the dose of 40 mg/kg. After 1 h of drug treatment, all
the animals were placed into the perspex cylinder of the hot plate (Ugo
Saile, Italy) maintained at 55.0 + 0.5°C and time to discomfort reac-
tion (licking paws or jumping) was recorded as response latency. The
latency time was recorded at 30, 60, 90, 120 and 180 min after the
administration of test and standard drugs. A cut-off point of 20 s was
considered to avoid any possible accidental paw damage. The percen-
tage of maximum possible effect (% MPE) was calculated as [(LT; -
LTy)/(LT5 - LTo)] X 100. LTy and LT, were the latencies time before and
after drug administration, and LT, was the cut off time.

2.5.3. Tail flick test

Tail flick test as an acute model of pain was used to assess anti-
nociceptive effect of the drugs by measuring the latency of response.
Tail flick test was performed as described earlier (Keyhanfar et al.,
2013; Meymandi et al., 2006) with minor modifications using a plantar
test device (7370 plantar test; Ugo Basile, Italy) at high-intensity in-
frared radiation (infrared intensity of 99) with cut off time of 5s. The
animals were divided into four different groups containing eight ani-
mals each with mean basal latency time 2.0 + 0.2s. All the groups of
animals were treated orally with vehicle or PV 400 and 600 mg/kg or
TMD at 40 mg/kg (i.p.). The latency time was recorded at 30, 60, 90
and 120 min after the administration of test and standard drugs. The
percentage of maximum possible effect (% MPE) was calculated by the
formula mentioned above.

2.5.4. Formalin test

To assess chemical-induced acute and tonic pain, method of
Hunskaar and Hole (1987) was followed with minor modifications.
Eight animals in each group were treated with vehicle or PV (400 and
600 mg/kg, p.o.) or INDO (10 mg/kg, p.o.) 1 h before 1% formalin in-
jection (20 uL) in normal saline (v/v). Immediately after the formalin
injection in dorsal hind paw, the time of pain reactions were recorded
that the animals remained licking or biting the paw during the first
phase (0-5min) and the second phase (20-30 min) of the test. Percent
anti-nociceptive pain activity in each phase was calculated by the for-
mula: (Mean Control-Test) X100/Mean Control

2.5.5. Acetic induced writhing test
The modified method (Torri et al., 2007) of writhing test was used
to assess visceral pain. Animals were devided into four groups with 8
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Fig. 1. Effect of vehicle, Peedantak Vati on nitric oxide release using A) Murine
RAW264.7 (PV conc. 15.5, 31.25, 62.5, 125 and 250 pg/mL) and B) Human
THP-1 (PV conc. 50, 100, 150, 200 and 250 pg/mL) cells. Values in the results
are expressed as mean = SEM, (n=3). *p < 0.05, **p < 0.01, ***p < 0.001
considered significantly different in comparison to LPS control; #p < 0.001
considered significantly different in comparison to normal control.
Abbreviations: NC: Normal control; LPS CON: LPS control; LPS-
Lipopolysaccaharides; PV: Peedantak Vati.

animals in each. One hour after the treatment of 0.25% Na-CMC or PV
(400 and 600 mg/kg; p.o.) or INDO (10 mg/kg; p.o.), all the animals
were received intra-peritoneal injections of 0.6% acetic acid (0.1 mL/
10 g), for induction of writhing. A writhe is indicated by abdominal
constriction and full extension of the hind limbs. After 10 min of the
acetic acid injection, the numbers of writhing were registered for
20 min for each session. Percent anti-nociceptive pain activity was
calculated by the formula mentioned in Section 2.5.4.

2.6. Statistical analysis

The data are expressed as mean =+ standard error of mean (SEM) for
each group. Statistical analysis was done using GraphPad Prism version
7.0 software. A one-way analysis of variance (ANOVA) followed by
Dunnett's multiple comparison t-test was used to calculate statistical
difference for in-vitro and in-vivo tests. Two-way ANOVA followed by
Newman-Keuls multiple comparison test was used to calculate statis-
tical difference for carrageenan induced paw edema test. A value of
p < 0.05 was considered as significant.
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Fig. 2. Effect of vehicle, Peedantak Vati (PV conc. 50, 100, 150, 200 and
250 pg/mL) on pro-inflammatory cytokine IL-6 release by THP-1 cells at A) 4h
and B) 24h. Values in the results are expressed as mean *+ SEM, (n = 3).
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 considered sig-
nificantly different in comparison to LPS control; #p < 0.001 considered sig-
nificantly different in comparison to normal control. Abbreviations: NC:
Normal control, LPS CON: LPS control, LPS- Lipopolysaccaharides; PV:
Peedantak Vati.

2.7. Phytochemical analysis

Physiochemical analysis of PV was performed qualitatively and
quantitatively using colorimetric analyses. The phytoconstituents pre-
sent in the formulation were analyzed quantitatively based on their
class of molecules. Alkaloids were determined using 1,10-phenantroline
in ethanol and the results were expressed as colchicine equivalents
(Singh et al., 2004). Folin—Ciocalteau reagent in an alkaline medium
was used to assess phenols and the results were expressed as the gallic
acid equivalents (Singh et al., 2002). Flavonoid content was measured
and expressed as the quercetin equivalent (Zhishen et al., 1999). Total
saponin content was determined using Vanillin-Sulphuric acid colori-
metric reaction with some modifications (Makkar et al., 2007) and the
values were expressed as diosgenin equivalents.

2.8. HPLC analysis

The hydro-alcoholic extract of PV (HA-PV) was diluted in 50%
methanol (1 mg/mL) and subjected to high performance liquid chro-
matography (HPLC) analysis. Waters binary HPLC system (Waters
Corporation, Milford, MA, USA), equipped with, column oven, auto-
sampler (Waters 2707) and photo diode array (PDA) detector (Waters
2998) was used for analyses. A reversed phase C18 analytical column of
4.60 x 250 mm and 5pum particle size (Sunfire, Waters, USA) was
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250 pg/mL) on pro-inflammatory cytokine TNF-a level release by THP-1 cells at
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nificantly different in comparison to normal control. Abbreviations: NC:
Normal control, LPS CON: LPS control, LPS- Lipopolysaccaharides PV:
Peedantak Vati.
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Fig. 4. Effect of vehicle, Peedantak Vati (PV, 200 and 400mpk) and
Indomethacin (INDO 10mpk) on carrageenan induced paw edema. Values in
the results are expressed as mean + SEM, (n =7), *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001 significantly different in comparison to ve-
hicle control at respective time points.

utilized and its temperature maintained at 30 °C.

A clear separation was achieved by using a mobile phase consisting
of 0.1% formic acid (A) and acetonitrile (B). The following gradient
program was used: 5% B (0 min, flow rate 1 mL/min), 10% B (4 min,
flow rate 0.9 mL/min), 23% B (5 min, flow rate 1.1 mL/min), 28% B
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Fig. 5. Effect of vehicle, Peedantak Vati (PV, 400 and 600mpk) and Tramadol
(TMD, 40 mpk) for anti-nociceptive activity using hot plate test. Values in the
results are expressed as mean + SEM, (n=7), *p < 0.05, **p < 0.01,
**%p < 0.001, ****p < 0.0001 significantly different in comparison to basal
control (0 min).
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Fig. 6. Effect of vehicle, Peedantak Vati (PV, 400 and 600mpk) and Tramadol
(TMD, 40 mpk) for anti-nociceptive activity using tail flick test. Values in the
results are expressed as mean + SEM, (n=7), *p < 0.05, **p < 0.01,
*kp < 0.001, ****p < 0.0001 significantly different in comparison to basal
control (0 min).

(14 min, flow rate 1 mL/min), 35% B (20 min, flow rate 1 mL/min),
43% B (25min, flow rate 0.9 mL/min), 45% B (35min, flow rate
0.9mL/min) 5% B (39 min, flow rate 1 mL/min) and 5% B (40 min,
flow rate 1 mL/min). After filtration through 0.45 pm PTFE membrane
filters, 20 uL. of HA-PV was injected. Different concentrations of stan-
dard solution were prepared to make standard curve. Analysis of
standard mixture and test sample solution was done in six sets to ensure
repeatability of the method. An analytical methodology of marker
compound quantification in HA extracts of PV was validated in ac-
cordance with ICH guidelines. The limits of detection (LOD) and
quantitation (LOQ) were estimated as the minimum concentration of
marker compound is able to produce signal-to-noise ratios (S/N) of 3
and 10, respectively. To assess the linearity of the method, marker so-
lutions (1.0 mg/mlL, triplicate) was added in extract solution (1.0 mg/
mL) at concentrations of zero, 20.0, 40.0, 60.0, 80.0, 100.0 ug/mL.
Analytical curves were obtained by ratio of marker peak areas at
270 nm. The precision and accuracy experiments were performed tri-
plicate. The precision were expressed as residual standard deviation
(RSD %) and accuracy was measured as percent deviation from nominal
concentration.

2.9. LC-MS/MS analysis

LC-MS/MS analysis was performed to confirm the phytocon-
stituents, which were identified and quantified by HPLC. The HA-PV
was diluted with 50% methanol (1 mg/mL) and subjected to LC-MS/MS
analysis using Waters Xevo TQS micro with UPLC H class instrument. A
reversed phase C18 analytical column of 2.1 X 100 mm and 1.8 pm
particle size (HSS T3, C18 Column from Waters, USA) was used at 30 °C.
HPLC method was used as guidance point for LCMS/MS analysis. Binary
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gradient of water and acetonitrile were used as mobile phase with
constant flow rate of 0.4 mL/min. Gradient elution was programmed as
follows: 5% B (Omin), 10% B (1 min), 23% B (1.5min), 28% B
(3.8 min), 35% B (6.5 min), 43% B (8 min), 45% B (9.5 min), 95% B
(12 min), 5% B (20 min).
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2.10. HPTLC analysis

Standardization of HA-PV (2 mg/mL) was performed using HPTLC
system (CAMAG, Switzerland) equipped with a sample applicator
(ATS4), development chamber (ADC2). Simple and precise HPTLC
methods were developed, optimized and validated using a precoated
TLC plate (60 F254,Merck, Germany) with mobile phase as chloroform:
methanol: water: formic acid in the ratio of 7.0:0.65:0.1:0.2 (v/v). The
TLC chamber was saturated with mobile phase for 20 min at room
temperature. Detection and quantification was achieved at 218 nm
using integrated TLC scanner and analyzed by WinCats software.
Analytical performance of the proposed HPTLC method was validated
according to the ICH guidelines with respect to the linearity, detection
and quantitation limits.

2.11. ICP-MS analysis

Presence of heavy metals was determined following standard pro-
tocol (citation). Briefly, 2gm of PV was digested in 10mL of con-
centrated nitric acid and placed in hot oven at 60 °C. After complete
digestion ultrapure elemental water was added to make complete 50 mL
solution. Internal standard of known concentrations were added to the
sample and the solution was subjected to heavy metal analysis by direct
injection using instrument in helium gas mode (Agilent Technology
model 7800). For data processing software provided with the instru-
ment Mass hunter was used and results were calculated in PPM and
experiments were performed in triplicates and RSD% values were cal-
culated.

3. Results
3.1. Effect of PV on NO release

Cytotoxic level of PV was determined by standard MTT assay. The
study results demonstrated that, PV was found to be safe for cells at
< 250 pg/mL concentration (data not shown). Hence, all the in vitro
assays were performed below cyto-toxic concentration of PV. The effect
of PV on NO release was studied using RAW264.7 cells (Fig. 1A) and
THP-1 (Fig. 1B) cells. Cells treated with LPS (500 ng/mL) led to sig-
nificant increase (p < 0.001) in NO production in LPS control of
RAW264.7 and THP-1 cells as compared to respective normal control
(NC). However cells treated with PV at 62.5 (p < 0.05), 125
(P < 0.001) and 250 (p < 0.0001) pg/mL showed significant de-
crease NO production by RAW264.7 cells. However, THP-1 cells treated
with PV at 100 (p < 0.05), 150 (p < 0.01), 200 (p < 0.001) and 250
(p < 0.001) pg/mL showed significant decrease NO production.

3.2. Effect of PV on IL-6 and TNF-a level

To determine the effect of PV on pro-inflammatory cytokine pro-
duction, differentiated THP-1 macrophage cells were pretreated with
PV extracts at different concentrations (50, 100, 150, 200, 250 pg/mL)
and challenged with LPS after 1h. Fig. 2 displays significant rise
(p < 0.001) in IL-6 level as compared to NC. Treatment of PV at 200
and 250 ug/mL led to significant (p < 0.01) decrease in IL-6 level
measured at 4 h. However, PV showed remarkable decrease in IL-6
production at 50 (p < 0.01) and 100-250 pg/mL (p < 0.0001) esti-
mated at 24 h time point. The anti-inflammatory effect of PV was dis-
played in a conc.-dependent manner.

Similarly, cytokine TNF-a level in LPS treated cells was prominently
(p < 0.001) increased in LPS control as compared to NC (Fig. 3). THP-
1 cells treated with PV exhibited substantial decrease in TNF-a level at
4h (200 and 250 pg/mL; p < 0.01). Similarly, treatment of PV at 100
(p < 0.01), 150 (p < 0.01), 200 (p < 0.0001) and 250 pg/mL
(p < 0.0001) showed remarkable decrease in TNF-a level measured at
24 h and the effect observed was conc.-dependent.
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Fig. 9. A) HPLC Chromatogram of reference marker compounds. Peak details: 1: Berberine; 2: Rutin; 3: Caffeic acid; 4: Colchicine; 5: Quercetin; 6: trans-Cinnamic
acid; 7: Withaferin A; 8: Withanolide A; 9: Curcumin B) HPLC Chromatogram of marker compounds in hydro-alcoholic extract of Peedantak Vati (HA-PV). Peak

details: 2: Rutin; 3: Caffeic acid; 4: Colchicine; 7: Withaferin A; 9: Curcumin.

Table 2
Quantification of marker compounds in HA-PV by HPLC.

S. no Peak no. Name Quantity (ppm) % content

1 2 Rutin 1.204 0.120

2 3 Caffeic acid 0.154 0.015

3 4 Colchicine 0.251 0.025

4 7 Withaferin A 39.188 3.919

5 9 Curcumin 0.363 0.036
Table 3
HPLC method validation.

S. no. Name of compound LOD (ppm) LOQ (ppm)

1 Rutin 0.5 ppm 1.0 ppm

2 Caffeic Acid 0.5 ppm 1.0 ppm

3 Withaferine A 0.5 ppm 1.0 ppm

4 Colchicine 0.5 ppm 1.0 ppm

5 Curcumin 0.2 ppm 0.5 ppm

3.3. In vivo anti-inflammatory effect of PV

The anti-inflammatory effect of PV was assessed by the carrageenan
induced paw edema model (Fig. 4). The intraplantar injection of car-
rageenan in vehicle control rats led to a time dependent increase in paw
volume that was maximal at 4 h followed by marginal decrease at 5h.

Animals treated orally with PV at 200 mg/kg displayed significant
(p < 0.05) decrease in paw edema at 3 h, whereas high dose 400 mg/
kg showed significant decrease in paw volume at 2 (p < 0.01) and 3h
(p < 0.05). The effect of 200mg/kg dose was not significantly
(p > 0.05) different as compared to high dose 400 mg/kg. Further,
high dose of PV demonstrated maximum anti-inflammatory activity
(data not shown) as 40.4 + 5.2% at 2 h, followed by gradual decrease
up to 5h. The standard drug INDO at 10 mg/kg exhibited prominent
(p < 0.0001) anti-inflammatory activity (> 50%) at all time points
except 1h (44.9 = 6.5%).

3.4. Anti-nociceptive activity

3.4.1. Hot plate test

The PV was evaluated for anti-nociceptive pain effect using hot
plate test is shown in Fig. 5. Control animals showed no significant
difference (p > 0.05) in the latency time at different time points as
compared to basal readouts (0 min). PV at 400 mg/kg exhibited sig-
nificant (p < 0.05) increase in latency time at 30 and 90 min as
compared to basal latency and high dose 600mg/kg showed con-
siderable increase in latency time at 90 (p < 0.01) and 120 min
(p < 0.05) as compared to basal latency. The % MPE (data not shown)
shown by the high dose of PV was found to be maximal (> 50%) at 90
and 120 min. The standard opoid analgesic TMD at 40 mg/kg; treated
intra-peritoneally displayed noticeable (p < 0.05) increase in latency
at 90, 120 and 180 min. The anti-nociceptive pain activity shown by the
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Fig. 10. : A) LC-MS/MS chromatogram of marker compounds in HA-PV (Full scan) B) LC-MS/MS chromatogram of Rutin C) LC-MS/MS chromatogram of Caffeic acid
D) LC-MS/MS chromatogram of Colchicines E) LC-MS/MS chromatogram of Withaferrin A F) LC-MS/MS chromatogram of Curcumin.

TMD was found to be > 50% at all time points. Importantly, the %
MPE of PV of high dose was found to be similar to that of TMD at
90 min (data not shown).

3.4.2. Tail flick test

Anti-nociceptive pain effect of PV was studied using the pre-
dominantly spinally mediated tail flick latency test (Fig. 6). The data
suggest, PV at 400 mg/kg exhibited noticeable (p < 0.01) increase in
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latency only at 90 min as compared to basal latency. However, PV at
600 mg/kg showed significant anti-nociceptive property by increase in
latency time at 60 (p < 0.01), 90 (p < 0.0001) and 180 min

(p < 0.01) with MPE (data not shown) as 30 *

3.8% at 90 min.

However, TMD displayed gradual increase in % MPE of anti-nociceptive
pain potential till 90 min. The results of the study clearly indicate the

PV's considerable anti-nociceptive pain activity possibly mediated by
spinal mechanism.
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Fig. 10. (continued)
Table 4
Compounds identified by LCMS.
S. no. R.T. m/z Compound identified
1 4.320 608.92 Rutin
2 7.661 399.15 Colchicine
3 8.397 368.05 Curcumin
4 9.243 470.63 Withaferine A
5 10.456 178.03 Caffeic Acid

3.4.3. Formalin test

This method elucidates central and peripheral nervous system ac-
tivities. Formalin-induced pain is biphasic in which first phase involves
direct stimulation of sensory nerve fibers representing neuropathic pain
and second phase involves inflammatory pain mediated by pros-
taglandin, serotonin, histamine, bradykinin, and cytokines such as IL-
1B, IL-6, TNF-a, eicosanoids and NO. In the present study, PV tested at
400 and 600 mg/kg showed no significant (p > 0.05) activity in the
early phase (Fig. 7A), similar to that of INDO. However, in late phase
PV showed remarkable (p < 0.0001) anti-nociceptive pain activity at
400 (76.4 = 3.3%) and 600 mg/kg (90.6 = 3.1%) (data not shown)
by decreasing paw licking time (Fig. 7B). The standard drug INDO at
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10 mg/kg displayed significant (p < 0.0001) anti-nociceptive pain
activity (81.1 *= 4.2%) by lowering paw licking time.

3.4.4. Writhing test

The anti-nociceptive pain effect of PV against visceral pain was
assessed by the acetic acid induced writhing test. Normal control ani-
mals showed maximum writhing response 72.5 + 11.8 induced by
intraperitoneal injection of 0.6% acetic acid in normal saline (Fig. 8).
Orally administered PV at 400 and 600 mg/kg showed remarkable
(p < 0.0001) and dose-related anti-nociceptive activity as 81.0 = 4.0
(writhes: 13.8 + 2.9) and 90.7 = 4.6% (writhes: 6.8 + 3.4) respec-
tively. The standard NSAID drug, INDO also produced considerable
(p < 0.0001) decrease in number of writhes (23.8 = 4.4) with
67.2 = 6.2% anti-nociceptive pain activity (data not shown).

3.5. Chemical analyses

HA-PV was prepared for all the downstream analyses. HPLC and
HPTLC analytical techniques were utilized for chemical profiling,
identification and quantification of marker compounds in PV. Identified
compounds were confirmed by LC-MS/MS analysis.

3.5.1. Phytochemical analysis

The colorimetric analyses of PV indicated the presence of phenols,
saponins, flavonoids and alkaloids. Quantitative analyses revealed the
presence of alkaloids (560 = 4.51 ug of colchicine equivalent/mg of
extract), phenolic (2.73 = 0.28 ug of gallic acid equivalent/mg of ex-
tract), flavonoids (0.20 = 0.05 g of quercetin equivalent/mg of ex-
tract) and saponins (268 + 5.78 ug of diosgenin equivalent/mg of ex-
tract).

3.5.2. Identification and quantification of marker compounds by HPLC

Phytochemical profiling of HA-PV was performed using HPLC
technique. A binary gradient method for HPLC was developed and
optimized. HA-PV was analyzed along with mixture of standard marker
compounds. Altogether five different compounds viz. rutin, caffeic acid,
colchicine, withaferin A and curcumin were identified using newly
developed method. Each compound was identified and confirmed using
its retention time and UV profile in photodiode array (PDA) detector
under similar conditions (Fig. 9A-B). These marker compounds were
quantified in HA-PV and represented in Table 2. The HPLC method
validation ensures reliability of results and reducing batch to batch
variations. The retention time for different markers was validated with
slope, linearity and accuracy (S1, Table A). The method was considered
linear between concentrations of 20-100 pg/mL for Colchicine, With-
aferin A, Curcumin, caffeic acid. The mean regression equation was
curcumin was y = 16,364 x -86,483, whereas for rutin it was
y = 29,039 x -879,282. The LOD and LOQ for identified marker
compounds were obtained (Table 3).

3.5.3. Confirmation of marker compounds by LC-MS/MS

LC-MS/MS analysis was carried out to confirm marker compounds,
which were identified and quantified by HPLC. Total ion chromatogram
(TIC) both in +ve and -ve mode were obtained (Fig. 10A) Ionization
pattern of major peaks were compared to the library and prediction was
subjected to validation. Fragmentation pattern of predicted standards
and HA-PV peaks were compared with standards to confirm the iden-
tity. Different marker compounds (Table 4) including caffeic acid,
colchicine and curcumin were confirmed for their presence in HA-PV by
LC-MS/MS (Fig. 10A-F).

3.5.4. Chromatographic profiling by HPTLC

HPTLC profile with optimized mobile phase chloroform: methanol:
water: formic acid in the ration of 7.0:0.65:0.1:0.2 gave sharp peaks of
different components present in HA-PV (Fig. 11A). Comparing with
reference standards, two well defined peaks with R¢ value of 23 and 28
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Fig. 11. A) Profile of hydro-alcoholic extract of Peedantak Vati (HA-PV) by HPTLC at A = 210 nm. B) Densitogram of reference marker Colchicine by HPTLC at
A = 210 nm. C) Densitogram of reference marker Withaferin A by HPTLC at A = 210 nm.
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Table 5
HPTLC peaks for HA-PV.

Journal of Ethnopharmacology 235 (2019) 361-374

Table 7
Heavy metal analysis by ICP-MS.

Peak R¢ Height  Area Area %  Assigned substance  Quantity %
1 0.15 310.6 8652.6 6.97

2 0.19 501.5 12,442.7 10.02

3 0.23  308.2 5923.6 4.77 Colchicine 0.0295

4 0.26 2223 3354.8 2.70

5 0.28 261.7 5170.6 4.16 Withaferin A 0.049

6 0.32  420.2 16,330.6  13.15

7 0.41 1279 4264.6 3.43

8 0.47  190.3 7113.6 5.73

9 0.59 1421 5155.3 4.15

were identified as colchicines and withaferin A, respectively. The
identity of the Colchicine and withaferin A band in sample chromato-
gram was confirmed by comparing chromatogram (Fig. 11: B, C) and Ry
values of reference standards (Table 5). The percent area was re-
presented by area normalization. The calibration plots were linear
within the concentration range of 40-200 and 80-240 ng/spot for col-
chicine and withaferin, respectively (S1, Fig. A). The correlation coef-
ficient intercept and slope were 0.990835, + 8638, 206.010 and
0.9984, + 5.099, 91.044 for colchicines and withafern A, respectively.
Quantitative evaluation of identified standards colchicine and with-
aferin were found 0.0295% and 0.049% per 100 pg PV respectively
(Table 5). The LOD for colchicine and withaferin A was 40 and 80 ng/
spot and LOQ was 120 and 240 ng/spot, respectively (Table 6).

3.5.5. Heavy metal analysis by ICP-MS

Plants are known for heavy metal absorbance and accumulation.
Therefore, AYUSH (Anonymous, 2003) had set standard limits (cita-
tion) for different heavy metal in herbal origin products. Important
heavy metal content was measured in PV and found to be below safe
standard limit (Table 7). PPM content of Arsenic (As), cadmium (Cd),
mercury (Hg) and lead (Pb) were 0.788, 0.186, 0.687 and 0.476 re-
spectively with low RSD% value in experiments performed in tripli-
cates.

4. Discussion

The aim of the present study was to establish scientific evidences of
the polyherbal ayurvedic formulation Peedantak Vati's biological ac-
tivities. Keeping this in view, present study was designed to evaluate
PV's anti-inflammatory and anti-nociceptive pain potential using dif-
ferent in-vitro and in-vivo models.

NO level was examined using LPS-stimulated murine macrophage
cells RAW264.7 and human THP-1. Macrophages produce in-
flammatory mediators such as NO and other free radicals, in addition to
numerous cytokines such as TNF-a, IL-1f3, and IL-6 (Yang et al., 2012)
during inflammation. Significant inhibition of NO production was ob-
served in a concentration-dependent manner, which suggests remark-
able anti-inflammatory activity.

Pro-inflammatory cytokines TNF-a and IL-6 are biomarkers of the
inflammation, and their role in diseases such as RA, inflammatory
bowel disease, sarcoidosis, psoriasis (Glaudemans et al., 2010; Sanchez-
Munoz and Dominguez-Lopez, 2008), systemic lupus erythematosus
and Crohn's disease (Gabay, 2006) has been reported. The level of IL-6
and TNF-a in LPS-stimulated human THP-1 cells was measured using
ELISA at different time points. The results clearly demonstrate that, the

Table 6
HPTLC method validation.

S.no. Name of heavy Concentration RSD %  Permissible limit
metal (ppm) (ppm)

1 Pb (Lead) 0.476 ppm 0.4 10

2 As (Arsenic) 0.788 ppm 0.9 3

3 Hg (Mercury) 0.687 ppm 4.1 1

4 Cd (Cadmium) 0.186 ppm 2.7 0.3

* AYUSH guidelines.

treatment of PV causes significant decrease in IL-6 and TNF-a level in a
conc. dependent manner. Also, it was observed that, IL-6 level was
robustly inhibited by PV in comparison to TNF-a, which could be due to
modulation of NF-kB signaling pathways.

Further in vivo studies were performed to confirm the anti-in-
flammatory effects of PV in rat inflammation models. Paw edema model
is widely used as a simple and reliable model to assess anti-in-
flammatory activity of various agents (Ashok et al., 2010; Fernandes
et al.,, 2010). It is a biphasic event, During the early phase of in-
flammation (0-2 h) mediators like histamine, 5-hydroxytryptamine and
bradykinin play important role, while during the late accelerating
phase (post 2 h) there is elevated production of PGs, and production of
COX-2 (Di Rosa et al., 1971; Sakat et al., 2014). PV treatement at low
dose was found to be active only in the late phase. However, at the high
dose of PV displayed considerable inhibition in both early and late
phase of inflammation induced by carrageenan by inhibiting the release
of different inflammatory mediators disturbing cyclooxygenase
pathway.

PV was evaluated by hot plate and tail flick tests to assess its anti-
nociceptive effect via supraspinal and spinal mechanisms respectively
(South and Smith, 1998). The oral treatment of PV demonstrated a dose
dependent, significant anti-nociceptive pain activity in hot plate test,
suggesting its activity is mediated by supraspinal mechanism. With tail
flick test, PV displayed remarkable anti-nociceptive potential via spinal
mechanism particularly at high dose. Similar to reference drug TMD
showed considerable reduction in tail flick latency time and confirm its
analgesic potential. The results suggest that the anti-nociceptive ac-
tivity of PV Altogether involves both supraspinal and spinal me-
chanism.

The acetic acid induced writhing reflex is a model of visceral pain,
which is simple and commonly used method for the screening of per-
ipherally acting analgesic drugs (Abdollahi et al., 2003; Ezeja et al.,
2011; Golshani et al., 2004). The data of the writhing test emphasized
the significant peripheral anti-nociceptive activity of PV by reducing
writhing response. As standard NSAID drug INDO at 10 mg/kg also
exhibited prominent anti-nociceptive activity, known to relieve the
pain response peripherally by inhibiting production of prostaglandins,
thromboxane by acting on cyclooxygenase enzymes.

The formalin test discriminates pain into early and late phases. It is
useful not only for assessing the analgesic substances but also for elu-
cidating the mechanism of analgesia (Shibata et al., 1989). The first
phase involves neuropathic pain and second phase involves in-
flammatory pain mediated by prostaglandin and cytokines such as IL-
1B, IL-6, TNF-a, eicosanoids, and NO (Chichorro et al., 2004; Hunskaar
and Hole, 1987). Although, PV displayed marginal activity in the first
phase at high dose, it displayed prominent activity in the second phase
at both dose levels.

Compound Retention factor (RF) Correlation coefficient (r2) Slope Intercept % RSD of slope LOD (ng/spot) LOQ (ng/spot)
Colchicine 0.22 + 0.998 8.638 206.01 0.0214 40 120
Withaferin A 0.28 = 0.999 5.099 91.044 0.0074 80 240
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Standardization of herbal formulations is essential in order to assess
the quality of drugs, based on the concentration of their active princi-
ples (Chawla et al., 2013). We developed HPLC, HPTLC and LC-MS/MS
methods for standardization of PV. The different markers compounds
were identified and quantified by chromatographic techniques. Method
was validated for HPLC and HPLC. This will help in maintaining con-
sistency of the product. LC-MS/MS analysis confirmed presence of
standard marker compounds, identified by HPLC and HPTLC, which
substantiate the robustness of newly developed method and analysis.
This method of analysis was found suitable for simultaneous identifi-
cation and quantification of these five phytoconstituents from different
class of phyto-compounds such as flavonoids (rutin), phenols (cur-
cumin) and phenolic acids (caffeic acid), alkaloids (colchicine) and
terpenoids (withaferin A) in a single run. Furthermore, these identified
compounds can be used for quality control, consistency and accuracy of
the PV formulation.

5. Conclusion

Based on the results shown in the present study, it can be concluded
that polyherbal ayurvedic formulation ‘Peedantak Vati’ possesses sig-
nificant anti-inflammatory and analgesic properties, providing potent
and promising herbal alternative to currently available NSAIDs. Our
studies also show that PV's anti-inflammatory activities could be tar-
geting arachidonic acid cascade and modulating pro-inflammatory cy-
tokines.
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Introduction: A comparative study of Putranjiva roxburghii Wall. seed extract and developed
silver nanoparticles (PJSNPs) for improving bioavailability that enhance their anti-cancer
activity against HCT-116 (colon carcinoma), PANC-1 (pancreatic carcinoma), MDA-MB 231
(breast carcinoma) cell lines was performed.

Materials and Methods: The green synthesis of PJSNPs (Putranjiva silver nanoparticles)
was performed using PJ (Putranjiva) extract, and characterization of synthesized nanoparticles
was accomplished through UV-Vis spectrum, X-ray diffraction (XRD), transmission electron
microscopy, energy-dispersive X-ray spectroscopy (TEM-EDAX), scanning electron micro-
scopy (SEM), Fourier transform infrared spectroscopy (FTIR), atomic force microscopy
(AFM), and Raman spectroscopy.

Results: The results revealed that PISNPs are homogeneous, spherical in shape, ~8+2 nm in
size, and negatively charged with a zeta potential of about —26.71 mV. The cytotoxicity
pattern observed was AgNO; > PJSNPs > PJ extract. The morphological changes of the cells
were observed by flow cytometry and also by the DNA ladder pattern on gel electrophoresis,
which indicated that the process of cell death occurred via the apoptosis mechanism and
PJSNPs were exerting late-stage apoptosis in all the tested cell lines. The small size and
negative value of zeta potential could be the factors responsible for greater bioavailability
and thus increased uptake by the tumor cells.

Conclusion: The MTT assay and morphological changes observed by various methods
indicate that the novel PJSNPs are a better anticancer agent than PJ extract. All the above
properties make biologically synthesized PJSNPs an important target in the field of anti-
cancer drug discovery.

Keywords: green synthesis, Putranjiva, silver nanoparticles, anti-cancer, apoptosis

Background

Nanotechnology has gained tremendous popularity in recent years and has become
a vital part of the drug discovery and development particularly, the drug delivery
system. Due to their distinctive properties, metal nanoparticles have proved their
worth in electronics, photonics, as well as biomedicine.' Amongst all the metals

used, silver is the most desirable one as pure silver has the maximum electrical and

submit your manuscript

Dove n

http:

in 3

International Journal of Nanomedicine 2020:15 573-585 573
© 2020 Balkrishna et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
BY Nc terms.php and incorporate the Creative Commons Attribution — Non Commercial (unpovted v3.0) License (http://creati g/li by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, prowded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-8608-3270
mailto:vinay_sharma_2000@yahoo.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Balkrishna et al

Dove

thermal conductivity and minimum contact resistance.’
Silver nanoparticles are being used in industries’ and
also have shown to improve antimicrobial and anti-
cancer activity besides having a significant role in the

drug delivery system.®’
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Various chemica and physica methods have
been used for the synthesis of nanoparticles. However,
these methods are losing reputation due to low yield,
high energy supplies and generation of toxic by-
products."® The concept of green synthesis has evolved
to overcome the above limitations for the synthesis of
nanoparticles as it is cost-effective, bio-compatible and
eco-friendly in nature. Various green methods such as
using the microwave, electrochemical reduction, sono-
chemical preparation, or supercritical technology'> '’
have been deployed for the synthesis of SNPs. Other
than that, the use of micro- or marine organisms and
plant extracts for the synthesis of SNPs are well accepted
due to their biocompatibility or biomimetic approach.'®'®
Moreover, the plant extracts not only act as reducing
stabilize  the

nanoparticles.?>?' They are rich in biomolecules that act

agents but also preparation  of
as bio-reductants for the formation of metallic nanoparticles
in the solution resulting in color change of the solution due
to the surface plasmon resonance phenomenon.**

In the present study, a facile green method for the
synthesis of silver nanoparticles (SNPs) using silver nitrate
solution and Putranjiva roxburghii Wall. extract as the
reducing agent has been reported.

Putranjiva roxburghii Wall. (Family Putranjivaceae) is
an evergreen tree found growing in wild as well as culti-
vated in the Indian subcontinent. It is regarded as one of
the best herbs for rejuvenation and restoration of the
female reproductive system in the Indian traditional sys-
tem of medicine. Apart from having analgesic, antipyretic,

2324 it is also used for

and anti-inflammatory activities
treating azoospermia,” elephantiasis, eye infection, habi-
tual abortion, sterility, constipation, cough, cold and
fever.”®?” In spite of tremendous ethnobiological impor-
tance, its anti-cancer properties have not been fully
explored yet and also there is no report on green synthesis
of AgNPs (Silver nanoparticles) from Putranjiva roxbur-
ghii Wall. seed extract till now; hence, in the present
article, we have prepared a novel nano-composite named
‘Putranjiva roxburghii Wall. seed extract mediated SNPs’
(abbreviated as PJSNPs) to target tumor cells for the
development of new anti-cancer agents, and characterized
them using UV-Vis absorption spectrum, X-ray Diffraction

(XRD),
Dispersive X-ray Spectroscopy (TEM-EDAX), Scanning

Transmission Electron Microscopy Energy-

Electron Microscopy (SEM), Fourier Transform Infrared
Spectroscopy (FTIR), Atomic Force Microscopy (AFM),
Zeta potential and Raman spectroscopy. Additionally, the
cytotoxic properties of PJSNPs and their anti-cancerous
effects were investigated against HCT-116 (colon carci-
noma), PANC-1 (pancreatic carcinoma), MDA-MB 231
(breast carcinoma) cell lines.

Materials and Methods

Materials

The seeds of Putranjiva roxburghii Wall. were a generous
gift by Patanjali Ayurveda Ltd., Haridwar, India. The
specimen was deposited at PHD, Patanjali Yogpeeth,
Haridwar (Voucher no. PRIA/06/05/2017/002). The sol-
vents, chemicals and kits were purchased from Merck,
Sigma-Aldrich, and Invitrogen. The cell lines HCT-116
(colon carcinoma), PANC-1 (pancreatic carcinoma),
MDA-MB 231 (breast carcinoma) were purchased from
NCCS, Pune, India. The microorganism for antimicrobial
study were procured from NCL, Pune, India. The blinded
blood sample of a healthy volunteer was taken after
obtaining his written consent by a registered clinician at
Pathology lab, Patanjali Ayurvedic Hospital, Haridwar,
India and was generously gifted to us. The study was
approved by the Bioethical Committee for Scientific
Research at the Patanjali Ayurvedic Hospital, Haridwar,
India.

Preparation of Extract

About 10 g of seeds were milled into a fine powder and
boiled for 2 hrs in 100 mL of deionized water. The extract
was filtered to remove the particulate matter to get the
clear solutions which were then refrigerated (4°C) for
further experiments. At each and every step of the experi-
ment, sterility conditions were maintained for the accuracy
of the results.

Synthesis of PJSNPs

During the initial optimization procedure, different con-
centrations of silver nitrate solutions (1-10 mM) were
prepared and treated with different amount of the seed
extract (1-5 mL). The mixture was heated at 80°C for
1 hr. The best results were obtained with 1 mM AgNO;
and 5 mL extract. So we proceeded with the best condi-
tions for further experiments.”®
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On reduction of Ag" to Ag® in AgNO; solution,
through the Putranjiva seed extract, the color of the solu-
tion changes. The formation of SNPs (Silver Nano
Particles) was furthermore confirmed by spectrophoto-
metric investigation (Absorbance scan 200—-800 nm). The
precipitate was collected by filtration, washed with deio-
nized water several times, and finally dried in air at 60°C
for 6 hrs.

Characterization of Nanoparticles

The prepared silver nanoparticles were analyzed and char-
acterized using UV-Vis spectrophotometer (Shimadzu UV-
1800), crystalline metallic silver was examined by X-ray
diffractometer (Bruker D8), AFM (Shimadzu SPM9500J2),
TEM (TEM-TECNAI-20-G2), FTIR (Cary 630), Raman
spectrometer (Nuspec 2.0), Zeta-Sizer (Anton Paar MCP
300), and EDAX (JEOL, JSM-2100F).

Cell Lines & Culture Conditions

The human cancer cell lines, namely, HCT-116 (colon
carcinoma), PANC-1 (pancreatic carcinoma) and MDA-
MB 231 (breast carcinoma) were cultured in DMEM med-
ium supplemented with 10% FBS (Invitrogen) and 1%
antibiotic (Invitrogen) and grown overnight at 37°C in
a humidified atmosphere with 5% CO,.

Peripheral Blood Mononuclear Cell

(PBMC) Preparation and Cell Culture
The PBMCs were isolated from 5 mL of whole blood
consisting of anti-coagulant EDTA (Sigma, MO, USA)
from a healthy adult donor on a Ficoll-Hypaque (Hornby,
Ontario, Canada) density gradient according to the method
described earlier.”® The cells were cultured within T25
culture flask (Corning Incorporated, NY, USA) for over-
night in the supplemented RPMI (Sigma, MO, USA) with
fetal bovine serum (FBS), 100 U/mL penicillin, 100 pg/mL
streptomycin (Sigma, MO, USA) and 2 mM L-glutamine
(Gibco, NY, USA) at 37°C for 24 h before any treatments.
Before performing the experiment, the medium was dis-
carded and the separated cells were washed and counted.

Cytotoxicity Assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) assay is a colorimetric assay for deter-
mining cell viability. The NAD(P)H oxidoreductase
enzymes may possibly reveal the number of viable cells
as these enzymes can reduce the tetrazolium dye MTT to

purple insoluble formazan. Cytotoxicity evaluation of
AgNO;, PJ & PISNPs was performed in cancer cells
(HCT-116, PANC-1 and MDA-MB 231) using MTT
assay as described by Mosmann.*® The cytotoxic effect of
AgNO3; & PJSNPs was also evaluated in PBMC cells. The
cells were harvested and seeded at a density of 1x10°
cells/mL in a 96-well plate and were incubated for 24
h in an incubator (37°C, 5% CO,). A series of dilution
(10 to 0.0097 mg/mL) of nanoparticles in the medium was
added to the cells. After 24 h of incubation, 12 mM MTT
stock solution was added to each well and was further
incubated at 37°C for 4 hrs. Formazan crystals formed
after 4 hrs in each well were dissolved in 100 pL of
SDS-HC1 solution and kept for incubation in
a humidified chamber at 37°C for 4 hrs. The plate was
read on a multi-mode plate reader (EnVision, Perkin
Elmer) at 570 nm.

% Cell viability = As7 of treated cells/Asz of
control cells x 100

Cell Apoptosis Assay

The number of apoptotic cells induced by PJSNPs with
different concentrations was measured by flow cytometry
using Annexin V-FITC-PI kit (Sigma-Aldrich, Germany).
The Annexin V-PI assay evaluates phosphatidylserine
translocation from the inner to the outer layer of the
plasma membrane which is an event typically associated
with apoptosis. HCT-116, PANC-1 and MDA-MB 231
cells (2x10° per well) were seeded into 6-well plates and
treated with ICsy concentrations of PISNPs. Both control
and treated cells were incubated for 24 hrs in an incubator
(37°C, 5% CO,). Following the incubation, the cells were
washed twice with PBS. Later, the cells (1 x 10° cells/mL)
were resuspended in 1X binding buffer. Subsequently,
5 pL each of AnnexinV-FITC and propidium iodide were
added to control and treated cell lines. The tubes were
incubated at room temperature for exactly 15 min and
protected from light. Finally, the cells were analyzed by
flow cytometry (FC500, Beckman-Coulter, Hialeah, FL,
USA). The controls used to set up compensation and
quadrants were unstained cells, cell stained with FITC
and Annexin V and cell stained with PI. Flow cytometric
analysis was performed using Partec FloMax software.

DNA Fragmentation Assay
The suspension of HCT-116, MDA-MB 231, PANC-1
(10° cells/mL) were seeded in 6-well microplates and
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treated with ICsy concentration of PJSNPs. The DNA
method.
Extracted DNA was run on a 1% agarose gel for 20

extraction was done using a salting-out
min by applying 100 V, which was then stained with
ethidium bromide, and the bands were detected using an

ultraviolet transilluminator.

Statistical Analysis

The results are presented as mean + standard deviation of
three experiments. Analysis of the dose-response curve
was done using the Software GraphPad Prism 7. ICs
values were determined by plotting triplicate data points
over a concentration range and calculating values using
regression analysis of Prism software using a 95% con-
fidence level.

Results and Discussion

Characterization of Silver Nanoparticles
UV-Vis Spectra Analysis

The synthesis of the SNPs in aqueous solution was mon-
itored by recording the absorption spectra at a wavelength
range of 200-800 nm (Figure 1A). As the plant extract was
mixed with AgNOs;, the color of the reaction mixture chan-
ged from brown to reddish brown (Figure 1A inset) due to
excitation of surface plasmon resonance (SPR) vibration of
silver nanoparticles,”> while no color change was observed
in the absence of plant extract in AgNO; The complete
color change took after about 30 mins; thereafter, no further
color of the reaction mixture changed, indicating that the
silver salt present in the reaction mixture has been reduced
completely. Nanoparticles absorb light at a different wave-
length and get excited due to charge density at the interface
between conductor and insulator, the mechanism known as
surface plasmon resonance. The absorbance peak between
400 and 450 nm by UV-Vis analysis is the characteristic of
SNPs®! and the results obtained are in complete correlation
with the earlier studies.>'*> The change in color and A
with a prominent peak around 420 nm correspond to SNPs
formation. SPR peak located between 410 and 450 nm has
been observed for SNPs and might be attributed to spherical
nanoparticles.*'=>3*

Raman Spectroscopic Analysis

Raman spectroscopy (Deitanu Rock Hound Nuspec 2.0) can
be used to study chemical identification, characterization of
molecular structures, effects of bonding, environment and
the stress of the compounds. The Putranjiva roxburghii
Wall. capped silver nanoparticles are fine black powder,

highly photosensitive towards a wide range of light wave-
length similar to the majority of silver compounds.

The most representative Ag,O spectrum shows a very
intense band with a peak at 146 cm ! attributing to Ag lattice
vibrational modes, ie, phonons (Figure 1B). The range
200-580 cm ' is characterized by a broadband in which it
is possible to define Raman shifts at 288 and 537 cm ' The
bands at 537 cm™ ' can be ascribed to the n(Ag—O) vibrations
for sub-surface species and n(O—O) mode for adsorbed mole-
cular oxygen. The peak observed at 1030 cm™' is probably
due to chemosorbed atomic/molecular oxygen species.*
Although sub-surface species might promote adsorption of
molecular oxygen, it could also be a probable consequence of
surface restructuring in silver nanoparticles.*®

Atomic Force Microscopy

The surface topology of the PISNPs was studied by atomic
force microscopy analysis (Figure 1C). This method is
used as a primary method to monitor SNPs dissolution
and agglomeration pattern. The biologically synthesized
silver nanoparticle size was measured using line profile
determination of individual particles in the range of 32.85
x 32.85 nm.”” The silver nanoparticles were imaged by
AFM to understand the accurate configuration and to con-
firm that the silver nanoparticles were more or less homo-
geneous in size and shape. The topography of AFM
micrograph clearly indicates that PJSNPs possess spherical
shape with ~8 £2 nm size measured using line profile
determination of individual spherical-shaped particles.

X-Ray Diffraction Analysis

The XRD spectrum was recorded to confirm the crystalline
structure of synthesized AgNP. The crystallographic struc-
ture of biologically synthesized silver nanoparticles
(Table 1; Figure 1D) depicted four distinct peaks at
37.96°, 45.95°, 64.36° and 77.10° which were the corre-
sponding values of (1 1 1), (2 0 0), (2 2 0) and (311) lattice
planes of the face-centered cubic (FCC) silver, closely
matching with the reported reference values.>® All diffrac-
tion peaks could be well indexed with the cubic structure of
silver (Ag) [JCPDS No. 087-0720]. The absence of any
other chemical phase indicated the purity and crystallinity
of the synthesized PJSNPs. A systematic increase in the
broadening of the diffraction peaks with increasing 26 indi-
cated a concomitant reduction in particle size. The obtained
diffraction spectrum strongly suggested the presence of
silver nanoparticles in accordance with AFM and Raman

spectrum analysis. The 26 positions of lattice planes were
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Figure | Characterization of silver nanoparticles synthesized using P. roxburghii seed extract. (A) UV-Vis spectra of P] and PJSNPs (B) Raman spectra of PJSNPs (C) Atomic
force microscopic image of PJSNPs (D) Calculated (Blue line) Rietveld refinement and Observed (Red line) plot of the powder XRD patterns for the Putrajeevak-Ag NPs
(PJSNPs). The difference plot is at the bottom of the figure (blue line) and tick marks represent allowed reflections for each sample (E) Transmission electron microscopy of
PJSNPs. HTEM micrograph (a and b) particle size distribution histogram (c) selected area diffraction pattern (d) (F) EDAX of PJSNPs (G) Zeta potential of PJSNPs (H)

Fourier transformation infrared spectra PJSNPs and PJ extract.
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Table | A Summary of Observed d-Spacings, hkl and Lattice Constant for the Biologically Synthesized PJSNPs

Sample Name 20 (Degree) FWHM (Degree) Lattice Constant (A) (hkl) Standard d-Value Observed d-Value
PJSNP 37.96 0.63 4.092 (I 2.36 2.36

45.95 I.16 (200) 2.04 2,01

64.36 0.77 (220) 1.44 1.44

77.10 0.67 @31 1.23 1.23

slightly shifted towards the lower angle because of strain
generation in silver nano-crystals due to the presence of
Putranjiva roxburghii Wall. The resulting PJSNPs are
highly uniform in phase & composition. The crystalline
phase purity was confirmed by Rietveld refinement of
XRD and the uniformity in composition was deduced
from the Vegard’s law because the occupancy refinement
of PJSNPs cannot give a satisfactory measurement of the
stoichiometry. The obtained results were consistent with the
sizes of SNPs obtained from TEM analysis.

Apart from the characteristic peaks FCC Ag, the dif-
fractogram also showed small hump-like peaks at 44.05°
and 54.61° which may be due to the crystallization of the
bio-organic phase on the surface of the SNPs. In the
Rietveld analysis, the d-value at 44.05° and 54.61° were
also under consideration limit but not matched with the
SNPs lattice plane. Some other studies reported similar

results with various additional peaks®’*

and bio-organic
compound/protein (s) might be responsible for such pat-
tern. The authors have suggested that magnesium ions
present in the chlorophyll might act as strong X-ray scat-

tering centers in the bio-organic crystalline phase.*'

Transmission Electron Microscopy and EDAX

The Transmission electron microscopy (TEM) provided
further insight into the morphology and size details of the
synthesized SNPs. Transmission electron micrograph reveals
that PJSNPs are spherical, as can be observed in Figure 1E,
HTEM micrograph (Figure 1E-a and b) and particle size
distribution histogram (Figure 1E-c) correspond to silver
nanoparticles formed after 24 h of reaction. PISNPs sizes
are ~8 £2 nm. A typical selected area diffraction pattern is
shown in the inset of (Figure 1E-d). Main Diffraction rings
can be indexed as (111), (200), (220) and (311) reflections
(indicated by numbers 1, 2, 3 and 4, respectively), corre-
sponding to a face-centered cubic (FCC) crystalline structure
of PJSNPs. In Figure (1E-a), few particles appeared with
contrast difference, while the inorganic core Ag nanoparti-
cles can be seen as darker contrast and polymer shell can be
seen as lighter contrast.*” The results are being in good

agreement with XRD data. The SAED pattern of nanoparti-
cles sample has also been shown in Figure (1E-d), which
revealed a characteristic circular diffraction pattern corre-
sponding to (111), (200), (220) and (311) planes of the face-
centered cubic silver nanoparticles.

EDAX analysis shows the presence of eight elements
(Ag, C, Cl, S, O, Au, P and Cr) in the PJSNPs powder
(Figure 1F), where the silver (60.2 weight%) is present as
major element followed by carbon (25.4 weight%), chlorine
(5.9 weight%), sulfur (2.6 weight%), oxygen (2.5 weight%)
and gold (1.7 weight%). However, some other unidentified
peaks were also seen (contributing 1.7 weight%). Thus, this
study indicates that pure crystalline nature is solely com-
posed of silver. Similar studies exhibiting weak signals from
Cl in synthesized SNPs colloid have also been reported
which may be due to the presence of impurities in bacterial
supernatant.*’

As TEM coupled Oxford EDAX, microprobe analysis
is a quantitative analysis of several spots was carried out,
and finally, an average value of elements is considered.
TEM and EDAX studies revealed the spherical nature of
particles synthesized from silver metal.

Zeta Potential

Zeta potential experiments were carried out to investigate
the electrostatic stability of the synthesized PJSNPs. The
magnitude of the zeta potential is a measure of electrostatic
repulsion between adjoining and similarly charged particles
in a dispersion. Molecules or colloids with high zeta poten-
tial values are electrostatically stable in comparison to col-
loids with low zeta potential as in the later case attractive
forces are greater than the repulsive forces resulting in
coagulation.** In the present study, PJSNPs owned a zeta
potential of —26.71 mV (Figure 1G) which suggests that the
surface of the nanoparticles is negatively charged and dis-
persed in the medium. The negative value confirms the
repulsion between the particles and proves that they are
very stable. Also, the negatively charged particles are less
cytotoxic compared to positively charged and the later ones
are rapidly cleared from the bloodstream.*’
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Fourier Transform Infrared Spectroscopy

The FTIR measurement was studied to identify the possible
biomolecules responsible as capping and reducing agent for
the SNPs synthesized by the extract (Figure 1H). The
intense broadbands at 3600 and 3200 cm ' are probably
due to the O-H and C-H stretching modes, respectively.
The PJSNPs did not show any band at 1744 cm ™', whereas
the prominent band of the same frequency was observed in
the PJ extract, indicating that the SNPs are stabilized
through the C=O bond. Carbonyl groups of the amino
acid residues and peptides of proteins have a strong affinity
for metal binding, signifying the importance of protein as an
encapsulating agent.*® Similarly, the absence of a peak at
1461 cm ™' (C=C group) in PJSNPs is probably due to the
reduction of AgNO; to Ag.*’ Comparison of the FTIR
spectra of PJSNPs with PJ extract discloses the occurrence
of functional groups such as amines, carboxylic acids, alde-
hydes and alcohols which are most likely to be accountable
for reducing and capping the silver ions.*®

Anticancer Potential of PJ Extract and

PJSNPs
Brine Shrimp Lethality Assay
It is an important tool for the preliminary cytotoxicity
screening of plant extracts based on the ability to kill
laboratory-cultured brine shrimp. Criteria of toxicity fol-
lowed were LCs, values >1000 pg/mL (non-toxic), 500 to
1000 pg/mL (weak toxicity) and <500 pg/mL (toxic).**>°
In the present study, four different concentrations (2,
20, 200 and 2000 ug/mL) of PJ extract, as well as PJSNPs,
were used to access their cytotoxicity using the brine
shrimp lethality assay. LCsy values for PJ (2000 ug/mL)
were three times higher than the PJSNPs (632.45 pg/mL).
As already reported LCso values > 1000 pg/mL are non-
toxic; consequently, PJ is non-cytotoxic in nature; how-
ever, PISNPs exhibited weak toxicity in the brine shrimp
lethality assay. The toxicity of silver nanoparticles against
brine shrimp has also been reported in the literature.”'>
Collectively, the cytotoxic effects of PJSNPs to brine
shrimp can be associated with anti-cancer properties and
could be developed further as an unconventional source of
anti-cancer drugs. Therefore, we further studied the cyto-
toxic effect of the PJ extract and PJSNPs in the different
cell lines using the MTT assay.

MTT Assay
The MTT reduction assay is used for the determination of the
cytotoxic effect of a substance in the liver cells. The AgNOs3,

Table 2 IC; Values of PJ, PJSNPs and AgNO; Against PANC-1,
MDA-MB 231 and HCT-116

Compound | Cell Line Cell Type 1C5o (mg/mL)
PJ PANC-I| Pancreatic cancer cell line | 8.6

PJ MDA-MB 231 [ Breast cancer cell line 7.7

P HCT-116 Colon cancer cell line 6.0

PJSNP PANC-I| Pancreatic cancer cell line | 0.36

PJSNP MDA-MB 23| | Breast cancer cell line 0.26

PJSNP HCT-116 Colon cancer cell line 0.54

AgNO; PANC-| Pancreatic cancer cell line | 0.00025
AgNO, MDA-MB 231 | Breast cancer cell line 0.00029
AgNO; HCT-116 Colon cancer cell line 0.00025

PJ extract and PJSNPs were tested against PANC-1, MDA-
MB 231 and HCT-116 cell lines. The results (Table 2;
Figure 2) show the cytotoxicity at different concentrations
(10 to 0.0097 mg/mL) in a dose-dependent manner which is
supported by a previous study in which silver nanoparticles
have affected the cell viability in a dose-dependent manner in
a variety of mammalian cell lines.”

As compared to control, the percentage of cell
growth inhibition was found to be very high with dif-
ferent concentrations of AgNO; followed by PJSNPs
and PJ. The cytotoxic effect of AgNO; and PJSNPs
were also tested in isolated PBMC cells where AgNO;
caused cytotoxicity (55% cell viability) even at the low-
est concentration (0.0097 mg/mL) whereas PJSNPs
showed no toxic effect of the same concentration
(Figure 3). The ICsy values of PJ extract (8.6, 6.0 and
7.7 mg/mL) were higher compared to PJSNPs (0.36,
0.54 and 0.26 mg/mL) and AgNO; (0.00025, 0.0025
and 0.0029 mg/mL) against PANC-1, HCT-116 and
MDA-MB 231 cell lines after 24 hrs of incubation
(Table 2). From the results, the cytotoxicity of AgNO;
> PJSNPs > PJ which signifies the importance of nano-
nization of AgNO; to PJSNP as the former is showing
toxicity in normal cells also at the lowest tested con-
centration. The reason for higher toxicity of PJSNPs
may be due to the stimulation of reactive oxygen spe-
cies (ROS) activity leading to various cellular events
DNA
damage, apoptosis, and cancer.’*>> In the previous stu-

like cytotoxicity, unregulated cell signaling,
dies, silver nanoparticles are reported to interfere with
the electron-transport chain by activation of NADPH-
related enzymes and depolarizing the mitochondrial
membrane resulting in increased cellular levels
of ROS.°>® In another study when human gliob

lastoma and fibroblast cells were treated with silver
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Figure 2 Effects of P) extract and PJSNPs on cell viability against human cell lines based on MTT assay after 24 h of incubation. Cell lines treated with various concentrations
of PJ and PJSNPs ranging from 0.0097 mg/mL to 10 mg/mL. Phase-contrast microscopy showing cytotoxic effect on (A) Pancreatic Carcinoma PANC-I; (B) Colon carcinoma
HCT-116 and (C) Breast cancer MDA-MB 231 cells.
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Figure 3 Comparative cytotoxicity of AgNO3/PJSNPs on (A) PBMC (Peripheral Blood Mononuclear Cell as normal cell line); and AgNOs/P)/PJSNPs on (B) Pancreatic
Carcinoma PANC-1; (C) Colon carcinoma HCT-116 and (D) Breast cancer MDA-MB 231 cell lines.

nanoparticles, high levels of ROS-mediated cytotoxicity
were observed due to disruption of the electron-transfer
chain.*’ However, in one of the studies, researchers
reported a different mechanism which involves deactiva-
tion of enzymes by the formation of stable S-Ag bond
with the thiol group of enzymes in the cell membrane;
or denaturation of the DNA by breaking hydrogen bonds
between nitrogen.>> Some of the studies claim that the
smaller the size of silver nanoparticles, the stronger is
the cytotoxicity,®*®! because the size has an effect on its
uptake by the cells. We have also observed similar
results in the present study that the small size (~8 £2
nm) of PJSNPs may be the reason for better cellular
activity of PJSNPs compared to PJ extract.

The cytotoxicity displayed by PJSNPs at lower concen-
trations might be linked to the phytoconstituents present in
the plant extracts which are involved in AgNP formation.®>
Moreover, the cytotoxic effects of biosynthesized AgNPs
against breast cancer MCF-7 cell line,** Hep-2 cancer cell
line® and HeLa cell lines® also support our outcomes.

Apoptosis Induction

To find out if the mechanism of cell death is by apoptosis,
the cancer cell lines were treated at ICso concentration of
PJSNPs. The results were evaluated by Annexin V-FITC/
PI assay and DNA fragmentation assay.

(1) Annexin V-FITC/PI assay. Cell death induced by

PJSNPs was investigated for apoptotic activity by
monitoring Phosphatidylserine (PS) translocation
using the Annexin V-FITC/PI assay. Early apoptosis
is characterized by the translocation of PS from the
inner layer of the plasma membrane to the outer
surface.*® Apoptotic cells are reflected by the quanti-
fication of Annexin V-FITC binding to externalized
PS. In flow cytometer analysis, Annexin V/Propidium
iodide (AnnV/PI) staining is based on the ability of the
protein Annexin V to bind to Phosphatidylserine (PS),
which is externalized in the outer cell membrane leaflet
upon induction of apoptosis. In viable cells, PS
is located in the inner-membrane leaflet, but
upon induction of apoptosis, it is translocated to the
outer-membrane leaflet and becomes available for
Annexin V binding. The addition of PI enabled viable
(AnnV /PI"), early apoptotic (AnnV'/PI"), late apop-
totic (AnnV"/PI"), and necrotic (AnnV /PI") cells to
be distinguished.®” The flow cytometry analysis of
HCT-116, MDA-MB 231 and PANC-1 and cells
showed that the cell population tended to shift from
viable to apoptotic, on treatment with PJSNPs. After
treatment with ICsy concentration of PJSNPs, the
apoptotic cells were found higher in HCT-116
(71.5%), MDA-MB 231 (69.0%) and PANC-1
(76.8%) cells as compared to the respective control.
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In contrast, the more number of live cells was found in
untreated HCT-116 (87.2%), MDA-MB 231 (73.3%)
and PANC-1 (99.1%) cells (Figure 4). In addition,
the percent of dead (necrotic) cells observed in treated
cells were 8.38, 1.18 and 3.78 in HCT-116, MDA-MB
231 and PANC-1, respectively (Figure 4). These
results demonstrate the ability of PISNPs to exert
apoptosis in all the tested cancer cell lines.

DNA fragmentation assay. The DNA of HCT-116,
PANC-1 and MDA-MB 231 cells treated with
PJSNPs at ICso concentration were extracted and
loaded on the agarose gel. The results of DNA
“laddering” pattern extracted from cells treated

with  PJSNPs 5,
(Supplementary Figure 1). The fragmentation pat-

are shown in Figure

tern we observed was quite similar to that reported
for treated with
nanoparticle.®® It appears that during DNA frag-
mentation the silver particles accumulated inside
the nucleus may possibly influence the DNA and
cell division® by stimulating dose-dependent DNA
damage, chromosomal aberrations, errors in chro-

cancer cell lines silver

mosome segregation, sister chromatic exchanges
and formation of micronuclei.’”>’® Consequently,
it can be speculated that the similar pathways are
pursued by PJSNPs to induce DNA fragmentation.

Intensity_PI
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BF Pl Anx-FITC
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- Early Apoptotic cells
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Figure 4 The PJSNPs induced apoptosis in three human cancer cell lines (HCT-116, MDA-MB 231 and PANC-I) after 24 h of incubation. Flow cytometer was used to collect
8000 cell count. Viable cells do not take any color (Annexin V/PI"), early apoptotic cells (Annexin V*/PI") are green, late apoptotic cells (Annexin V*/PI") are green and red,
and necrotic cells (Annexin V7/PI*) are red. (A) In the figure (a-b) represent HCT-116, (c-d) represent MDA-MB 231 cells and, (e-f) represent PANC-1 cells. (B) Figures
represent fluorescence images obtained from the flow cytometer.
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Figure 5 DNA ladder on agarose gel electrophoresis. Lane M: 100 bp ladder, LI:
MDA-MB 231 control, L2: MDA-MB 23| treated, L3: HCT-116 control, L4: HCT-
116 treated, L5: PANC-1 control, L6: PANC-1 treated.

Conclusion
Putranjiva roxburghii Wall. mediated silver nanoparticles
(PJSNPs) were synthesized and characterized using var-
ious techniques. The silver nanoparticles were ~8+ 2 nm
spherical shaped, face-centered cubic having a negative
charge. The small size and negative zeta potential could
be the reasons that they are specifically taken up by the
tumor cells. The biological studies indicated that aqueous
extract of Putranjiva roxburghii Wall. seed was non-
cytotoxic while the silver nanoparticles displayed weak
cytotoxicity in the brine shrimp lethality assay. In MTT
assay, PJSNPs displayed better cytotoxicity than PJ
extract. However, AgNO; is toxic to normal cell also at
the lowest tested concentration whereas PJISNPs showed
no toxic effect at the same concentration. This reflects the
importance of nanonization of AgNO; to PJSNP as the
former is displaying toxic effect in normal cells also. In
addition, the flow cytometric studies confirmed that the
PJSNPs induced cell death via the apoptosis mechanism.
Thus, our findings propose the anticancer prospective
of biosynthesized PJSNPs against human cancer cells and
might play a significant role in the development of new
and effective therapeutic agent for cancer treatment.
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ABSTRACT

Cardenolides have a long history of therapeutic relevance
for treatment of heart failure and arrhythmia. Recently,
they have emerged as promising agents in various diseases
including cancer, cystic fibrosis, spinobulbar muscular
atrophy and other polyglutamine-related diseases. The P
glycoprotein inhibitory property of cardenolides makes
them excellent targets to treat multidrug resistant cancers.
In this review we have compiled the naturally occurring
cardenolides from plants source and highlighted their
multi-therapeutic role in treatment of various diseases
which will be beneficial for future research.

Keywords- Cardenolides, Heart failure, Na’/K*-ATPase
inhibitor, P Glycoprotein inhibition, NF- B, Cancer.

Abbreviations:  Na’/K'-ATPase,  Sodium/Potassium-
Adenosin  Tri Phosphtase; NCX exchanger, Sodium
Calcium Exchanger; SR, Sarcoplasmic Reticulum;
SERCA?2, Sarco/Endoplasmic Reticulum Ca®*-ATPase;
NF-kB, Nuclear Factor Kappa-light-chain-enhancer of
activated B cells; bFGF, Basic Fibroblast Growth Factor;
KLK, Kallikreins; FGF-2, Fibroblast Growth Factor-2;
ROS, Reactive Oxygen Species

1. INTRODUCTION

Plants have been an integral part of primary health care
since a very long time and are in use till today [1, 2]. In
earlier times, mainly crude plant extracts were used for
treating various ailments but later scientists started
focusing on specific interactions between drug entity and
biomolecules which developed the concept of “active
constituent” leading to isolation of some of the early drugs
from plants such as digitoxin and quinine [3-5]. Cardiac
(from Greek word ‘kardia’, meaning heart) glycosides are
secondary plant metabolites which comprise of a potent
group of naturally occurring drugs. On the basis of the
structure they are classified as cardenolides and
bufadienolides. The cardenolides have an unsaturated
butyrolactone (5 membered) ring while the bufadienolides
have a pyrone (6 membered) ring. The bufadienolides are
characteristic features of some plants (members of
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Urginea) and toads’ family Bufonidae, which are secreted
as a defensive response to predators. Cardenolides,
however, are produced almost exclusively by plants and
serve to protect them from herbivory [2, 6-8]. This toxic
attribute was exploited by humans to use them as arrow
poisons [9, 10].

At low concentrations, cardenolides are priceless drugs for
treating heart failure in humans. Oleandrin and
oleandrigenin derived from Nerium oleander L. are used
in the treatment of cardiac abnormalities in Russia and
China for years [11]. The researchers have also conducted
extensive pharmacological studies to prove cardiotonic
activity of peruvoside [12, 13] on failing human heart.
Another cardiac glycoside; tardigal, is used sometimes in
place of digoxin as it has longer half-life than digoxin and
is eliminated via the liver, unlike digoxin therefore could
be used in patients with poor kidney function [14]. Many
cardenolide have shown prominent anti-cancer activity
[15-18]. Additionlly, cardenolides have role in treating
various other diseases [19-22] and a number of
cardenolides are marketed as drugs not only in US but also
in several other countries.

Till date several reviews on cardiac glycosides have been
published discussing cardenolides and bufadienolides
together, describing their mechanism of action, structure-
activity relationships, therapeutic applications and
evolutionary ecology [20, 23-25]. However, a
comprehensive review covering the latest studies on
cardenolides alone is lacking. Therefore, in the current
review article we have focused on the distribution,
biosynthesis, mechanism of action and therapeutic
applications of plant obtained cardenolides.

2. DISTRIBUTION OF CARDENOLIDES IN
PLANTS

With a huge diversity of chemical forms, these secondary
metabolites are sporadically distributed across various
botanical families. Apocynaceae family has maximum
number of cardenolides containing plants compared to
other families. This family represents more than half of 55
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cardenolide bearing genera, including the two genera
(Asclepias and Strophanthus) with most cardenolide-
bearing species [26]. Various plant families and the
species containing cardenolides are Apocynaceae [6, 8,
27-73], Asparagaceae [74-79], Asteraceae [80],
Brassicaceae  [68, 81-88], Celastraceae [89-94],
Combretaceae [95-97], Crassulaceae [98], Euphorbiaceae
[99-101], Fabaceae [102, 103], Moraceae [104-113],
Ranunculaceae [68, 114-117], Scrophulariaceae [36, 118],
Solanaceae [119] and Malvaceae [120-125] (Table 1).
Cardenolides occur in all plant tissues though best studied
in the leaves. After their synthesis they are either stored in
cell vacuoles or loaded in the sieve tubes for transport to
other sinks such as stem, leaves, flowers etc. A tissue
specific expression of cardenolide was observed in
Apocynaceae [26, 126-128] and Asparagaceae family
[129]. The cardenolide concentration varies in different
species of same genera. As among Asclepias species, A.
masonii Woodson, A. albicans S. Watson, A. viridis Raf.

1872

and A. erosa Torr., have high cardenolide content while A.
incarnate L., A. tuberose L. and A. verticillata L. are
characterized by low cardenolide content. In fact, there is a
remarkable difference in cardenolide content in various
parts of same plant. For example, the relative
concentrations of four cardenolides increase from the roots
to leaves to stems to latex in A. eriocarpa Benth. [130]. A
very high concentration of cardenolides was observed in
latex of A. humistrata Walter compared to its leaves [131].
It is generally accepted that cardenolides are a potent
chemical defense exhibited by the plants against various
predators. In seeds of A. syriaca L., cardenolides are
concentrated in the embryos; the parts on which Lygaeid
bugs feed [132]. The high cardenolide in young leaves of
D. purpurea L. protect the plant from grazing animals
[133].Thus cardenolides have a significant role in
providing chemical protection required for the plant
survival.

Table 1 Some Cardenolides from Plants

Family Species

No.

Cardenolides (and Glycosides)

Acokanthera
(A.DC.) Schweinf.
A. venenata (Burm.f.) G.Don

1 Apocynaceae

A. longiflora Stapf

schimperi

A. deflersii Schweinf. ex Lewin

A. spectabilis (Sond.) Hook.f.

Ouabain (G-strophantin), Acovenoside A-C,
Spectabilin [56]

Adenium
Schinz
A. somalense Baif.
A. honghel Lindl.

multifiorum (Klotsch) Codd]

boehmanianum

A. multiflorum [A. obesum var.

Echujin, Hongheloside G (Somalin), Hongheloside
A, C [60]

Apocynum camrabinum L.

Cymarin [28]

Cerbera odollam Gaertn.

C. tanghin Hook.
C. mangus L.

Nerium oleander L.
N. odorum Lam.
N. indicum Mill.

Cerberin, beta-O-(2'-O-acetyl-I- thevetosyl)-15(14--
>8)-abeo-5 beta-(8R)-14-oxo-card-20(22)-enolide (2'-
O-acetyl cerleaside A, cerleaside A, 17 alpha-
neriifolin, 17 beta- neriifolin [49]

Tanghinin

Deacetyltanghinin, 17-a, 17-p Cerdollaside, 17-a, 17-
B Solanoside, 17-a, 17-p Neriifolin, Cerberin,
12alpha-epoxy-(5beta,14beta,17betaH)-card-20 (22)-
enolide, (-)-14-hydroxy-3beta-(3-O-methyl-6-deoxy-
alpha-L-glucopyranosyl)-11alpha,12alpha-epoxy-
(5beta,14beta,17betaH)-card -20(22)-enolide [31, 32,
45, 48]

Oleandrin, Neriin, Neriantin, Neridiginoside,
Nerizoside, Neritaloside, Odoroside-H, Cardenolides
B, B-1 & B-2, Neriside, Odoroside A-B [30, 33, 43,
65, 66]
3beta-O-(beta-D-diginosyl)-14,15alpha-dihydroxy-
5alpha-card-20(22)-enolide uzarigenin, cardenolide
N-1 [64]
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Streptocaulon griffithii
J. D. Hooker

Streptocaulon tomentosum
Wight & Arnott

Streptocaulon juventas (Lour.)
Merr.

3beta,5heta,14beta-trihydroxyl-card-16,20(22)-
dienolide, 3-O-beta-D-glucopyranosyl-5beta,14beta-
dihydroxyl-card-16,20(22)-dienclide, digitogenin, 16-
O-acetylgitoxigenin , periplogenin , 16-O-
acetylperiplogenin, periplogenin digitoxoside ,
periplogenin-3-O-beta-D-glucopyranoside and
periplogenin-3-O-beta-D-glucopyranosyl-(1-->4)-O-
beta-D-digitoxopyranoside, 3-
O(betaglucopyranosyl)acovenosigenin A, (17 alpha)-
H-periplogenin-3-O-beta-D-glucopyranosyl-(1-4)-2-
O-acetyl-3-O-methyl-beta-fucopyranoside [54,55]
Digitoxigenin 3-O-[O-B-D-glucopyranosyl-(1 — 4)-
2-O-acetyl-B-D-digitalopyranoside] (1) and
periplogenin 3-O-[O-B-D-glucopyranosyl-(1 — 4)-O-
B-D-glucopyranosyl-(1 — 4)-B-D-cymaropyranoside
[50]

lao, 14B-dihydroxy-5p-card-20 (22)-enolide 3-O-[O-
B-D-glucopyranosyl-(1—2)-p-D-digitalopyranoside] ,
Acovenosigenin A 3-O-[O-B-D-glucopyranosyl-
(1—4)-p-D-digitalopyranoside] , 16-O-acetyl-
hydroxyperiplogenin 3-O-B-D-digitoxopyranoside ,
digitoxigenin 3-O-[O-B-D-glucopyranosyl-(1—6)-O-
B-D-glucopyranosyl-(1—4)-2-O-acetyl-B-D-
digitalopyranoside] , 16-O-acetyl-
hydroxyacovenosigenin , 1B, 3B, 14p-trihydroxy-58-
card-16, 20 (22)-dienolide, Acovenosigenin A 3-O-
beta-digitoxopyranoside , digitoxigenin gentiobioside
, digitoxigenin 3-O-[O-beta-glucopyranosyl-(1-->6)-
O-beta-glucopyranosyl-(1-->4)-3-O-acetyl-beta-
digitoxopyranoside] (3), digitoxigenin 3-O-[O-beta-
glucopyranosyl-(1-->6)-O-beta-glucopyranosyl-(1--
>4)-0-beta-digitalopyranosyl-(1-->4)-beta-
cymaropyranoside] , periplogenin 3-O-(4-O-beta-
glucopyranosyl-beta-digitalopyranoside) [47,70,71]

Strophantus gratus (Wall. and
Hook.) Baill.

S. kombe Oliver

S. hispidus Stroph

S. sarmentosus DC.

S. eminii Asch. & Pax

S. boivinii Baill.

Ouabain (G-strophantin), Cymarin,
Sarmentocymarin, Periplocymarin, K-strophantin [6],
Boivinide A-F [57]

Thevetia neriifolia Juss. ex
A.DC.
T. yecotli A.DC.

Thevetin, Cerberin, Peruvoside
Thevetosin, Thevetin A [27, 34]
Neriifoside, Peruvoside and Lupeol acetate [39]

Urechitis suberecta

Urechitin, Urechitoxin [6]
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Asclepias curassavica L.

A. eriocarpa Benth.
A.incarnate L.

A. labriformis M. E. Jones

A. syriaca L.

A. tuberosa L.

A. fruticosa L.(syn.
Gomphocarpus fruticosus)
Cryptostegia grandiflora R. Br.

Oxystelma esculentum R. Br.

Uzarigenin, Xysmalogenin, Coroglaucigenin ,
Gofruside , 6-0-(E-4-hydroxycinnamoyl)-
desglucouzarin 6-O-sinapinoyl-desglucouzarin,
Calactin , 16a-acetoxycalactin, Calotropin 16a-
acetoxycalotropin , asclepin, 16a-hydroxyasclepin ,
16a-acetoxyasclepin uscharin , 16a-hydroxyuscharin,
uscharidin and 19-nor-16a-acetoxy-10p-
hydroxyasclepin, 12beta,14beta-dihydroxy-3beta,19-
epoxy-3alpha-methoxy-5alpha-card-20(22)-enolide,
12beta-hydroxycalotropin, 12beta-
hydroxycoroglaucigenin, Calotropagenin ,
Desglucouzarin, 6'-O-feruloyl-desglucouzarin,
Calotropin, Uscharidin , Asclepin [61, 62]
Eriocarpin, Desglucosyrioside, Labriformin [8]
Frugoside and Gofruside [46]

Labriformin, Eriocarpin, Desglucosyrioside
Syrioside, Syrioboside, Desglucosyrioside [36]
Gomphoside, Afroside [227-229]

3'-spiro-linked thiazolidinone and S-
oxythiazolidinone derivatives of delta5-Calotropin,
3'-0O-beta-D-Glucopyranosyl delta5-calotropin,
Cryptograndoside A-B [36, 44]

Oxyline [38]

Pergularia tomentosa L.

3'-0O-beta-D-glucopyranosylcalactin 12-
dehydroxyghalakinoside, 6'-dehydroxyghalakinoside,
Ghalakinoside and Calactin, Pergulrotoside,
Uscharidin, Calactin, 12 B-hydroxycalotropin, 6°-
hydroxycalactin , and Galakinoside [37, 52, 72]

Periploca graeca L.
P. nigrescens Afzel.
P. forrestii Schltr.

Periplocin [58]
Strophantidin, Strophantidol, Nigrescin
Periforosides D—H, Periforgenin C [63, 69]

Xysmalobium undulatum

Xysmalobin, Uzarin.,Xysmalorin, Urezin, Uzaroside,
Ascleposide, Glucoascleposide [68]

Gomphocarpus fruticosus

(syn. Asclepias fruticosa) (L.)
W.T. Aiton

G. sinaicus Boiss.

Uzarin,Uzarigenin, Gomphotin,

Desglucouzarin, Gomphoside, Afroside [29, 35]

15 beta-hydroxycalotropin, 15 beta-hydroxy-7,8-
dehydrocalotropin, Calotropin, 5,6-
dehydrocalotropin, 3'-epi-afroside, 14 beta,17 alpha-
epoxy-5,6-dehydrocalotropin, 15 beta-
hydroxycalotropin, 15 beta-hydroxy-5,6
dehydrocalotropin, Coroglaucigenin-3-(6-deoxy-
beta-D-allopyranoside)-19-acetate, 5,6-
dehydrocalotropagenin and 16 alpha-hydroxy-5,6-
dehydrocalotropin [40-42]

Calotropis procera W.T. Aiton

C. gigantea R. Br

Calotropin, Calactin, Uscharin, Calotoxin, 2"-
Oxovoruscharin, Proceraside A [51, 68, 73]

Asclepin [230, 231]

19-Nor- and 18,20-epoxy-cardenolides, Uscharin
[53, 67]
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2. Asparagaceae Urginea fugax (Moris) Steinh | Fugaxin [77]

(syn. Drimia fugax)

Ornithogalum magnum Ornithogalin [74]

O. thyrsoide Jacq. Ornithosaponin [78]

Convalaria majalis L. Convalloside, Convallatoxin. Strophanthidin-3-O-6'-
deoxy-beta-D-allosido-alpha-L-rhamnoside,
Strophanthidin-3-O-6'-deoxy-beta-D-allosido-alpha-
L-arabinoside, Srophanthidin-3-O-alpha-L-
rhamnosido-2'-beta-D-glucoside, Cannogenol-3-0-6'-
deoxy-beta-D-allosido-beta-D-glucoside, cannogenol-
3-0-6'-deoxy-beta-D-allosido-alpha-L-rhamnoside,
19-hydroxy-sarmentogenin-3-O-alpha-L-rhamnoside,
Sarmentogenin-3-0-6'-deoxy-beta-D-allosido-alpha-
L-rhamnoside and Sarmentogenin-3-O-6'-deoxy-beta-
D-guloside,Cannogenol-3-O-alpha-L-rhamnoside and

Tupistra chinensis Baker. Cannogenol-3-0-beta-D-allomethyloside [75,76]
Tupichinolide [79]

3. Asteraceae Saussurea stella Maximowicz | 3-O-beta-D-fucopyranosylstrophanthidin , 3-O-beta-
D-quinovopyranosylperiplogenin and 3-O-beta-D-
glucopyranosyl-(1 --> 4)-alpha- |-
rhamnopyranosylcannogenin [80]

4, Brassicaceae Erysimum cheiri (syn. Cheiroside A, Cheirotoxin.

Cheiranthus cheiri) (L.) Erysimoside, Glucoerysimoside, Erycanoside [68, 81]

Crantz, Cheiranthosides I-VII, Erysimoside and Erychroside

E. canescens Roth [84-86]

E. cheiranthoides L. Strophanthidin, Uzarigenin [83]

E. inconspicuum (S. Watson)

MacMill Erysimin and Erysimoside [82]

E. altaicum Maxim

E. marschallianum Andrz. ex

M. Bieb.

E. nuratensae Popov ex Desglucocheirotoxin, Canescein, Erydiffuside

Botsch. & Vved.

Syrenia siliculosa (M. Bieb.) Gypsobioside

Andrz Cuspidoside [82]

E. diffusum Ehrh. Corchoroside A , Helveticoside,

E. violascens Popov cellobiosyldigigulomethyloside,

E. cuspidatum (M.Bieb.) DC Erysimoside [88]

Draba nemorosa L. Cellobiosyldigigulomethyloside [87]

Cheiranthus allioni Hort

5. Celastraceae Euonymus hamiltonianus (syn. | Euonymoside A [89]

E. sieboldianus) Wall.

E. alatus (Thunb.) Sieb. Acovenosigenin A 3-O-alpha-L-ramnopyranoside ,
Euonymoside A and Euonymusoside A [90]
Digitoxigeninglucoside , Quinovoside , Xyloside,

Elaeodendron sp. Elaeodendrosides T and U, Elaeodendrosides A-C, F-
G, K-S [92-94]

Crossopetalum gaumeri Securigenin-3beta-O-beta-6-deoxyguloside,19-

(Loes.) Lundell hydroxy-sarmentogenin-3beta-O-beta-6-
deoxyguloside,Sarmentogenin-3beta-O-[alpha-
allosyl-(1-->4)-beta-6-deoxy alloside], and
Securigenin-3beta-O-[alpha-allosyl-(1-->4)-beta-6-
deoxyal loside] [91]
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Combretaceae

Terminalia
Wight & Arn.
Terminalia bellerica (Gaertn.)
Roxb.

arjuna  (Roxb.)

14,16 dianhydrogitoxigenin-3-beta-D-xylopyranosyl
(1 -->2)- O-beta-D-galactopyranosidel6,17-
dihydroneridienone 3-O-beta-D-glucopyranosyl-(1--
>6)-0-beta-D-galactopyranoside [95, 97]
Cannogenol 3-O-beta-D-galactopyranosyl-(1-->4)-O-
alpha-L-rhamnopyranoside [96]

Crassulaceae

Bryophyllum delagoense (syn.
Kalanchoe tuberose) H. Perrier

Kalantubolide A-B [98]

Euphorbiaceae

Mallotus philippinensis Muell.
Arg

Trewia nudiflora L.

Coroglaucigenin, Coroglaucigenin L-rhamnoside L-
rhamnoside, Corotoxigenin, Corotoxigenin L-
rhamnoside CHO L-rhamnoside,

Corotoxigenin L-rhamnoside and Corogl-aucigenin
L-rhamnoside [99, 101]

Trewianin and Trewioside [100]

Fabaceae

Coronilla sp.

Tamarindus indica L.

Alloglaucotoxin, Corotoxigenin,
Glucocorotoxigenin, Coronillobioside
Coroglaucin, Glaucorin, Hyrcanoside, Scorpioside
[102]
Uzarigenin-3-O-beta-D-xylopyranosyl (1
alpha-L-rhamnopyranoside [103]

Frugoside,

__>2)_

10.

Moraceae

A. toxicaria (Pers.) Lesch.
(Var. Antiaris africana Engler)

Antiarin Alpha & Beta, Toxicarioside M,
Toxicarioside H, Toxicarioside F —G, Antiarosides J-
X, Antiarosides A-l, Antiarotoxinin A,
Antiaritoxiosides A-G and Antiarotoxinin B,
Periplogulcoside, Convallatoxin , Convallatoxol,
Convalloside, 3-O-}-D-Xylopyranosyl strophanthidin
Glucostrosphanthidin, Strophanthidin

[105-112]

Toxicarioside D [104]

Toxicarioside J-L, Glucostrophalloside [109]
Strophalloside [113]

11.

Ranunculaceae

Adonis vernalis [Adon]. (syn.
A. apennina)

A. aestivalis L.

A. autumnalis L.

A. flammea Jacq.

A. amurensis Regel & Radde

Strophanthidin digitaloside and Strophanthidin 6-
deoxyguloside [114] Adonidin, Adonin, Cymarin,
Adonitoxin [68]
Strophanthidin-3-O-beta-D-digitoxosido-alpha-L-
cymarosido-be ta-D-glucoside and strophanthidin-3-
O-beta-D-digitoxosido-beta-D-digoxoside-bet a-D-
diginosido-beta-D-glucoside, 33,5a,14,17f-
tetrahydroxycard-20,22-enolide [115, 116]
Amurensiosides L-P [117]

12.

Scrophulariaceae

Digitalis purpurea L.

D. lanata L.

Digitoxin, Gitoxin, Gitalin, Digoxin,
Glucodigifucoside , 3'-O-Acetylglucoevatromonoside
, Digitoxigenin 3-O-B-D-glucopyranosyl-(1 — 4)-B-
D-glucopyranosyl-(1 — 4)-3-O-acetyl-p-D-
digitoxopyranoside, Purpureaglycoside A [118]
F-gitonin, Digitonin, Lanatoside A-C [36]

13.

Solanaceae

Nierembergia aristata D. Don.

17-epi-11 alpha-hydroxy-6, 7-dehydrostrophanthidin-
3-O-beta-boivinopyranoside, 6, 7-
dehydrostrophanthidin-3-O-beta-boivinopyranoside ,
and 6,7-dehydrostrophanthidin-3-O-beta-
oleandropyranoside [119]
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Corchorus aestuans L.
C. olitorius L.

14, Malvaceae

C. trilocularis L.

C. capsularia L.
Reevesia formosana Sprague

Cardenolides (glucoside A, B and C)[125]
Cannogenol  3-O-beta-D-glucopyranosyl-(1-->4)-O-
beta-D-boivinopyranoside, Periplogenin 3-O-beta-D-
glucopyranosyl-(1-->4)-O-beta-D-digitoxopyranoside
and Digitoxigenin 3-O-beta-D-glucopyranosyl-(1--
>6)-0-beta-D-glucopyranosyl-(1-->4)-O-beta - D-
digitoxopyranoside [122]

Canarigenin 3-O-p-d-boivinoside, Corchoroside B
[121]

Corchortoxin, Corchorin(Stropanthidin)[120]
Reevesioside A-l, Epi-reevesiosides F-1 [123-124]

3. BIOSYNTHESIS OF CARDENOLIDES

Even though cardenolides have been used for centuries,
still the exact biosynthetic pathway leading to 5 pB-
cardenolides is not yet clear and it is presumed that more
than one pathway may be operative [134-135]. The
“Pregnane  pathway” include pregnenolone and
progesterone whereas, in the “Norcholnic acid pathway”
23-nor-5,20(22)E-choldienic acid-3p-ol is the norcholnic
acid equivalent of pregnenolone. The latter is operative
only in the formation of fucose-type -cardenolides.
Nevertheless, a metabolic ‘grid” instead of a linear
biosynthetic pathway can better explain cardenolide
biosynthesis as the intermediates of the pregnane pathway
may serve as the substrates [136]. The different routes
leading to final cardenolide are well described by Schebitz
etal., [137] (Fig. 1). Cardenolide biosynthesis involves the
transformation of sterols to pregnenolone. It is converted
by  A°-3p-hydroxysteroid  dehydrogenase  (3BHSD;
EC1.1.1.145) into isoprogesterone, which on isomerization
forms progesterone. Progesterone 5B-reductase (P5SPR; EC
1.3.1.3) catalyses 5B-reduction of progesterone to 5p3-
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pregnan-3, 20-dione. As all cardenolides are 5p-
configurated the  stereospecific =~ 5B-reduction  of
progesterone is a required step for cardiac glycoside
biosynthesis in foxglove plants [138]. In a second
stereospecific reaction, 3B-hydroxysteroid-5p-
oxidoreductase converts 5B-pregnan-3,20-dione into 5B-
pregnhan- 3b-ol-20-one. Sequential hydroxylations at C14,
C21 and the lactone ring formation at C17 lead to
aglycone digitoxigenin. Stereospecific reactions determine
that all the Digitalis cardenolides are B-configured at C3,
C5, C14 and C17. The therapeutic role of cardenolides is
based not only on the structure of aglycones, but also on
the type and number of sugar units attached at C3. The
secondary cardenolides (without sugar) are actively
transported into the vacuole by a primary
glycosidetranslocase after glucosylation by cytoplasmatic
glucosyltransferases [139]. The polarity improves upon
glucosyltion and therefore prevents its passive efflux out
of the vacuole. The interconversion of primary to
secondary cardenolides may be responsible for their
existence in various plant tissues such as the latex [140]
and the nectar of some milkweeds [141].
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Sterol precursors

Pregnane Acholamc am& Cardenohdes
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Digoxigenin
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Figure 1 Proposed Pathways for the Preparation of Cardenolides, (i) Pregnane, (ii) Norcholanic acids, (iii) Cardenolides
as per described by Schebitz et. al. [137]

3.1 Mechanism of Action of Cardenolides for
their ATPase Activity

Cardiac glycosides are allosteric inhibitors of Na’K'-
ATPase [EC 3.6.3.9] [23]. The inhibition of Na’/K®-
ATPase by cardiac glycosides is highly specific which
implies that Na’/K*-ATPase is the receptor for cardiac
glycosides. The catalytic site of the enzyme faces the
intracellular matrix while the regulator site (cardiac
glycoside binding site) is towards extracellular matrix.
Sodium and potassium activates the enzyme at
intracellular and extracellular site, respectively. During
catalysis, the enzyme undergoes several conformational
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changes involving phosphorylation (activated by sodium)
and dephosphorylation (activated by potassium). These
steps lead to transport of ions (Na®, K') across the
membrane [142]. Inhibition of Na’/K'-ATPase results in
high intracellular sodium concentration which in turn
inhibits NCX exchanger (responsible for pumping calcium
ions out of the cell and sodium ions in (3Na/Ca) as a result
calcium ions build up inside the cell, as well. Increased
cytoplasmic calcium concentrations cause increased
calcium uptake into the sarcoplasmic reticulum via the
SERCAZ? transporter. Raised calcium stores in the SR
allow for greater calcium release on stimulation, so the
myocyte can accomplish faster and more potent
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contraction by cross-bridge cycling (Fig. 2). This affects
the electrical physiology of the heart, blocking
atrioventricular (AV) conduction and reducing the heart
rate by enhancing vagal nerve activity (negative
chronotropy). Thus, cardiac glycosides not only act on
cardiac fibers but also on cardiac nerves, pulmonary
circulations, and on autonomic reflex activity [143, 144].
The vagomimetic action (decreased conduction velocity
through the AV node), baroreceptor sensitization
(resulting in anti-sympathetic activity) and renin-
angiotensin system (neurohormonal deactivating effect),
results in slowing heart rate so tht it can pump more blood
per beat through the body. The diastolic phase lasts longer,

1879

thus decreasing the heart rate. Raised extracellular
potassium decreases binding of cardiac glycoside to
Na'/K*-ATPase. As a consequence, increased toxicity of
these drugs is observed in the presence of hypokalemia.
Cardiac glycosides are prescribed in conditions of atrial
flutter, atrial fibrillation, paroxysmal tachycardia,
congestive heart failure that cannot be controlled by other
medication [145].

Recently, Na"/K*-ATPase has emerged as a flexible signal
transducer which can activate several downstream
signaling pathways and thus may have role in regulating
several other disease conditions [146].

Na"/K" ATPase

Cardenolides

Na*/Ca™ Exchanger

3Na

o
|

Increased contraction in myocyte

Figure 2 Mechanism of Action of Cardenolides

3.2 Structural Approach of Cardenolides
towards their ATPase activity

The plants can synthesize both cardenolide type (e.g.
Convallaria majalis L., Antiaris toxicaria Lesch, Digitalis
L., Nerium oleander L., Calotropis gigantea (L.) W.T.
Aiton) and bufadienolide type (e.g. Drimia maritima (L.)
Stearn, Kalanchoe sp.) cardiac glycosides. Cardenolides
are a group of remarkable steroidal glycosides derived
from triterpenoids which possess a five-membered lactone
group at C17, in the B position whereas the bufadienolides
have a six-membered lactone ring at this position.

The cardenolides mainly have three key moieties which
are crucial for their ATPase activity; the steroidal moiety:
interacting at active site through hydrophobic binding, the
lactone ring which has two interacting points (i.e. an
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electron-deficient B-Carbon atom and the carbonylic
oxygen atom), and finally the sugar moiety which interact
through hydrophobic bond and a hydrogen bond at C5' and
C3'-OH, respectively [23] (Fig. 3).The steroidal moiety is
considered to be the pharmacophore for the activity of
digitalis-like glycosides that is necessary for receptor
recognition [147, 148]. In quantitative structure activity
studies the energetic calculations between pharmacophore
and the receptor interaction, the steroidal moiety have the
high interaction energy which implies a strong binding
with amino acids at the active site [149, 150].

The lactone ring at C17f is another key moiety, playing a
crucial role in the ATPase activity of the cardenolides
[151].This ring contains two oxygen atoms which create
high negative potential and thus increase the directionality
of bond formation [152, 153]. It was confirmed by another
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research that on replacing other groups (except OH,
OCOMe and COOMe) at C17p the interaction energy
decreases [154]. This further elaborates the importance of
lactone ring in cardenolides for their ATPase activity. In
addition, some synthetic cardenolides were also designed
by replacing lactone ring with their synthetic counterparts
(pyridine or pyridazine, furan ring), but none of them
showed good inhibition. Further replacing Oxygen by
Nitrogen (furanone by pyrrolidone) or Sulphur decreases
the activity. However, some research showed that simple
lactone is not much responsible for the activity of
cardenolides [155, 156].

Sugars attached to the steroid motif also plays a crucial
role for the ATPase activity of cardenolides, similarly like

Sugar Moiety

varied between various cardenolides
for their ATPase activty

‘0
l
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lactone ring the sugar moiety also by themselves do not
show any activity [157] but their presence makes some
impact on the overall activity of cardenolides. The activity
of cardenolides is increased by increasing the sugar
moieties as monosaccharide-aglycone > disaccharide-
aglycone > trisaccharide-aglycone >> aglycone. The sugar
moieties in cardenolide vary from common glucose,
galactose, mannose or rhamnose, to other uncommon
sugars, as digitoxose, thevetose, cymarose, allose or
altrose. Interestingly, the sugar moieties conferred by 6’-
deoxysugars show maximum activity. In addition,
equatorial 4’-OH proves far better than its counterpart 4’-
OH axial group for potent activity.

Lactone Moiety

varied between five to
six membered ring in
various cardenolides fo
their ATPase activity

Steroidal Portion

[Pharmacophore of cardenolides essential for the ATPase]

activity

Figure 3 Key Structural Features of Cardenolides for ATPase Inhibitory Activity

3.3 Importance of Cardenolides as Heart
Failure Drug

Cardiac glycosides have a long history in the treatment of
cardiac disease. The digoxin and digitoxin are the two
main cardenolides approved by US FDA for the treatment
of heart failure (Table 2). The 1999 US consensus
recommendations for the management of heart failure
advocated administration of digoxin to improve the
clinical status of patients with heart failure in combination
with diuretics, an ACE inhibitor and a beta-blocker. They
reported digoxin to be a favored drug in patients with
rapid atrial fibrillation and to stop glycoside treatment in
the case of considerable sinus or atrioventricular block
[158].
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The importance of digoxin in treating heart failure remain
realistic as Digitalis Investigation Group (DIG) established
that digoxin at low serum concentrations significantly
reduced death rate in patients with chronic systolic and
diastolic heart failure [159]. The drugs other than cardiac
glycosides perform through calcium oscillations at
concentrations that do not interfere with the pumping
activity of Na'/K'-ATPase whereas cardiac-glycoside-
based drugs preferentially activate the signaling properties
of Na’’K'-ATPase which improves inotropy-to-toxicity
ratio thus making them better drugs for the treatment of
cardiac disorders [20]. Thus digoxin is the most
acknowledged drug for rate control in atrial fibrillation,
especially for heart failure patients [160].
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S Brand* Company/Country
N Compound Structure
0
B-Acetyldigoxin Ratiopharm, , Germany
Digox-CT CT Arzneimittel Germany
Digostada STADA Germany
Acetyldigoxin H H Novodigal Mibe, Germany
1 ? o .
R-isomer ﬁ \'(';o\ ‘ Corotal Austria
Qo 0 Wabosan Austria
: H H Lanatilin Unipharm, Bulgaria
US Pharmacopeia
2 Calotropin
Corglycon ® Arterium Co., Ukraine

Corglycon
(Convallotoxin)

4 | K-Strophanthin

Strophanthin K

Double-Crane, China
Halychpharm, Georgia

5 Deslanoside

OCedilanid-D

Novartis, US
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Digosyp, Digox

Digoxen

Digoxicor

Digoxin Alfresa

Digoxin Alpharma

Crystodigin Lilly, US
Tardigal
6 Digitoxin
Agoxin Aristopharma, Bangladesh
Apo-Digoxin Apotex, Canada
Centoxin Opsonin, Bangladesh
Cardiacin Center, Tiwan
Cardiogoxin Medipharma, Argentina
O - -
) Cardiotoxin Oboi, Philippines
HsC” ™~ “OH OH -
El OH -~ .OH Celoxin Celon, India
o . Digacin Mibe, Germany
0" "0" "CHj
CH, Digocard-G Klonal, Argentina;
Medigroup, Peru
Digoksino Sanitas, Lithuania
Digoregen
g goreg R.A.N., Germany
o Chugai Pharmaceutical,
Digosin Japan; CJ Cheiljedang,

South Korea

Cadila, India

Drug International,
Bangladesh
Briz, Latvia

Alfresa Pharma, Japan

Alpharma, Lithuania
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Digoxin Anfarm

Digoxin Baxter

Digoxin
BioPhausia

Digoxin Caraco

Digoxin Dak

Digoxin Grindeks

Digoxin Hospira

Digoxin Impax

Digoxin
Jugoremedija

Digoxin KY

Digoxin Leciva
Digoxin NIHFI

Digoxin Nycomed

Digoxin Pasteur
Digoxin R.A.N.
Digoxin Richter
Digoxin Roxane
Digoxin SAD
Digoxin Sandoz
Digoxin Sopharma

Digoxin Spofa

Digoxin Stevens

Digoxin Taiyo

Anfarm, Greece

Baxter, United States

BioPhausia, Sweden

Caraco, United States

Nycomed, Denmark

Grindeks, Georgia;
Grindeks, Latvia

Hospira, United States

Impax, United States

Jugoremedija, Bosnia &
Herzegowina

Kyoto Yakuhin, Japan

Zentiva, Czech Republic
NIHFI, Bulgaria

Nycomed, Estonia;
Norway

Pasteur, Chile

R.A.N., Germany
Gedeon Richter, Bulgaria
Roxane, United States
SAD, Denmark

Sandoz, Canada;US
Sopharma, Bulgaria

VUAB Pharma, Czech
Republic

JSP, United States

Taiyo Pharmaceutical,
Japan
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Digoxin Teva Teva, Poland
Digoxin West- West-Ward, United States
Ward Polfa Warszawa,
Digoxin WZF PolandGSK, US
Digoxina, Roche, US
Lanoxin,
Lanoxicaps,
Lanoxin
Lanicor
Beikeli Sanofi Aventis, China
Bemecor Lek, Poland
Lanirapid Chugai Pharmaceutical,
Japan
Lanirapid Kern, Spain
Lanitop Cheplapharm, Austria
CH, EuroCept, AGES, Austria
Metildigoxin Hoe O g WO Evolabis, Brazil
) Pharmakern, Portugal;
HO ° &n HO Pliva, Croatia (Hrvatska);
’ Slovenia
Riemser, Bulgaria ; Czech
Republic;  Germany
Greece ; Italy; Kenya
Vargas, Venezuela
Strodival Meda, Germany
Uabasin Taiwan Biotech, Taiwan
Ouabain Ouabain Ta Fong, Taiwan.

3.4 Importance of Cardenolides in Cancer

There is a vast literature on cytotoxicity of cardenolides
and numerous papers have been published describing the
anti-cancer properties of these compounds in vitro the
earliest report dating back to 1967 [161]. Since then, a
number of experiments were conducted to establish anti
proliferative effect of different cardenolides on various
cancer cell lines, namely, leukaemia [162-164], breast
[165-169], gastric [113], lung [70, 71, 170, 171], prostate
[15, 73, 124], pancreatic [172, 173], melanoma [47, 88,
174, 175], neuroblastoma [176, 177], renal
adenocarcinoma [118, 166, 178] and retinoblastoma
[179]. Lower mortility rates have been observed in
patients receiving cardenolide treatment though the exact
mechanisms underlying these effects of cardenolides are
not yet fully understood. Cardenolides works differently
on normal and cancer cells [180-194] as at low serum
concentrations cardenolides have shown to stimulate
proliferation and inhibit cell death in normal cells. The
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cytoprotective effects might be useful in future therapies
for the treatment of ischemic stroke and neurodegenerative
diseases. On the other hand, cardenolides selectively
induce death in cancer cells and are also reported to
sensitize tumor cells to irradiation as reported for Ouabain
[195, 196] which further enhances its therapeutic potential.

3.5 Mechanism of Action of Cardenolides for
their Anti-Cancer Activity

Na+/K+-ATPase is an important target for anti-cancer
treatment as its abnormal expression is reported in various
types of cancer. Various researches have indicted a new
role of sodium pump in cell adhesion and motility (for
reviews [197-199]). In addition, the sodium pump interacts
with neighbouring membrane proteins and get involved in
different signalling pathways. As cardenolides are natural
ligands for Na+/K+-ATPase, they interact with a number
of signalling cascades ultimately affecting a variety of
targets e.g. Toxicarioside A suppresses tumor growth
through the endoglin/TGF-p signal pathway [16, 200, 201]
while Calotropin does it by inhibiting Wnt signaling [202].
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Strophalloside  induces  apoptosis  through  the
mitochondrion-dependent Caspase-3 pathway [113] on the
other hand, caspase-independent cell death was observed
by Oubain [203]. Reevesioside A inhibits c-myc
expression and down-regulates the expression of various
cyclins leading to decreased RB phosphorylation and G1
arrest [124]. Cardenolides also work by inhibiting
kallikreins (KLK, the serine proteases) [204] and
fibroblast growth factor-2 (potent angiogenesis promoting
substances) [205]. In an experiment, Anvirzel and
Oleandrin were found to reduce the amount of FGF-2 to
half in prostate cancer cells [206]. However, detailed
studies on explaining the role of carenolides in regulating
the activities of KLK and FGF-2 are presently under
investigation.

The role of Oleandrin cannot be neglected in cancer
research as it a potent antiproliferative agent in a wide
variety of cancers [174, 207-211]. As a cytotoxic agent, it
produces reactive oxygen species (ROS) and stimulates
apoptosis. This may be due to its potential to inhibit P-
glycoprotein [212]. The first cardenolide based anti-cancer
drug, Anvirzel is under clinical trial for cancer [213]
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which is a patented extract from the Nerium oleander L.
by Ozelle Pharmaceuticals Inc. (Fig. 4). The supercritical
CO, extract of Nerium (PBI 05204) is in Phase | clinical
trial for the treatment of solid tumor [207]. To date three
cardiac glycosides have been developed for treatment of
cancer and are tested in a phase 1 clinical trial. The
mechanisms of these anticancer effects may include
decrease of intracellular K* and increase of Na* and Ca”’;
intracellular acidification; inhibition of IL-8 production,
TNF-o/NF-xB pathway and DNA topoisomerase II;
activation of the Src kinase pathway [214, 215].
Overexpression of P-glycoprotein (ABCB1, MDR1) is
noted in certain cancer cells which may cause failure of
chemotherapy leading to multidrug resistant cancers.
Fortuntely, some cardenolides have been successfully
screened for P-glycoprotein inhibitory activity. These
novel compounds may serve as candidates to reverse
doxorubicin resistance in leukemia cells [216, 217]. The
modification of the sugar moiety of cardenolides can also
alter the anti-cancer effect of these compounds [218, 219].
Such studies have opened new avenues for anti-cancer
research and development of more effective drugs for the
same.

Anvirzel

Na+/K+ Channel

[ cass] }
Y

Extract from N erium oleander

Cell membrane

NFkB
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,/’ '
x— Cytochrome C e /
.
b II
e ’I
4 ’
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Caspase cascade /

Nuclear
Membrane

Cleavage
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Figure 4 The Cardenolide based Anti-cancer Drug, Anvirzel showed a Distinctive way of Killing Tumor Cells as it (i)
Activate Caspase Cascade, (ii) Inhibit Transport of bFGF, (iii) Blocks Na*/K* Channel, (iv) Blocks the Activation of a
Potent Signal (NF-kB) that leads to Tumor Cell Proliferation and Metastases [213]
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3.5 Role of Cardenolides in other Diseases

Since centuries cardenolides were only reported for the
treatment of heart disease, but recently a number of
researchers reported their role in other diseases too. The
potential application of cardiac glycosides for the
treatment of cystic fibrosis was also reported [220]. The
profound lung inflammation that characterizes cystic
fibrosis is mainly attributed to an overproduction of IL-8
in the lungs. Oleandrin has shown to inhibit IL-8 mediated
biological responses in diverse cell types by modulating
IL-8 receptors through altering membrane fluidity and
micro viscosity. A new link between cardiac glycosides
and neurodegenerative diseases has been suggested [221].
A library of over one thousand FDA-approved drugs was
screened for their ability to inhibit polyglutamine-
dependent CASP3 activation. Interestingly, three of the
four hits identified belong to the cardiac glycoside family
(digitoxin, neriifolin and peruvoside) which suggests a
new therapeutic role of these drugs for spinobulbar
muscular atrophy and other polyglutamine-related
diseases. Later, in a different study neriifolin, digoxin,
digitoxin and ouabain were identified as the potent neuro-
protective compounds [222]. Low concentrations of
cardiac glycosides trigger downstream signaling cascades
that can prevent apoptosis and induce proliferation [16,
69-71, 223]. These effects underlie possible therapeutic
uses of cardiac glycosides in the context of ischaemic
stroke. The protection of ischaemic heart tissue in rat by
ouabain suggested the therapeutic potential of the
mitochondrial ATP-sensitive potassium channels (K-ATP)
in treating ischemic heart [224]. Anti-herpes activity of
glucoevatromonoside, a cardenolide isolated from a
Brazilian cultivar of Digitalis lanata is recently detected.
The synergistic antiviral effects with acyclovir and anti-
Na'/K*ATPase activity, suggests role of cellular
electrochemical gradient alterations in the mechanism of
viral inhibition thus, cardenolides might be promising for
future antiviral drug design [225]. Also, the effectiveness
of Anvirzel, on HIV infection of human peripheral blood
mononuclear cells was studied and it was found as a novel
candidate for anti-HIV therapeutic [22, 226]. Collectively,
these data highlight a potential multi-therapeutic character
for these compounds.

4. DISCUSSION & CONCLUSION

Cardenolides have a long history of therapeutic relevance
for treatment of heart failure and are now emerging as
promising agents in various diseases, especially cancer.
Their main target is Na'/K*-ATPase, a membrane protein
involved in cellular ion homeostasis and plays an
important role in cancer biology by influencing numerous
signaling pathways in both sensitive and drug-resistant
cancer cells.The plant based cardiac-glycoside-based
drugs preferentially activate the signaling properties of
Na*/K*-ATPase which improves inotropy-to-toxicity ratio
thus making them better drugs for the treatment of cardiac
disorders. The recently discovered P-glycoprotein
inhibitory property of cardenolides makes them excellent
targets to treat multidrug resistant cancers.
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As toxicity narrows the therapeutic window of
cardenolides, more research is required to identify new
naturally occurring cardenolides and design better
cardenolides analoges on the basis of structure-activity
relationship studies to limit the cardiovascular side-effects
and improve the anti-cancer activity.

Conflict of interest

We wish to confirm that there are no known conflicts of
interest associated with this publication and there has been
no significant financial support for this work that could
have influenced its outcome.

REFERENCES

[1] Patwardhan, B., et al., (2004), “Ayurveda and
natural products drug discovery”, Current
Science, 86, pp 789-799.

[2] Lahlou, M., (2007), “Screening of natural
products for drug discovery”, Expert Opinion on
Drug Discovery, 2, pp 697-705.

[3] Newman, D. J., et al., (2000), “The influence of
natural products upon drug discovery”, Natural
Product Reports, 17, pp 215- 234.

[4] Butler, M.S., (2004), “The role of natural product
chemistry in drug discovery”, Journal of Natural
Products, 67, pp 2141- 2153.

[5] Samuelsson, G., (2004), “Drugs of Natural
Origin”, a Textbook of Pharmacognosy, 5th
Swedish Pharmaceutical Press, Stockholm.

[6] Watt, J. M., and Breyer-Brandwijk, M. G., (1962),
“The medicinal and poisonous plants of southern
and eastern Africa”, E. & S. Livingstone,
London, UK, 2" edition.

[7] J. M. Benson, et al., , “Studies on the toxic
principle of Asclepias eriocarpa and A.
labriformis” in Effects of Poisonous Plants on
Livestock, R. F. Keeler, K. R. Van Kampen, L.
F. James, Eds. New York: Academic Press, 1978,
pp. 273-284.

[8] Seiber, J. N., et al, (1978), “Three new
cardenolides from the milkweeds Asclepias
eriocarpa and A. labriformis”, Phytochemistry,
17, pp 967-970.

[9] Bisset, N. G., (1989), “Arrow and dart poisons”,
Journal of Ethnopharmacology, 25, pp 1-41.

[10] Neuwinger, H. D., (1996), “African ethnobotany.
Poisons and drugs. Chemistry, Pharmacology,

Toxicology. Chapman & Hall, London.

Hung, K. C., (1999), “The Pharmacology of
Chinese Herbs,” Boca Raton, FL. CRC Press,
Inc., pp 53.

Bhatia, M. L., et al. (1970), “Haemodynamic
studies with peruvoside in human congestive

[11]

[12]

© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*


http://www.abebooks.com/servlet/BookDetailsPL?bi=10259176433&searchurl=tn%3Dmedicinal+poisonous+plants+southern+eastern+africa
http://www.abebooks.com/servlet/BookDetailsPL?bi=10259176433&searchurl=tn%3Dmedicinal+poisonous+plants+southern+eastern+africa
http://www.sciencedirect.com/science/article/pii/S0031942200886586
http://www.sciencedirect.com/science/article/pii/S0031942200886586
http://www.sciencedirect.com/science/article/pii/S0031942200886586
http://www.sciencedirect.com/science/journal/00319422

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

.

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

heart failure”, British Medical Journal, 26, pp
740-743.

Imai, S., et al, (1972), “A quantitative
comparison of the cardiac actions of peruvoside
with those of G-strophanthin and proscillaridin”,
Tohoku Journal of Experimental Medicine, 108,
pp 389-399.

Martindale, (1993), “The Extra Pharmacopoeia”,
Reynolds, J. E. F.(Ed). The Pharmaceutical Press,
London, 30th Edition.

Platz, E. A, et al., (2011), “A novel two-stage,
transdisciplinary study identifies digoxin as a
possible drug for prostate cancer treatment”,
Cancer Discovery, 1, pp 68-77.

Li, Y. N., (2012a) “Toxicarioside A, isolated from
tropical Antiaris toxicaria, blocks endoglin/TGF-
B signaling in a bone marrow stromal cell line”,
Asian Pacific Journal of Tropical Medicine, 5, pp
91-97.

Montano, C. J. M., et al., (2014), “Evaluating the
cancer therapeutic  potential of cardiac
glycosides”, Journal of Biomedical Research
International, pp 1-9.

Babula, P., et al., (2013), “From Na+/K+-ATPase
and cardiac glycosides to cytotoxicity and cancer
treatment”, Anticancer Agents Med Chem, 13,
pp 1069-87.

Newman, R. A., et al, (2008), “Cardiac
glycosides as novel cancer therapeutic agents”,
Journal of Molecular Interventions, 8, pp 36-49.

Prassas, .I, and Diamandis, E. P., (2008), “Novel
therapeutic applications of cardiac glycosides”,
Nature Reviews Drug Discovery, 7, pp 926-935.

Anderson, E. S., et al., (2012), “The cardiotonic
steroid digitoxin regulates alternative splicing
through depletion of the splicing factors SRSF3
and TRA2B”, RNA, 18, pp 1041-1049.

Singh, S., et al, (2013), “Nerium oleander
derived cardiac glycoside oleandrin is a novel
inhibitor of HIV infectivity”, Fitoterapia, 84, pp
32-39.

Melero, C. P., et al., (2000), “A short review on
cardiotonic steroids and their ~ aminoguanidine
analogues”, Molecules, 5, pp 51-81.

Dostanic-Larson, I., et al., (2006), “Physiological
role of the alphal- and alpha2-isoforms of the
Na+-K+-ATPase and biological significance of
their cardiac glycoside binding site”, American
Journal of Regulatory, Integrative and
Comparative Physiology, 290, pp R524-8.

Agrawal, A. A., et al, (2012), “Toxic
cardenolides: chemical ecology and coevolution

RECENT

Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

1887

of specialized plant-herbivore interactions”, New
Phytologist, 194, pp 28-45.

S. B. Malcolm, “Cardenolide-mediated interactions
between plants and herbivores”, in Herbivores:
their  interactions  with  secondary plant
metabolites, 2nd edn, Vol. I: The chemical
participants, G. A. Rosenthal, M. R. Berenbaum,
Eds. San Diego, CA, USA: Academic Press,
1991, pp 251-296.

Lang, H. =Y., and Sun, N. C.,, (1964), “The
cardiac glycoside of Thevetia peruviana IlI.
Isolation and identification of cerberin, ruvoside
and a new cardiac glycoside.perusitin®, Yao
Hsueh Hsueh Po, 11, pp 464-472.

Gerlach, H., et al., (1965), “On the cardiac
glycosides from the roots of Apocynum
cannabinum L. Isolation and separation of
glycosides”, Pharmazie, 20, pp 450-455.

Chernobai, V. T., and Komissarenko, N. F.,
(1971), “Cardenolides of Gomphocarpus
fruticosus and the partial synthesis of uzarigenin
glycosides”, Chemistry of Natural Compounds, 7,
pp 421-424.

Yamauchi, T., et al., (1976), “Cardiac glycosides
of the root bark of Nerium odorum”,
Phytochemistry, 15, pp 1275-1278.

Yamauchi, T., et al., (1987a), “Polar cardenolide
glycosides from the leaves of Cerbera odollam
and Cerbera manghas (III)”, Chemical and
Pharmaceutical Bulletin, 35, pp 2744-2749.

Yamauchi, T., et al., (1987b), “Studies on
Cerbera. 1V. Polar cardenolide glycosides from
the leaves of Cerbera odollam and Cerbera
manghas”, Chemical and Pharmaceutical
Bulletin, 35, pp 4813-4818.

Yamauchi, T., and Abe, F., (1978), “Neriaside, a
8, 14-seco-cardenolide”, Tetrahedron Letters, 19,
pp 1825-1828.

Some, N., and Pousset, J. L., (1981), “African
medicinal plants. IV. Technic for the extraction
of thevetine from Thevitia neriifolia. Preparation
of a cardiotonic drug”, Dakar Medical, 26, pp
226.-233.

Mutlib, A. E., et al., (1987), “In vivo and in vitro
metabolism of gomphoside, a cardiotonic steroid
with doubly linked sugar” Journal of Steroid
Biochemistry, 28, pp 65-75.

Fenwick, G. R, et al. (1989), “Toxicants of Plant
Origin: Glycosides” CRC Press Inc, Florida.

Hifnawy, M. S., et al., (1990), “Pergularotoside, a
new cardiac glycoside from Pergularia
tomentosa L”, Al-Azhar Journal of Natural
Products, 5, pp 186-197.


http://www.ncbi.nlm.nih.gov/pubmed/22140654
http://www.ncbi.nlm.nih.gov/pubmed/22140654
http://www.ncbi.nlm.nih.gov/pubmed/22140654
http://www.ncbi.nlm.nih.gov/pubmed/22221748
http://www.ncbi.nlm.nih.gov/pubmed/22221748
http://www.ncbi.nlm.nih.gov/pubmed/22221748
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fasian-pacific-journal-of-tropical-medicine%2F&ei=0wtHVceCE8O8ugS0voHQDg&usg=AFQjCNERuDlT7tTZM3xtaTfhnxAJuZXi7w&bvm=bv.92291466,d.c2E
http://www.ncbi.nlm.nih.gov/pubmed/?term=Babula%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23537048
http://www.ncbi.nlm.nih.gov/pubmed/23537048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23127567
http://www.ncbi.nlm.nih.gov/pubmed/23127567
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dostanic-Larson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16467499
http://www.ncbi.nlm.nih.gov/pubmed/16467499
http://www.ncbi.nlm.nih.gov/pubmed/16467499
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwiv7eObmu7GAhUjKaYKHd4uAAI&url=http%3A%2F%2Fajpregu.physiology.org%2F&ei=y0SvVe_bGaPSmAXe3YAQ&usg=AFQjCNFe-v4n8A3HPggSB6SIn8DDWzamBg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwiv7eObmu7GAhUjKaYKHd4uAAI&url=http%3A%2F%2Fajpregu.physiology.org%2F&ei=y0SvVe_bGaPSmAXe3YAQ&usg=AFQjCNFe-v4n8A3HPggSB6SIn8DDWzamBg
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gerlach%20H%5BAuthor%5D&cauthor=true&cauthor_uid=5882483
http://www.ncbi.nlm.nih.gov/pubmed/5882483
http://link.springer.com/search?facet-author=%22V.+T.+Chernobai%22
http://link.springer.com/search?facet-author=%22N.+F.+Komissarenko%22
http://link.springer.com/search?facet-author=%22N.+F.+Komissarenko%22
http://link.springer.com/journal/10600
http://www.sciencedirect.com/science/journal/00319422
http://www.sciencedirect.com/science/journal/00319422/15/8
http://www.sciencedirect.com/science/journal/00404039/19/21

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

.

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Srivastava, S., et al., (1991), “A cardenolide
tetraglycoside from Oxystelma esculentum”,
Phytochemistry, 30, pp 301-303.

Siddiqui, S., et al., (1992), “Cardenolides and
triterpenoids of the leaves of Thevetia neriifolia”,
Phytochemistry, 31, pp 3541-3546.

El-Askary, H., et al. (1993), “Cardenolide
glycosides with doubly linked sugars from
Gomphocarpus sinaicus”, Phytochemistry, 34, pp
1399-1402.

El-Askary, H., et al. (1995), “Cardenolide
glycosides from Gomphocarpus sinaicus”,
Phytochemistry, 38, pp 943-946.

Abdel-Azim, N. S., (1998), “A cardenolide
glycoside from  Gomphocarpus sinaicus”,
Phytochemistry, 49, pp 273-275.

Begum, S., et al., (1999), “Bio-active cardenolides
from the leaves of Nerium oleander”,
Phytochemistry, 50, pp 435-438.

Abe, F,
Androstane

and Yamauchi, T., (2000), “An
Bioside and 3'-Thiazolidinone
Derivatives of Doubly-linked Cardenolide
Glycosides from the Roots of Asclepias
tuberosa”, Chemical & Pharmaceutical Bulletin,
48, pp 991-993.

Chang, L. C.,et al. (2000), “Activity-guided
isolation of constituents of Cerbera manghas
with  antiproliferative ~ and  antiestrogenic
activities”, Bioorganic & Medicinal Chemistry
Letters, 10, pp 2431-2434.

Warashina, T., and Noro, T., (2000), “Cardenolide
and oxypregnane glycosides from the root of
Asclepias incarnata L”, Chemical &
Pharmaceutical Bulletin, 48, pp 516-524.

Ueda, J. Y., (2003), “Antiproliferative activity of
cardenolides isolated from  Streptocaulon
juventas”, Biological and Pharmaceutical
Bulletin, 26, pp 1431-1435.

Cheenpracha, S., et al., (2004), “New Cytotoxic
Cardenolide Glycoside from the Seeds of
Cerbera mangha”, Chemical & Pharmaceutical
Bulletin, 52, pp 1023-1025.

Laphookhieo, S.,et al., (2004), "Cytotoxic
cardenolide glycoside from the seeds of Cerbera
odollam”, Phytochemistry, 65, pp 507-510.

Myint-Khine, M., et al., (2004), “New
cardenolides from roots of Streptocaulon
tomentosum”, Fitoterapia, 75, pp 779-781.

Van Quaquebeke, E., et al., (2005), “Identification
of a novel cardenolide (2"-oxovoruscharin) from
Calotropis procera and the hemisynthesis of
novel derivatives displaying potent in vitro
antitumor activities and high in vivo tolerance:

RECENT

Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

1888

structure-activity relationship analyses”, Journal

of Medicinal Chemistry, 48, pp 849-856.

Hamed, A. I., et al., (2006), “Cardenolide
glycosides from Pergularia tomentosa and their
proapoptotic activity in Kaposi's sarcoma cells” ,
Journal of Natural Product, 69, pp 1319-1322.

Lhinhatrakool, T., and Sutthivaiyakit, S., (2006),
“19-Nor- and 18,20-epoxy-cardenolides from the
leaves of Calotropis gigantean”, Journal of
Natural Products, 69, pp 1249-1251.

Zhang, L., et al., (2006), “Two New cardenolides
from the roots of Streptocaulon griffithii”,
Journal of Asian Natural Product Research, 8, pp
613-617.

Zhang, X. H., et al, (2007), “Cytotoxic
cardenolides from  Streptocaulon griffithii”,
Chemistry & Biodiversity, 4, pp 998-1002.

O. Bethwell, “Acokanthera oppositifolia (Lam.)
Codd,” in Medicinal plants/Plantes médicinales,
G.H. Schmelzer, A. Gurib-Fakim, Eds.
Netherlands: PROTA, Wageningen, 2007.

Karkare, S., et al., (2007), “Cytotoxic cardenolide
glycosides of Roupellina (Strophanthus) boivinii
from the Madagascar rainforest”, Journal of
Natural Product, 70, pp 1766-1770.

Spera, D., et al., (2007), “Antiproliferative
cardenolides from Periploca graeca”, Planta
Medica, 73, pp 384-387.

Zhao, M., etal., (2007), “Bioactive cardenolides
from the stems and twigs of Nerium oleander”,
Journal of Natural Product, 70, pp 1098-1103.

Schmelzer, G. H., Gurib-Fakim, A., Arroo, R.,
Bosch, C. H., de Ruijter, A., Simmonds, M. S. J.,
(Eds.), (2008), “Plant Resources of Tropical
Africa 11(1) — Medicinal Plants 17, Backhuys
Publishers, Wageningen, Netherlands.

Warashina, T., et al., (2008), “New cardenolide
and acylated lignan glycosides from the aerial
parts of Asclepias curassavica”, Chemical
& Pharmaceutical Bulletin, 56, pp 1159-1163.

Li, J. Z,et al, (2009), “Cytotoxicity of
cardenolides and cardenolide glycosides from
Asclepias curassavica”, Bioorganic Medicinal
Chemistry Letters, 19, pp 1956-1959.

Oliver-Bever, B., (2009), “Medicinal plants in
tropical west Africa”, Cambridge University
Press, Cambridge, UK.

Wang, X. B., et al, (2009), “Nematicidal
cardenolides from Nerium indicum Mill”,
Chemistry & Biodiversity, 6, pp 431-436.

Bai, L., et al., (2010), “Three new cardenolides
from methanol extract of stems and twigs of


http://www.sciencedirect.com/science/article/pii/003194229283724D
http://www.sciencedirect.com/science/journal/00319422
http://www.sciencedirect.com/science/journal/00319422/31/10
http://www.ncbi.nlm.nih.gov/pubmed/?term=Begum%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9933955
http://www.ncbi.nlm.nih.gov/pubmed/9933955
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=11078194
http://www.sciencedirect.com/science/article/pii/S0960894X00004777
http://www.sciencedirect.com/science/article/pii/S0960894X00004777
http://www.sciencedirect.com/science/article/pii/S0960894X00004777
http://www.sciencedirect.com/science/article/pii/S0960894X00004777
http://www.ncbi.nlm.nih.gov/pubmed/11078194
http://www.ncbi.nlm.nih.gov/pubmed/11078194
http://www.pubfacts.com/detail/10783071/Cardenolide-and-oxypregnane-glycosides-from-the-root-of-Asclepias-incarnata-L
http://www.pubfacts.com/detail/10783071/Cardenolide-and-oxypregnane-glycosides-from-the-root-of-Asclepias-incarnata-L
http://www.pubfacts.com/detail/10783071/Cardenolide-and-oxypregnane-glycosides-from-the-root-of-Asclepias-incarnata-L
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ueda%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=14519950
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbpb&ei=ZaLVVOv_C4OeuQS64oHwDw&usg=AFQjCNGixdXM2XF_fpLiUpMiitI0zrmh1g
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbpb&ei=ZaLVVOv_C4OeuQS64oHwDw&usg=AFQjCNGixdXM2XF_fpLiUpMiitI0zrmh1g
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laphookhieo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14759549
http://www.ncbi.nlm.nih.gov/pubmed/14759549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myint%20Khine%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15567264
http://www.ncbi.nlm.nih.gov/pubmed/15567264
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Quaquebeke%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15689169
http://www.ncbi.nlm.nih.gov/pubmed/15689169
http://www.ncbi.nlm.nih.gov/pubmed/15689169
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamed%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=16989527
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lhinhatrakool%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16933890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sutthivaiyakit%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16933890
http://www.ncbi.nlm.nih.gov/pubmed/16933890
http://www.ncbi.nlm.nih.gov/pubmed/16933890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17135046
http://www.ncbi.nlm.nih.gov/pubmed/17135046
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=17510995
http://www.ncbi.nlm.nih.gov/pubmed/17510995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kingston%20DG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spera%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17366373
http://www.ncbi.nlm.nih.gov/pubmed/17366373
http://www.ncbi.nlm.nih.gov/pubmed/17366373
http://pubs.acs.org/action/doSearch?ContribStored=Zhao%2C+M
http://pubs.acs.org/action/doSearch?ContribStored=Ando%2C+M
http://www.ncbi.nlm.nih.gov/pubmed/?term=Warashina%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18670118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20JZ%5BAuthor%5D&cauthor=true&cauthor_uid=19251412
http://www.ncbi.nlm.nih.gov/pubmed/19251412
http://www.ncbi.nlm.nih.gov/pubmed/19251412
http://www.pubfacts.com/author/Xing-Biao+Wang
http://www.pubfacts.com/detail/19319871/Nematicidal-cardenolides-from-Nerium-indicum-Mill
http://www.pubfacts.com/detail/19319871/Nematicidal-cardenolides-from-Nerium-indicum-Mill
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%2528ISSN%25291612-1880&ei=SRdHVdDqHtGJuwTo54HQDw&usg=AFQjCNFrnBWKjHQEFDzmcqI7SV3WMkbj_w
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bai%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20686265

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

.

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Nerium oleander”, Chemical & Pharmaceutical
Bulletin, 58, pp 1088-1092.

Bai, Y., et al. (2011), “The biological activities of
cardenolide triglycosides from stems, twigs, and
leaves of Nerium oleander”, Journal of Wood
Science, 57, pp 56-65.

Jacinto, S. D., et al, (2011), “Cytotoxic
cardenolide and sterols from Calotropis
gigantean”, Natural Product Communication, 6,
pp 803-806.

Singh, A., (201l) Herbalism, Phytochemistry and
Ethnopharmacology. Boca Raton, FL, Enfield, N.
H. CRC Press, Science Publishers.

Li, Y., et al., (2012b), “Cytotoxic cardenolides
from the stems of Periploca forrestii”, Steroids,
77, pp 375-381.

Xue, R., et al, (2013a), “Cytotoxic Cardiac
Glycosides from the Roots of Streptocaulon
juventas”, Planta Medica, 79, pp 157-162.

Xue, R., et al., (2013Db), “Cardenolide glycosides
from root of Streptocaulon juventas”,
Phytochemistry, 88, pp 105-111.

Babaamer, Z., et al.,, (2014), “Isolation of
Cardenolide  glycosides  from  Pergularia
tomentosa L. and their Antioxidant
activities”, Annales des Science et Technologie,

6, pp 123-128.

Ibrahim, S. R., et al., (2014), “Proceraside A, a
new cardiac glycoside from the root barks of
Calotropis procera with in vitro anticancer
effects”, Natural Product Research, 28, pp 1322-
1327.

Komissarenko, N. F., (1971), “Ornithogalin — A
cardenolide glycoside from  Ornithogalum
magnum”, Chemistry of Natural Compounds, 7,
pp 33-35.

Schenk, B., et al., (1980), “Cannogenol-3-O-alpha-
L-rhamnoside and  cannogenol-3-O-beta-D-
allomethyloside, two new cardiac glycosides
from Convallaria majalis”, Planta Medica, 40, pp
1-11.

Kopp, B., and Kubelka, W., (1982), “New
cardenolides from Convallaria majalis”, Planta
Medica, 45, pp 195-202.

Krenn, L., et al.,, (2004), “Chemotaxonomic
relevance of cardenolides in Urginea fugax”,
Phytochemistry, 65, pp 2881-2884.

Kuroda, M., et al., (2006), “Ornithosaponins A-
D, four new polyoxygenated steroidal glycosides
from the bulbs of Ornithogalum thyrsoides”,
Steroids, 71, pp 199-205.

RECENT

Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

1889

Pan, Z. H., et al.,(2012), “A cytotoxic cardenolide
and a saponin from the rhizomes of Tupistra
chinensis”, Fitoterapia, 83, pp 1489-1493.

Wang, T. M., et al., (2007), “Cardenolides from
Saussurea stella with cytotoxicity toward cancer
cells”, Journal of Natural Product, 70, pp 1429-
1433.

Nover, L., (1967), “On the structure of
erycanoside, a cardenolide glycoside from
Erysimum cancescens Roth”, Archives

Pharmaceutical Ber Dtsch Pharm Ges, 300, pp
1022-1026.

Maslennikova, V. A, et al., (1967), “Glycosides
of Erysimum”, Chemistry of Natural Compounds,
3, pp 143-146.

Piatak, D. M., et al., (1985), “Constituents of
Erysimum inconspicuum. Two sulfur-containing
lactone compounds”, Journal of Natural
Products, 48, pp 424-428.

Huang, X., et al., (1993), “A chemical basis for
differential acceptance of Erysimum
cheiranthoides by two Pieris species”, Journal of
Chemical Ecology, 19, pp 195-210.

Lei, Z. H., et al., (1996), “Cardenolides from
Erysimum cheiranthoides”, Phytochemistry, 41,
pp 1187-1189.

Lei, Z. H., et al., (2000), “Cardiac glycosides
from Erysimum cheiranthoides”, Chemical &
Pharmaceutical Bulletin, 48, pp 290-292.

Makarevich, 1. F., et al., (1996), “Cardenolide
glycosides of Cheiranthus allioni. XVI.
Neoevonoside and
cellobiosyldigigulomethyloside”, Chemistry of
Natural Compounds, 32, pp 53-55.

Moon, S. S., et al, (2010), “Kaempferol
glycosides and cardenolide glycosides, cytotoxic
constituents from the seeds of Draba nemorosa
(Brassicaceae)”,  Archives of  Pharmacal
Research, 33, pp 1169-1173.

Baek, N. I., et al., (1994), “Euonymoside A: a
new cytotoxic cardenolide glycoside from the
bark of Euonymus sieboldianus”, Planta Medica,
60, pp 26-29.

Kitanaka, S., et al, (1996), “Cytotoxic
cardenolides from woods of Euonymus alata”,
Chemical and Pharmaceutical Bulletin (Tokyo),
44, pp 615-617.

Ankli, A, et al., (2000), “Cytotoxic cardenolides
and antibacterial terpenoids from Crossopetalum
gaumeri”, Phytochemistry, 54, pp 531-537.

Cao, S., et al, (2007), “Antiproliferative
cardenolides of an Elaeodendron sp. from the


http://libra.msra.cn/Journal/9147/j-wood-sci-journal-of-wood-science
http://libra.msra.cn/Journal/9147/j-wood-sci-journal-of-wood-science
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacinto%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=21815415
http://www.ncbi.nlm.nih.gov/pubmed/21815415
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Amritpal+Singh%22&source=gbs_metadata_r&cad=5
http://111.68.111.196/cgi-bin/koha/opac-search.pl?q=pb:CRC%20Press%20;%20;%20Science%20Publishers,
http://www.sciencedirect.com/science/journal/0039128X
http://www.pubfacts.com/author/Rui+Xue
http://www.ncbi.nlm.nih.gov/pubmed/23286880
http://www.ncbi.nlm.nih.gov/pubmed/23286880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=24678783
http://www.ncbi.nlm.nih.gov/pubmed/24678783
http://link.springer.com/search?facet-author=%22N.+F.+Komissarenko%22
http://link.springer.com/journal/10600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kopp%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17396911
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kubelka%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17396911
http://www.ncbi.nlm.nih.gov/pubmed/17396911
http://www.ncbi.nlm.nih.gov/pubmed/17396911
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krenn%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15501255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Urginea+fugax
http://www.ncbi.nlm.nih.gov/pubmed/16303157
http://www.ncbi.nlm.nih.gov/pubmed/16303157
http://www.ncbi.nlm.nih.gov/pubmed/16303157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=22947328
http://www.ncbi.nlm.nih.gov/pubmed/22947328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=17844995
http://www.ncbi.nlm.nih.gov/pubmed/17844995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nover%20L%5BAuthor%5D&cauthor=true&cauthor_uid=5249315
http://www.ncbi.nlm.nih.gov/pubmed/5249315
http://www.ncbi.nlm.nih.gov/pubmed/5249315
http://link.springer.com/journal/10600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piatak%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=4031899
http://www.ncbi.nlm.nih.gov/pubmed/4031899
http://www.ncbi.nlm.nih.gov/pubmed/4031899
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24248868
http://www.ncbi.nlm.nih.gov/pubmed/24248868
http://www.ncbi.nlm.nih.gov/pubmed/24248868
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lei%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=8728718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lei%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=8728718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=20803119
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F12272&ei=PaPVVIbAAtC7uASa3oEI&usg=AFQjCNGaVPhmvlLeEL8MSHFvZMAtGyV8LQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F12272&ei=PaPVVIbAAtC7uASa3oEI&usg=AFQjCNGaVPhmvlLeEL8MSHFvZMAtGyV8LQ
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baek%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=8134412
http://www.ncbi.nlm.nih.gov/pubmed/8134412
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kitanaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8882460
http://www.ncbi.nlm.nih.gov/pubmed/8882460
http://www.ncbi.nlm.nih.gov/pubmed/8882460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ankli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10939358
http://www.ncbi.nlm.nih.gov/pubmed/10939358
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17547460

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Madagascar rain forest (1)”, Journal of Natural
Product, 70, pp 1064-1067.

Butler, M. S., et al., (2014), "Cardenolide
glycosides from Elaeodendron australe var.
integrifolium”, Phytochemistry, 98, pp 160-163.

Osorio, A. A., et al., (2014), “Elaeodendron
orientale as a source of cytotoxic cardenolides”,
Phytochemistry, 105, pp 60-67.

Yadava, R. N., and Rathore, K., (2000), “A new
cardenolide from the seeds of Terminalia arjuna
(W&A)”, Journal of Asian Natatural Product
Research, 2, pp 97-101.

Yadava, R. N.,and Rathore, K., (2001), “New
cardenolide from the seeds of Terminalia
bellerica”, Fitoterapia, 72, pp 310-312.

Yadav, R. N., and Rathore, K., (2001), “A new
cardenolide from the roots of Terminalia arjuna”,
Fitoterapia, 72, pp 459-461.

Huang, H. C., et al., (2013), “Cardenolides and
bufadienolide  glycosides from  Kalanchoe
tubiflora and evaluation of cytotoxicity”, Planta
Medica, 79, pp 1362-1369.

Roberts, K. D., et al., (1963), “Glycosides and
aglycons. CCLII. Cardenolides of the seed of
Mallotus philippinensis”, Helvetica Chimica
Acta, 46, pp 2886-2893.

Shilpi, J. A, et al., (2010), “New cardenolides
from the stem bark of Trewia nudiflora”,
Fitoterapia, 81, pp 536-539.

Gangwar, M., et al, (2014), “Mallotus
philippinensis Muell. Arg (Euphorbiaceae):
Ethnopharmacology and Phytochemistry
Review”, BioMed Research International, 2014,
pp 1-13.

Komissarenko, N. F., (1969), “Scorpioside—A
cardenolide glycoside from Coronilla
scorpioides”, Chemistry of Natural Compounds,
5, pp 317-320.

Yadava, R. N., and Yadav, S., (1999), “A new
cardenolide uzarigenen-3-O-beta-D-
xylopyranosyl (1-->2)-alpha-L-
rhamnopyranoside”, Journal of Asian Natural
Product Research, 1, pp 245-249.

Jiang, M. M., et al., (2008), “Cardenolides from
Antiaris toxicaria as potent selective Nur77
modulators”, Chemical & Pharmaceutical
Bulletin (Tokyo), 56, pp 1005-1008.

Dai, H. F., et al. (2009a), “A new cytotoxic 19-
nor-cardenolide from the latex of Antiaris
toxicaria”, Molecules, 14, pp 3694-3699.

Dai, H. F., et al. (2009b), “Two new cytotoxic
cardenolides from the latex of Antiaris toxicaria”,

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

1890

Journal of Asian Natural Product Research, 11,
pp 832-837.

Shi, L. -S., et al., (2010), “Cardiac glycosides
from Antiaris toxicaria with potent cardiotonic
activity”, Journal of Natural Product, 73, pp
1214-1222.

Shi, L. S, et al, (2014), “Cytotoxic cardiac
glycosides and coumarins from Antiaris
toxicaria”, Bioorganic Medicinal Chemistry, 22,
pp 1889-1898.

Dong, W. H., et al, (2011), “Cytotoxic
cardenolide glycosides from the seeds of Antiaris
toxicaria”, Planta Medica, 77, pp 1730-1734.

Levrier, C., et al., (2012), “Toxicarioside M, a
new cytotoxic 10B-hydroxy-19-nor-cardenolide
from Antiaris toxicaria”, Fitoterapia, 83, pp 660-
664.

Liu, Q., et al., (2013), “Antiproliferative cardiac
glycosides from the latex of Antiaris toxicaria”,
Journal of Natural Product, 76, pp 1771-1780.

Wu, X. L., et al., (2014), “A new periplogenin
cardenolide from the seeds of Antiaris toxicaria”,
Journal of Asian Natural Product Research, 16,
pp 418-421.

Zhang, X. J., et al., (2015), “Strophalloside Induces
Apoptosis of SGC-7901 Cells through the
Mitochondrion-Dependent Caspase-3 Pathway”,
Molecules, 20, pp 5714-5728.

Wichtl, M., and Junior, P., (1977), “Strophanthidin

digitaloside and strophanthidin 6-deoxyguloside,
two new cardenolide glycosides from Adonis
vernalis L”, Arch Pharm (Weinheim) 310, pp
905-910.

Kopp, B., (1992), “Cardenolides from Adonis
aestivalis”, Phytochemistry, 31, pp 3195-3198.

Kubo, S., et al., (2012), “New cardenolides from
the seeds of Adonis aestivalis”’, Chemical &
Pharmaceutical Bulletin, 60, pp 1275-1282.

Kubo, S., et al., (2015), “Amurensiosides L-P, five

new cardenolide glycosides from the roots of
Adonis  amurensis”, Natural  Product
Communications, 10, pp 27-32.

Fujino, T., et al., (2015), “Cardenolide glycosides
from the seeds of Digitalis purpurea exhibit
carcinoma-specific cytotoxicity toward renal
adenocarcinoma and hepatocellular carcinoma
cells”, Bioscience Biotechnology and
Biochemistry, 79, pp 177-184.

Gil, R. R., et al., (1995), “Cardenolides from
Nierembergia aristata”, Journal of Natural
Products, 58, pp 848-856.

Sen, N. K., et al, (1957), “Glycosides and
aglycones. CLXXXIV. Glycosides of the jute


http://www.ncbi.nlm.nih.gov/pubmed/17547460
http://www.ncbi.nlm.nih.gov/pubmed/17547460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24361289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quinovoside++and+Xyloside
http://www.ncbi.nlm.nih.gov/pubmed/?term=Osorio%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25014657
http://www.ncbi.nlm.nih.gov/pubmed/25014657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadava%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=11252684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rathore%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11252684
http://www.ncbi.nlm.nih.gov/pubmed/11252684
http://www.ncbi.nlm.nih.gov/pubmed/11252684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadava%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=11295315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rathore%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11295315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadav%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=11395280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rathore%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11395280
http://www.ncbi.nlm.nih.gov/pubmed/11395280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=23877916
http://www.ncbi.nlm.nih.gov/pubmed/23877916
http://www.ncbi.nlm.nih.gov/pubmed/23877916
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shilpi%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20097274
http://www.ncbi.nlm.nih.gov/pubmed/20097274
http://link.springer.com/search?facet-author=%22N.+F.+Komissarenko%22
http://link.springer.com/search?facet-author=%22D.+G.+Kolesnikov%22
http://link.springer.com/journal/10600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadava%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=11523544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11523544
http://www.ncbi.nlm.nih.gov/pubmed/11523544
http://www.ncbi.nlm.nih.gov/pubmed/11523544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=18591820
http://www.ncbi.nlm.nih.gov/pubmed/18591820
http://www.ncbi.nlm.nih.gov/pubmed/18591820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=19783952
http://www.ncbi.nlm.nih.gov/pubmed/19783952
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=19783952
http://www.ncbi.nlm.nih.gov/pubmed/20183332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20LS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20TS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=24582402
http://www.ncbi.nlm.nih.gov/pubmed/24582402
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=21509716
http://www.ncbi.nlm.nih.gov/pubmed/21509716
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levrier%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22348979
http://www.ncbi.nlm.nih.gov/pubmed/22348979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24033101
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=24597720
http://www.ncbi.nlm.nih.gov/pubmed/24597720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=25838173
http://www.ncbi.nlm.nih.gov/pubmed/25838173
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wichtl%20M%5BAuthor%5D&cauthor=true&cauthor_uid=563222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Junior%20P%5BAuthor%5D&cauthor=true&cauthor_uid=563222
http://www.ncbi.nlm.nih.gov/pubmed/563222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kopp%20B%5BAuthor%5D&cauthor=true&cauthor_uid=1368415
http://www.ncbi.nlm.nih.gov/pubmed/1368415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kubo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23036970
http://www.ncbi.nlm.nih.gov/pubmed/23036970
http://www.ncbi.nlm.nih.gov/pubmed/23036970
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kubo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25920213
http://www.ncbi.nlm.nih.gov/pubmed/25920213
http://www.ncbi.nlm.nih.gov/pubmed/25920213
http://www.ncbi.nlm.nih.gov/pubmed/25920213
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujino%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25345317
http://www.ncbi.nlm.nih.gov/pubmed/25345317
http://www.ncbi.nlm.nih.gov/pubmed/25345317
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gil%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=7673928
http://www.ncbi.nlm.nih.gov/pubmed/7673928
http://www.ncbi.nlm.nih.gov/pubmed/7673928

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

seeds of Corchorus capsularis and C.olitorius.
Identification of corchorin, corchorigenin, and
corchsularin with strophanthidin”,  Helvetica
Chimica Acta, 40, pp 588-592.

Rao, D. V., and Rao, E. V., (1975), “New
cardenolides from seeds of Corchorus
trilocularis”, Phytochemistry, 14, pp 533-537.

Nakamura, T., et al, (1998), “Cardenolide
glycosides from seeds of Corchorus olitorius”,
Phytochemistry, 49, pp 2097-2101.

Chang, H. S., et al, (2013), “Cytotoxic
cardenolide glycosides from the root of Reevesia
formosana”, Phytochemistry, 87, pp 86-95.

Leu, W. -J, et al., (2014), “Reevesioside A, a
cardenolide glycoside, induces anticancer activity
against human hormone-refractory prostate
cancers through suppression of c-myc expression
and induction of gl arrest of the cell cycle”,
PLoS One, 9, pp e87323.

CRGAE((http://publish.plantnetproject.org/project
[riceweeds_en/collection/collection/information/d
etails/ CRGAE) Date accessed March, 2015.

Isman, M. B., et al.,, (1977), “Variation in
cardenolide content of lygaeid bugs, Oncopeltus
fasciatus and Lygaeus kalmii and of their
milkweed hosts (Asclepias spp) in central
California”, Journal of Chemical Ecology, 3, pp
613-624.

Abe, F., and Yamauchi, T., (1994), “Cardenolide
glycosides from the roots of Apocynum
cannabinum”, Chemical and Pharmaceutical
Bulletin, 42, pp 2028-2031.

Rasmann, S., and Agrawal, A. A., (2011),
“Latitudinal patterns in plant defense: evolution
of cardenolides, their toxicity and induction
following herbivory”, Ecology Letters, 14, pp
476-483.

Schrutka-Rechtenstamm, R., (1985), “Origin of
cardenolides in rhizomes and roots of
Convallaria majalis L. Biogenesis in situ or
transport from leaves?”,  Zeitschrift Fur
Naturforschung, C 40, pp 627-630.

Nelson, C. J., et al., (1981), “Seasonal and
intraplant variation of cardenolide content in the
California milkweed Asclepias eriocarpa, and
implications for plant defense”, Journal of
Chemical Ecology, 7, pp 981-1010.

Zalucki, M. P., et al., (2001), “Detrimental effects
of latex and cardiac glycosides on survival and
growth of first-instar monarch butterfly larvae
Danaus plexippus feeding on the sandhill
milkweed Asclepias humistrata”, Ecological
Entomology, 26, pp 212-224.

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

1891

Vaughan, F. A., (1979), “Effect of gross cardiac
glycoside content of seeds of common milkweed,
Asclepias syriaca, on cardiac glycoside uptake by
the milkweed bug Oncopeltus fasciatus”, Journal
of Chemical Ecology, 5, pp 89-100.

Van Baalen, J., and Prins, E. G. M., (1983),
“Growth and reproduction of Digitalis purpurea
in different stages of succession”, Oecologia, 58,
pp S. 84-91.

Maier, M. S., et al., (1986), “Biosynthesis of the
butenolide ring of cardenclides in Digitalis
purpurea”, Phytochemistry, 25, pp 1327-1329.

Kreis, W., et al., (1998), “Cardenolide biosynthesis
in foxglove”, Planta Medica, 64, pp 491-499.

W. Kreis, and F. Mu“ller-Uri, “Biochemistry of
sterols, cardiac glycosides, brassinosteroids,
phytoecdysteroids and steroid saponins,” in
Biochemistry of plant Secondary metabolism. M.
Wink, Ed. Sheffield, UK: CRC Press, 2010, pp.
304-63.

Schebitz, P., et al., (2010), “Norcholanic acids as
substrates for recombinant 3f-hydroxysteroid
dehydrogenase and progesterone S5B-reductase,
enzymes of the 5B-cardenolide biosynthesis”,
Tetrahedron Letters, 51, pp 367-370.

Pedro Perez-Bermudez, P., et al., (2010),
“Digitalis purpurea P5bR2, encoding steroid 5f-
reductase, is a novel defense-related gene
involved in cardenolide biosynthesis”, New
Phytologist, 185, pp 687—700.

Luckner, M., and Wichtl, M., (2000), “Digitalis”,
Wissenschaftliche Verlagsgesellschaft., Stuttgart,
Germany.

Agrawal, A. A, et al., (2008), “Evolution of latex
and its constituent defensive chemistry in
milkweeds (Asclepias): a test of phylogenetic

escalation”, Entomologia Experimentalis Et
Applicata, 128, pp 126-138.

Manson, J. S., et al., (2012), “Cardenolides in
nectar may be more than a consequence of
allocation to other plant parts: a phylogenetic
study of Asclepias”, Functional Ecology, 26, pp
1100-1110.

Godfraind T., (1984), “Mechanism of action of
cardiac glycosides”, European Heart Journal, 5,
pp 303-308.

Smith, T. W., and Braunwald, E., (1980), “The
management of heart failure,” in Cardiovascular
diseases, E. Braunwald Eds. Philadelphia:
Saunders, pp 509-570.

B. F. Hoffman and J. T. Bigger, Jr., “Digitalis and
allied cardiac glycosides,” in The
pharmacological basis of therapeutics, A. G.


http://ilse.kobv.de/authorSearch.do;jsessionid=D3011DA755090F00727AD7081F59A032?query=Rao%2c+E.V.&plv=2
http://ilse.kobv.de/simpleSearch.do;jsessionid=D3011DA755090F00727AD7081F59A032?query=journal%3a%7bPhytochemistry%7d&plv=2
http://www.ncbi.nlm.nih.gov/pubmed/9883596
http://www.ncbi.nlm.nih.gov/pubmed/9883596
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=23313131
http://www.ncbi.nlm.nih.gov/pubmed/23313131
http://publish.plantnetproject.org/project/riceweeds_en/collection/collection/information/details/CRGAE
http://publish.plantnetproject.org/project/riceweeds_en/collection/collection/information/details/CRGAE
http://publish.plantnetproject.org/project/riceweeds_en/collection/collection/information/details/CRGAE

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

Thomas,

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Gilman, L. S. Goodman, T. Rall, F. Murad, Eds.
New York: MacMillan, 1985, pp716-747.

Longhurst, J. C., and Ross, J., (1985), “Extra
cardiac and coronary vascular effects of
digitalis”, Journal of the American College of
Cardiology, 5, pp 99-105.

Aperia, A., (2007), “New roles for an old enzyme:
Na, K-ATPase emerges as an interesting drug
target”, Journal of Internal Medicine, 261, pp 44—
52.

Repke, K., (1985), “New developments in cardiac
glycoside  structure—activity = relationships”,
Trends in Pharmacological Sciences, 6, pp 275-
278.

Schonfeld, W., et al., (1985), “The lead structure
in cardiac glycosides is 5 beta, 14 beta-
androstane-3 beta 14-diol”, Naunyn-
Schmiedeberg’s Archives of Pharmacology, 329,
pp 414-426.

Schonfeld, W., et al., (1986), “Origin of
differences of inhibitory potency of cardiac
glycosides in Na'/K*-transporting ATPase from
human cardiac muscle, human brain cortex and
guinea-pig  cardiac muscle”, Biochemical
Pharmacology, 35, pp 3221-3231.

Burt, S. K., et al., “Computer-Aided Drug Design:
Methods and Applications,” New York: Marcel
Dekker, 1989, pp 55-91.

Smith, P., et al., (1982), “Cardenolide analogues.
Synthesis and biological activity of glucosides of
cl7b-modified derivatives of digitoxigenin”,
Journal of Medicinal Chemistry, 25, pp 1222-
1226.

Bohl, M., and Siissmilch, R., (1986), “Calculations
on molecular structure and electrostatic potentials
of cardiotonic steroids”, European Journal of
Medicinal Chemistry, 21, pp 193-198.

Boobbyer, D. N. A. et al, (1989), “New
hydrogen-bond potentials for use in determining
energetically  favorable binding sites on
molecules of known structure”, Journal of
Medicinal Chemistry, 32, pp 1083-1094.

R. E.“Cardiac Drugs,” in Burger’s
Medicinal Chemistry and Drug Discovery, Wolff,
M. Ed. New York: John Wiley & Sons, 1996, pp
153-261.

Guzman, A, et al., (1981), “Replacement of the
butenolide moiety of digitoxigenin by cyclic
Michael acceptor systems”, Canadian Journal of
Chemistry, 59, pp 3241- 3247.

Schonfeld, W., and Repke, K. R. H., (1988), “A
Free-Wilson Analysis of 5.beta, 14.beta.-
Androstane derivatives inhibiting the Na/K-

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

1892

ATPase from human heart”, Quantitative
Structure-activity Relationships, 7, pp 160-165.

T. Akera, “Cardiac Glycosydes, Part I,” in
Experimental Pharmacology, K. Greeff, Ed.
Berlin: Springer, 1981, pp 287-336.

Chavey , W. E., et al. (2001), “Guideline for the
Management of Heart Failure Caused by Systolic
Dysfunction: Part 117, Treatment. American
Family Physician, 64, pp 1045-1055.

Ahmed, A., (2008), “Effects of digoxin at low
serum  concentrations on  mortality and
hospitalization in heart failure: A propensity
matched study of the DIG trial”, International
Journal of Cardiology, 123, pp 138-146.

Maury, P., et al., (2014), “Role of digoxin in
controlling the ventricular rate during atrial
fibrillation: a systematic review and a
rethinking”, Research Reports in Clinical
Cardiology, 5, pp 93-101.

Shiratori, O., (1967), “Growth inhibitory effect of
cardiac glycosides and aglycones on neoplastic
cells: in vitro and in vivo studies”, Japanese
Journal of Cancer Research Gann, 58, pp 521-
528

Xu, J. W, et al.,, (2009), “Effects of ouabain at
different concentrations on growth of leukemia
cells”, Zhongguo Dang Dai Er Ke Za Zhi, 11, pp
259-262.

Hallbook, H., et al., (2011), “Ex vivo activity of
cardiac glycosides in acute leukaemia”, PLo0S
One, 6, pp 15718.

Kuroda, M., et al.,, (2013), “New cardenolide
glycosides from the seeds of Digitalis purpurea
and their cytotoxic activity”, Bioscience,
Biotechnology, and Biochemistry, 77, pp 1186-
1192,

Stenkvist, B., (1999), “Is digitalis a therapy for
breast carcinoma?”, Oncology Reports, 6, pp
493-496.

Lépez-L&zaro, M., et al., (2005), “Digitoxin
inhibits the growth of cancer cell lines at
concentrations commonly found in cardiac
patients”, Journal of Natural Product, 68, pp
1642-1645.

Bielawski, K., et al., (2006), “Inhibition of DNA
topoisomerases | and 1, and growth inhibition of
breast cancer MCF-7 cells by ouabain, digoxin
and  proscillaridin ~ A”, Biological and
Pharmaceutical Bulletin, 29, pp 1493-1497.


http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%2528ISSN%25291365-2796&ei=OGxEVfP5IdK9uATpzYCwDA&usg=AFQjCNFsCGwgeU18V3aLvhcL2MSpIUtHsQ&bvm=bv.92291466,d.c2E
http://www.researchgate.net/journal/1480-3291_Canadian_Journal_of_Chemistry
http://www.researchgate.net/journal/1480-3291_Canadian_Journal_of_Chemistry
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCcQFjAC&url=https%3A%2F%2Fsciencescape.org%2Fjournal%2F20831&ei=Y6fVVPO1NMeuuQTiiYHwDw&usg=AFQjCNG8cxwc-x32VG29NlaYaxE2wqZrsg
http://www.ncbi.nlm.nih.gov/pubmed/21246039
http://www.ncbi.nlm.nih.gov/pubmed/21246039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuroda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23748755
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbbb&ei=e6zVVL6bBMi6uASK1YH4Dw&usg=AFQjCNGCiIbTXC7NJBKmW7eG9xxjvzjCyQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbbb&ei=e6zVVL6bBMi6uASK1YH4Dw&usg=AFQjCNGCiIbTXC7NJBKmW7eG9xxjvzjCyQ
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stenkvist%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10203580
http://www.ncbi.nlm.nih.gov/pubmed/10203580
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-L%C3%A1zaro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16309315
http://www.ncbi.nlm.nih.gov/pubmed/16309315
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbpb&ei=6NjVVP7_NsiNuATgy4IQ&usg=AFQjCNGixdXM2XF_fpLiUpMiitI0zrmh1g
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fbpb&ei=6NjVVP7_NsiNuATgy4IQ&usg=AFQjCNGixdXM2XF_fpLiUpMiitI0zrmh1g

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Menger, L., et al., (2012), “Cardiac glycosides
exert anticancer effects by inducing immunogenic
cell death”, Science Translational Medicine, 4, pp
143ra99.

Siddiqui, B. S., et al., (2012), “Flavonoid and
cardenolide glycosides and a pentacyclic
triterpene from the leaves of Nerium oleander

and evaluation of cytotoxicity,” Phytochemistry,
77, pp 238-244.

Li, X. S., et al., (2014), “Cardiac glycosides from
the bark of Antiaris toxicaria”, Fitoterapia, 97, pp
71-77.

Van Khang, P., et al., (2014), “Cardenolides from
the bark of Calotropis gigantean”, Natural
Product Research, 28, pp 1191-1196.

Newman, R. A., et al., (2007), “Autophagic cell
death of human pancreatic tumor cells mediated
by oleandrin, a lipid-soluble cardiac glycoside”,
Integrative Cancer Therapies, 6, pp 354-364.

Yang, P., et al, (2009), “Oleandrin-mediated
inhibition of human tumor cell proliferation:
importance of Na,K-ATPase alpha subunits as
drug targets”, Molecular Cancer Therapeutics, 8,
pp 2319-2328.

Newman, R. A, et al., (2006), “Oleandrin-mediated
oxidative stress in human melanoma cells”,
Journal of Experimental Therapeutics and
Oncology, 5, pp 167-181.

Joshi, A. L., et al., (2015), “Calotropis procera
extract induces apoptosis and cell cycle arrest at
G2/M phase in human skin melanoma (SK-MEL-
2) cells” , Natural Product Research, pp 1-4.

Svensson, A., et al., (2005), “Digoxin inhibits
neuroblastoma tumor growth in  mice”,
Anticancer Research, 25, pp 207-212.

Kulikov, A., et al., (2007), “Ouabain activates
signaling pathways associated with cell death in
human neuroblastoma”, Biochimica et
Biophysica Acta, 1768, pp 1691-1702.

Lopez-Lazaro, M., et al., (2003), “Anti-tumour
activity of Digitalis purpurea L. subsp.
Heywoodii”, Planta Medica, 69, pp 701-704.

Antczak, C., et al., (2009), “Revisiting Old Drugs
as Novel Agents for Retinoblastoma: In vitro and
In vivo Antitumor Activity of Cardenolides”,
Investigative ophthalmology & visual science,
50, pp 3065-3073.

Xie, Z., and Askari, A., (2002), “Na+/K+-ATPase
as a signal tranducer”, European Journal of
Biochemistry, 269, pp 2434-2439.

Mijatovic, T., et al., (2007), “The ol subunit of
the sodium pump could represent a novel target

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

1893

to combat non-small cell lung cancers’, The

Journal of Pathology, 212, pp 170-179.

Xie, Z., and Cai, T., (2003), “Na+/K+-ATPase-
mediated signal transduction: from protein
interaction to cellular function, Molecular
Interventions, 3, pp 157-168.

McConkey, D. J., et al., (2000), “Cardiac
glycosides stimulate Ca2+ increases and
apoptosis in androgenindependent, metastatic
human prostate adenocarcinoma cells”, Cancer
Research, 60, pp 3807-3812.

Trevisi, L., B. Visentin, F. Cusinato, I. Pighin, S.

Luciani et al., (2004), “Antiapoptotic effect of
ouabain on human umbilical vein endothelial
cells”, Biochemical Biophysical Research
Communications, 321, pp 716-721.

Taurin, S., et al., (2002), “c-Fos expression in
ouabain-treated vascular smooth muscle cells
from rat aorta: evidence for an intracellular-
sodiummediated, calcium-independent
mechanism”, Journal of Physiology, 15, pp 835—
847.

Mijatovic, T., et al., (2006), “Cardenolide-induced
lysosomal membrane permeabilization
contributes therapeutic benefits in experimental
human non-small-cell-lung cancers”, Neoplasia,
8, pp 402-412.

Lin, H., et al., (2004), “Involvement of Cdk5/p25
in  digoxintriggered prostate cancer cell
apoptosis”, The Journal of Biological Chemistry,
279, pp 29302-29307.

Haux, J., (1999), “Digitoxin is a potential
anticancer agent for several types of cancer”,
Medical Hypotheses, 153, pp 543-548.

Huang, Y.T., et al., (2004), “Investigation of
ouabaininduced anticancer effect in human
androgen-independent prostate cancer PC-3
cells”, Biochemical Pharmacology, 67, pp 727—
733.

Yeh, J. H,, et al., (2001), “Inhibitory effects of
digitalis on the proliferation of androgen
dependent and independent prostate cancer cells”,
The Journal of Urology, 166, pp 1937-1942.

Yeh, J. H, et al., (2003), “Effects of bufalin and
cinobufagin on the proliferation of androgen
dependent and independent prostate cancer cells”,
Prostate, 54, pp 112-124.

Frese, S., et al., (2006), “Cardiac glycosides
initiate Apo2L/TRAIL-induced apoptosis in non-
small cell lung cancer cells by up-regulation of
death receptors 4 and 57, Cancer Research, 66,
pp 5867-5874.

Pathak, S., et al., (2000), “Anvirzel, an extract of
Nerium oleander, induces cell death in human but


http://www.ncbi.nlm.nih.gov/pubmed/?term=Menger%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22814852
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fstm.sciencemag.org%2F&ei=Ga7VVJCND5HhuQTVwIIQ&usg=AFQjCNGNehsBum1h5chSxMCu8f7i0e21mA
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=22281382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20XS%5BAuthor%5D&cauthor=true&cauthor_uid=24879902
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Ffitoterapia%2F&ei=MabVVNizLJSUuQTj1oDoDw&usg=AFQjCNF_NF5o0vsffW-bWij2fTBN-ACBXg
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Khang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24735475
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=18048883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19671733
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=16528968
http://www.ncbi.nlm.nih.gov/pubmed/25623835
http://www.ncbi.nlm.nih.gov/pubmed/25623835
http://www.ncbi.nlm.nih.gov/pubmed/25623835
http://www.ncbi.nlm.nih.gov/pubmed/25623835
http://www.ncbi.nlm.nih.gov/pubmed/15816540
http://www.ncbi.nlm.nih.gov/pubmed/15816540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kulikov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17524349
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13881981&ei=2qrUVP3oD5KjugSt7YKYCg&usg=AFQjCNE1CFuB5B2OGWJm-DCj_2VBLKWgqA&bvm=bv.85464276,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13881981&ei=2qrUVP3oD5KjugSt7YKYCg&usg=AFQjCNE1CFuB5B2OGWJm-DCj_2VBLKWgqA&bvm=bv.85464276,d.c2E
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-L%C3%A1zaro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14531018
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fjournal%2F1552-5783_Investigative_ophthalmology_visual_science&ei=SB1DVevoLKT3mQXYh4GACw&usg=AFQjCNFrwvKCICbUOcfelgF_9iXbVM7koQ&bvm=bv.92189499,d.dGY
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fjournal%2F1552-5783_Investigative_ophthalmology_visual_science&ei=SB1DVevoLKT3mQXYh4GACw&usg=AFQjCNFrwvKCICbUOcfelgF_9iXbVM7koQ&bvm=bv.92189499,d.dGY
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjj-K_jmPPGAhVC5aYKHQXFCqA&url=http%3A%2F%2Fwww.clockss.org%2Fclockss%2FMolecular_Interventions&ei=X-KxVaPNF8LKmwWFiquACg&usg=AFQjCNHJp_Z6OOja5tgN9CluDqgbWi_GZQ&bvm=bv.98476267,d.dGY
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjj-K_jmPPGAhVC5aYKHQXFCqA&url=http%3A%2F%2Fwww.clockss.org%2Fclockss%2FMolecular_Interventions&ei=X-KxVaPNF8LKmwWFiquACg&usg=AFQjCNHJp_Z6OOja5tgN9CluDqgbWi_GZQ&bvm=bv.98476267,d.dGY

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

not murine cancer cells”, Anticancer Drugs, 11,
pp 455-463.

Sreenivasan, Y., et al, (2006), “Oleandrin-
mediated expression of Fas potentiates apoptosis

in tumor cells”, Journal of Clinical Immunology,
26, pp 308-322.

Verheye-Dua, F., and Bohm, L., (1996),
“Influence of ouabain on cell inactivation by
irradiation”, Strahlentherapie und Onkologi, 172,
pp 156-161.

Verheye-Dua, F., and Bohm, L., (1998), “Na+,K+-
ATPase inhibitor, ouabain accentuates irradiation
damage in human tumour cell lines”, Radiation
Oncology Investigations, 6, pp 109-119.

Rajasekaran, S. A., et al., (2001), “Na,K-ATPase
betasubunitis required for epithelial polarization,
suppression of invasion, and cell motility”,
Molecular Biology of the Cell, 12, pp 279-295.

Rajasekaran, A. K., and Rajasekaran, S. A.,
(2003), “Role of Na-K-ATPase in the assembly
of tight junctions”, American journal of
physiology:Renal physiology, 285, pp F388-
F396.

Rajasekaran, S. A., et al., (2005), “Multiple
functions of Na,K-ATPase in epithelial cells”,
Seminars in Nephrology, 25, pp 328-334.

Guo, J. L., et al., (2012), “Toxicarioside A
inhibits SGC-7901 proliferation, migration and
invasion via NF-kB/bFGF signaling”, World
Journal of Gastroenterology, 18, pp 1602-16009.

Huang, F. Y., et al., (2012), “Toxicarioside A
inhibits tumor growth and angiogenesis:
involvement of TGF-B/endoglin signaling”, PL0S
One, 7, pp €50351.

Park, H. Y., et al, (2014), “Calotropin: a
cardenolide from calotropis gigantea that inhibits
Whnt signaling by increasing casein kinase la in
colon cancer cells”, Chembiochem, 15, pp 872-
878.

Trenti, A., et al., (2014), “Cardiac glycoside
ouabain induces autophagic cell death in non-
small cell lung cancer cells via a INK-dependent
decrease of Bcl-2”, Biochemical Pharmacology,
89, pp 197-2009.

Prassas, I., et al., “High-throughput screening for
modulators of tissue-kallikrein expression”,
American Association for Cancer Research
(AACR) Annual Meeting, Los Angeles, USA,
April 14- 18th, 2007.

Florkiewicz, R. Z., et al., (1998), “The inhibition
of fibroblast growth factor-2 export by
cardenolides implies a novel function for the
catalytic subunit of Na+,K+-ATPase”, The

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

1894

Journal of Biological Chemistry, 273, pp 544—
551.

Smith, J. A, et al., (2001), “Inhibition of export of
fibroblast growth factor-2 (FGF-2) from the
prostate ¢ ancer cell lines PC3 and DU145 by
Anvirzel and its cardiac glycoside component,
oleandrin”, Biochemical Pharmacology, 62, pp
469-472.

Lin, Y., et al., (2008), “Determinants of human
and mouse melanoma cell sensitivities to
oleandrin”, Journal of Experimental Therapeutics
and Oncology, 7, pp 195-205.

Felth, J., et al., (2009), “Cytotoxic effects of
cardiac glycosides in colon cancer cells, alone
and in combination with standard
chemotherapeutic drugs”, Journal of Natural
Products, 72, pp 1969-1974.

Hong, D. S, et al., (2014), “First-in-human study
of pbi-05204, an oleander-derived inhibitor of
akt, fgf-2, nf-kB and p70s6k, in patients with
advanced solid tumors”, Investigational New
Drugs, 32, pp 1204-1212.

Yang, P., et al., (2014), “Cellular location and
expression of Na+, K+ -ATPase a subunits affect
the anti-proliferative activity of oleandrin”,
Molecular Carcinogenesis, 53, pp 253-263.

Pan, Y., et al., (2015), “PBI-05204, a supercritical
CO2 extract of Nerium oleander, inhibits growth
of human pancreatic cancer via targeting the
PI3K/mTOR pathway”, Investigational New
Drugs, 33, pp 271-279.

Kumar, A., et al., (2013), “Oleandrin: A cardiac
glycosides with potent cytotoxicity”,
Pharmacognosy Reviews, 7, pp 131-1309.

Neriumbiotech
(http://www.neriumbiotech.com/cancer_research.
htm) Date accessed February, 2015

Slingerland, M., et al, (2013), “Cardiac
glycosides in cancer therapy: from preclinical
investigations towards clinical trials”,
Investigational New Drugs, 31, pp 1087-1094.

Okina, Y., et al., (2015), “Cardenolide aglycones
inhibit tumor necrosis factor a-induced
expression of intercellular adhesion molecule-1 at
the translation step by blocking Na*/K*-ATPase”,
Biological and Pharmaceutical Bulletin, 38, pp
39-47.

Zeino, M., et al., (2015a), “Cytotoxicity of
cardiotonic steroids in sensitive and multidrug-
resistant leukemia cells and the link with
Na(+)/K(+)-ATPase”, The Journal of Steroid
Biochemistry and Molecular Biology, 150, pp 97-
111.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjetbimn_PGAhVLJZQKHR3tBTg&url=http%3A%2F%2Fwww.springer.com%2Fmedicine%2Fradiology%2Fjournal%2F66&ei=NumxVd7CJ8vK0ASd2pfAAw&usg=AFQjCNH_gty54R_SFhBNFMOu2gpBiP9qbg&bvm=bv.98476267,d.dGY
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=0CDUQFjAGahUKEwi6k_L7rPPGAhXEnZQKHSWICl0&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F100901990&ei=i_exVfqhH8S70gSlkKroBQ&usg=AFQjCNGbA-h_GlKlFmB6mrpx8XKvJZ6NXg&bvm=bv.98476267,d.dGY
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=0CDUQFjAGahUKEwi6k_L7rPPGAhXEnZQKHSWICl0&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F100901990&ei=i_exVfqhH8S70gSlkKroBQ&usg=AFQjCNGbA-h_GlKlFmB6mrpx8XKvJZ6NXg&bvm=bv.98476267,d.dGY
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=22529688
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.wjgnet.com%2F1007-9327%2F&ei=MwtHVZ3zGMjnuQTspYDADg&usg=AFQjCNE7iXZ1v0h5Md2G0xIWp7AC_IFqBQ&bvm=bv.92291466,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.wjgnet.com%2F1007-9327%2F&ei=MwtHVZ3zGMjnuQTspYDADg&usg=AFQjCNE7iXZ1v0h5Md2G0xIWp7AC_IFqBQ&bvm=bv.92291466,d.c2E
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20FY%5BAuthor%5D&cauthor=true&cauthor_uid=23209720
http://www.ncbi.nlm.nih.gov/pubmed/23209720
http://www.ncbi.nlm.nih.gov/pubmed/23209720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=24644251
http://www.ncbi.nlm.nih.gov/pubmed/24644251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trenti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24630927
http://www.ncbi.nlm.nih.gov/pubmed/24630927
http://www.ncbi.nlm.nih.gov/pubmed/24630927
http://www.ncbi.nlm.nih.gov/pubmed/24630927
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19066128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Felth%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19894733
http://www.ncbi.nlm.nih.gov/pubmed/19894733
http://www.ncbi.nlm.nih.gov/pubmed/19894733
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=24919855
http://www.ncbi.nlm.nih.gov/pubmed/24919855
http://www.ncbi.nlm.nih.gov/pubmed/24919855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23073998
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25476893
http://www.ncbi.nlm.nih.gov/pubmed/25476893
http://www.ncbi.nlm.nih.gov/pubmed/25476893
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.phcogrev.com%2F&ei=6ERDVbbdCOK1mAXGkoGgBA&usg=AFQjCNH6jqRR5TTF8Sllcndc8iRvM2gqQQ
http://www.neriumbiotech.com/cancer_research.htm
http://www.neriumbiotech.com/cancer_research.htm
http://www.ncbi.nlm.nih.gov/pubmed/?term=Slingerland%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23748872
http://www.ncbi.nlm.nih.gov/pubmed/23748872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okina%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25744456
http://www.ncbi.nlm.nih.gov/pubmed/25744456
http://www.ncbi.nlm.nih.gov/pubmed/25797029
http://www.ncbi.nlm.nih.gov/pubmed/25797029
http://www.ncbi.nlm.nih.gov/pubmed/25797029
http://www.ncbi.nlm.nih.gov/pubmed/25797029
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAAahUKEwjZ-4mbv_PGAhVj26YKHW1dDpM&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fthe-journal-of-steroid-biochemistry-and-molecular-biology%2F&ei=rAqyVdn1LeO2mwXturmYCQ&usg=AFQjCNEKw-QEu0XqU9YZm1qdtfnnVHa_PA&bvm=bv.98476267,d.dGY
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAAahUKEwjZ-4mbv_PGAhVj26YKHW1dDpM&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fthe-journal-of-steroid-biochemistry-and-molecular-biology%2F&ei=rAqyVdn1LeO2mwXturmYCQ&usg=AFQjCNEKw-QEu0XqU9YZm1qdtfnnVHa_PA&bvm=bv.98476267,d.dGY

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2

Zeino, M., et al., (2015b), “Identification of new
P-glycoprotein inhibitors ~ derived  from
cardiotonic steroids”, Biochemical
Pharmacology, 93, pp 11-24.

Wang, H. Y. L., et al, (2011a), “C5'-Alkyl
Substitution Effects on Digitoxigenin alpha-L-
Glycoside Cancer Cytatoxicity”, ACS Medicinal
Chemistry Letters, 2, pp 259-263.

Wang, H. Y. L., et al,, (2011b), “Synthesis and
Evaluation of the alpha-D-/alpha-L-Rhamnosyl
and Amicetosyl Digitoxigenin Oligomers as
Antitumor Agents”, ACS Medicinal Chemistry
Letters, 2, pp 264—-2609.

Manna, S. K., et al., (2006), “Cardiac glycoside
inhibits 1L-8-induced biological responses by
down regulating IL-8 receptors through altering
membrane  fluidity”, Journal of Cellular
Physiology, 207, pp 195-207.

Piccioni, F., et al., (2004), “A screen for drugs
that protect against the cytotoxicity of
polyglutamine-expanded androgen receptor”,
Human Molecular Genetics, 13, pp 437-446.

Wang, J. KT., et al., (2006), “Cardiac glycosides
provide neuroprotection against ischemic stroke:
discovery by a brain slice-based compound
screening platform”, Proceedings of the National
Academy of Sciences USA, 103, pp 10461-
10466.

Li, J., et al.,, (2006), “Low doses of ouabain
protect from serum  deprivation-triggered
apoptosis and stimulate kidney cell proliferation
via activation of NF-xB”, Journal of the
American Society of Nephrology, 17, pp 1848-
1857.

Pierre, S. V., et al., (2007), “Ouabain triggers
preconditioning through activation of the Na+,
K+-ATPase signaling cascade in rat hearts”,
Cardiovascular Research, 73, pp 488-496.

Bertol, J. W., et al.,, (2011), “Antiherpes activity
of glucoevatromonoside, a cardenolide isolated
from a Brazilian cultivar of Digitalis lanata”,
Antiviral Research, 92, pp 73-80.

Mekhail, T., et al., (2006), “Phase 1 trial of
Anvirzel in patients with refractory solid tumors”,
Investigational New Drugs, 24, pp 423-427.

Watson, T. R., and Wright, S. E., (1956), “The
Cardiac Glycosides of Gomphocarpus fruticosus
(RBr.) I. Afroside”, Australian Journal of
Chemistry, 9, pp 497-511.

Watson, T. R., and Wright, S. E., (1957), “The
Cardiac Glycosides of Gomphocarpus fruticosus
(R.Br.) II. Gomphoside”, Australian Journal of
Chemistry, 10, pp 79-84.

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*

[229]

[230]

[231]

1895

Coombe, R. G. and Watson, T. R., (1964), “The
Cardiac Glycosides of Gomphocarpus fruticosus
(R. Br.) III. Gomphoside”, Australian Journal of
Chemistry, 17, pp 92-100.

Singh, B., and Rastogi, R. P., (1969), “Chemical
investigation of Asclepias curassavica Linn”,
Indian Journal of Chemistry, 7, pp 1105-1110.

Singh, B., and Rastogi, R. P., (1972), “Structure
of ascelpin and some observations on the NMR
spectra of Calotropis glycosides”,
Phytochemistry, 11, pp 757-762.


http://www.ncbi.nlm.nih.gov/pubmed/25451686
http://www.ncbi.nlm.nih.gov/pubmed/25451686
http://www.ncbi.nlm.nih.gov/pubmed/25451686
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%2528ISSN%25291553-0809&ei=luHVVObIOtO9uASR0wE&usg=AFQjCNFY-YXDBUhJxSATrf3CVUFEZGSeVg
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F%2528ISSN%25291553-0809&ei=luHVVObIOtO9uASR0wE&usg=AFQjCNFY-YXDBUhJxSATrf3CVUFEZGSeVg
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fhmg.oxfordjournals.org%2F&ei=KuHVVP2lIcKRuATj1IDYDw&usg=AFQjCNEhEiDG492R5qmI6ars-RO-15aWbw
http://www.pubfacts.com/author/James+K+T+Wang
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=ouDVVKPKEM-5uASmoYAg&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=ouDVVKPKEM-5uASmoYAg&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fjasn.asnjournals.org%2F&ei=E93VVJbVBo6huQSQ0oLYDw&usg=AFQjCNGeB8VTIoaC_m8PoAC3Iczbi80Pug
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fjasn.asnjournals.org%2F&ei=E93VVJbVBo6huQSQ0oLYDw&usg=AFQjCNGeB8VTIoaC_m8PoAC3Iczbi80Pug
http://www.pubfacts.com/author/Sandrine+V+Pierre
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAA&url=http%3A%2F%2Fcardiovascres.oxfordjournals.org%2F&ei=i9zVVKTyNImPuASep4EQ&usg=AFQjCNF-itSF5ysme70wwpfPyD6fczirAg
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertol%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=21763352
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fantiviral-research%2F&ei=YAxHVeHqFoKdugSZwoDgBQ&usg=AFQjCNGStNxpVsbful3vXMxxQpRB6qrQ2A&bvm=bv.92291466,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.publish.csiro.au%2Fnid%2F51.htm&ei=p29EVcvbGsq3uASUhYGgCQ&usg=AFQjCNGWi0qS1FU9qDfi7p3QlzfUOOfFCQ

International Journal of Indigenous Medicinal Plants, ISSN: 2051-4263, VVol.48, Issue.2 1896

¢ RECENT
Q¥ SCIENCE
© RECENT SCIENCE PUBLICATIONS ARCHIVES | August 2015|$25.00 | 27704525|
*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions*


https://www.researchgate.net/publication/282148235

‘.\' frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 11 October 2019
doi: 10.3389/fphar.2019.01186

OPEN ACCESS

Edited by:
Maura Palmery,
Sapienza University of Rome, Italy

Reviewed by:

Marika Cordaro,

Universita degli Studi di Messina,
Italy

Tania Silvia Frode,

Federal University of Santa Catarina,
Brazil

Yucui Li,

Guangzhou University of Chinese
Medicine, China

Eduardo Dalmarco,

Federal University of Santa Catarina,
Brazil

*Correspondence:
Anurag Varshney
anurag@pirft.co.in

Specialty section:

This article was submitted to
Inflammation Pharmacology,
a section of the journal
Frontiers in Pharmacology

Received: 07 February 2019
Accepted: 13 September 2019
Published: 11 October 2019

Citation:

Balkrishna A, Sakat SS, Joshi K,
Joshi K, Sharma V, Ranjan R,
Bhattacharya K and Varshney A
(2019) Cytokines Driven Anti-
Inflammatory and Anti-Psoriasis
Like Efficacies of Nutraceutical Sea
Buckthorn (Hippophae rhamnoides)
Oil. Front. Pharmacol. 10:1186.
doi: 10.3389/fphar.2019.01186

Check for
updates

Cytokines Driven Anti-Inflammatory
and Anti-Psoriasis Like Efficacies
of Nutraceutical Sea Buckthorn
(Hippophae rhamnoides) Oil

Acharya Balkrishna?, Sachin Shridhar Sakat’, Kheemraj Joshi’, Kamal Joshi?,
Vinay Sharma’, Ravikant Ranjan’, Kunal Bhattacharya'’ and Anurag Varshney'?*

" Drug Discovery and Development Division, Patanjali Research Institute, Haridwar, India, 2 Department of Allied Sciences,
University of Patanjali, Patanjali YogPeeth, Haridwar, India

Psoriasis is a chronic inflammatory skin disease characterized by circumscribed, red,
thickened plaques with overlying silvery white scales. It is associated with the release of
pro-inflammatory mediators that lead to the development of edema and distress. Here we
show the anti-inflammatory and anti-psoriatic efficacies of a neutraceutical sea buckthorn
oil (SBKT) derived from the fruit pulp of Hippophae rhamnoides. Chemical analysis of
the SBKT showed the presence of 16 major saturated, mono-, and polyunsaturated
fatty acids components, imparting significant nutritional values. Efficacy of the SBKT in
modulating psoriasis and associated inflammation was first tested in vitro using human
monocytic (THP-1) cells. SBKT induced cytotoxicity at a dose of >25 ul/ml. Treatment
of the lipopolysaccharide-stimulated THP-1 cells with SBKT subdued the enhanced
release of intracellular reactive nitrogen species and expression of NF-kB protein, in a
concentration-dependent manner. This was accompanied by a reduction in the release
of downstream pro-inflammatory cytokines: Interleukin-1p and interleukin-6. Tumor
necrosis factor-a released in the stimulated THP-1 cells were also inhibited by SBKT dose
of 5 pi/ml. In vivo oral and topical treatment with SBKT in the Carrageenan-stimulated
paw edema model, showed a significant decrease in paw volume and edema. In the
12-0 tetradecanoyl phorbol 13-acetate (TPA) stimulated CD-1 mice psoriasis-like model,
concurrent oral and tropical SBKT treatments substantially reduced ear edema and
ear biopsy weights. Histopathologically, significant reduction in ear epidermal thickness
and skin lesion scores was observed in the SBKT-treated animals. In conclusion, SBKT
showed anti-inflammatory and anti-psoriasis-like efficacies in healing chemical-induced
inflammation and psoriasis. The possible mode of action of SBKT was found through
inhibition of reactive nitrogen species, and downregulation of NF-xB protein and pro-
inflammatory cytokines. Thus, the present data suggest that Sea buckthorn oil can be
used as an anti-inflammatory and anti-psoriatic nutraceutical.

Keywords: sea buckthorn oil, nutraceutical, anti-inflammatory activity, paw edema, psoriasis, 12-O-tetradecanoyl
phorbol-13-acetate, THP-1, cytokines
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INTRODUCTION

Inflammation is induced as a response by the immune system
to stimulations by invading foreign pathogens or by endogenous
signals originating from damaged cells. While the primary function
for pro-inflammatory cells is to counter the inducer and perform
damage repair, sustained and unchecked inflammation can lead
to the development of pathologies and induction of chronic
diseases. Psoriasis is one such chronic inflammatory disease of
skin and joints that affects 2-3% of the population of the world
at the age of <40 years (Lebwohl, 2003; Wagner et al., 2010; World
Health Organization, 2016). General symptoms of the psoriasis
are circumscribed, red, and thickened plaques with an overlying
silver-white scale(s) inducing itching, burning, and irritation.

Pathological signatures for psoriasis development include
enhanced keratinocyte proliferation in the basal and suprabasal
epidermal regions, the diminished thickness of the stratum
granulosum, hyperkeratosis, and parakeratosis (Gudjonsson and
Elder, 2008). Critical inflammatory cells such as macrophages,
dendritic cells, neutrophils, lymphocytes, and T helper (T}
cells infiltrate the psoriasis lesions, and along with the stressed
keratinocytes produce reactive oxygen and nitrogen species,
and pro-inflammatory cytokines and chemokines (Liu, 2005;
Richardson and Gelfand, 2008; Wagner et al., 2010). Currently,
there are no permanent treatments for psoriasis, and anti-
inflammatory drugs are topically applied during the flaring of
the disease.

The term “nutraceutical” has been derived from the
combination of “nutrition” and “pharmaceutical” to describe a
nutritional product with pharmaceutical effects (Das et al., 2012).
Nutraceuticals application includes a range of therapeutic areas
like skin diseases, sleeping disorders, osteoporosis, metabolic
disorders, etc. Sea buckthorn [Hippophae rhamnoides L.; sea
buckthorn oil (SBKT)] belongs to the plant family Elaeagnaceae.
It is a medium-sized, thorny plant grows in the cold arid regions
of Europe and Asia. Medicinal applications of these plants have
been mentioned in the ancient Greek and Tibetan medicinal
texts. Due to its wide medicinal applications, SBKT has also
been named as a “wonder plant” Different parts of the SBKT
plants (berries, leaves, young shoots, roots, and bark) have been
used in therapeutic purposes (Redei et al.,, 2018). In modern
times, the SBKT plant and its parts have been studied for their
therapeutic applications in cardiovascular, gastrointestinal,
liver, and skin diseases (Zeb, 2004; Ganju et al., 2005; Gupta
et al., 2005; Suchal et al., 2016; Hou et al., 2017). The oil content
of the dried fruit pulp of SBKT is about 20-25%. The oil

Abbreviations: SBKT, sea buckthorn oil; TNF-a, tumor necrosis factor-a; IL-6,
interleukin-6; IL-1f, interleukin-1B; LPS, lipopolysaccharides; ELISA, enzyme-
linked immunosorbent assay; RPMI, Roswell Park Memorial Institute 1640
Medium; FBS, fetal bovine serum; RNS, reactive nitrogen species; CPCSEA,
Committee for the Purpose of Control and Supervision of Experiments on
Animals; JAEC, Institutional Animal Ethical Committee; DEXA, dexamethasone;
Na CMC, sodium carboxy methyl cellulose; ANOVA, analysis of variance; NC,
normal control; TPA, 12-O-tetradecanoyl phorbol-13-acetate; VC, vehicle
control; TPA CON, TPA control; INDO, indomethacin; T.A., topical application;
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids.

obtained from the pulp of the SBKT plant is composed of sterols,
saturated and unsaturated fatty acids, tocopherols, tocotrienols,
and carotenoids (Zeb, 2006; Bal et al., 2011; Bonesi et al., 2016;
Zielinska and Nowak, 2017). Presence of high quantities of these
biomolecules along with mineral elements like Ca, P, Fe, and
K; vitamins like C, B1, B2, and K; and sugars like glucose and
fructose, effectively presents the SBKT plant as a valuable source
for human nutrition (Christaki, 2012). Omega-3 and omega-6
fatty acids have positive effects on neurological disorders, with
observed anti-inflammatory and anti-oxidant activities (Kumar
et al,, 2011). Acute and sub-chronic toxicity studies in animals
have also shown that SBKT is non-toxic up to 90 days of repeated
dosing in rats (Zhao et al., 2017).

In the present study, we performed the chemical analysis of
SBKT and tagged those findings with its observed biological
efficacies. We also investigated the mechanism of action for the
SBKT in its anti-inflammatory and anti-psoriasis-like activities in
bacterial lipopolysaccharide (LPS)-stimulated human monocyte
(THP-1) cells under in vitro conditions. Finally, we validated the
efficacy of SBKT administered at a human equivalent dosage, in
modifying Carrageenan-induced paw inflammation in Wistar
rats, and in ameliorating 12-O-tetradecanoyl phorbol-13-acetate
(TPA)-induced skin psoriasis in CD-1 mice.

MATERIALS AND METHODS

Chemicals and Reagents

SBKT, isolated from the pulp, was obtained from Food and Herbal
Park, Patanjali Ayurveda Limited, Haridwar, India. Culture media
RPMI-1640, fetal bovine serum, and antibiotic/anti-mycotic mixture
were obtained from Gibco. Cytokinesinterleukin 1-beta (IL-1f3),IL-6,
and tumor necrosis factor-a (TNF-o) ELISA kits were purchased
from BD Biosciences. LPS, TPA, \-Carrageenan, indomethacin
(INDO), and dexamethasone (DEXA) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Hematoxylin, potassium aluminium
sulfate dodecahydrate, and mercury (II) oxide red were purchased
from Merck India Pvt. Ltd, Mumbai, India. Eosin yellow and ferric
chloride were purchased from Hi-Media Laboratories, Mumbai,
India. All the other chemicals and reagents purchased for the study
were of the highest commercial grade.

Fatty Acid Profiling of SBKT

The saturated, polyunsaturated, and monounsaturated fat in
SBKT were determined by gas chromatography-flame ionized
detector (GC-FID) using AOAC Method 996.01 (AOAC,
2000). SBKT mixture was refluxed for 10 min after adding
10 ml methanolic NaOH solution. The mixture was again
refluxed for an additional 5 min after the addition of 10 ml BF,
reagent. n-Heptane (10 ml) was added through the top of the
condenser and refluxed for 1 min, and the reaction mixture
was kept for 10 min at ambient temperature. The entire mixture
was transferred to the centrifuge tube, mixed with 5 ml NaCl
solution using a vortex at a low speed, and allowed to separate
into multiple layers. One milliliter of the upper layer containing
fatty acid methyl esters was transferred to GC vial and further
used for the gas chromatography (AOAC, 2000).
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For the GC-FID analysis of the SBKT fatty acid content, a
7890B gas chromatograph (Agilent Technologies) equipped with
flame ionization detector and non-bonded 90% cyanopropyl and
10% phenyl siloxane capillary column was used. Measurements
were obtained following the GC-FID operational parameters of
injector temperature of 250°C, detector temperature of 275°C,
H flow of 34 ml/min, air flow of ca. 300 ml/min, split ratio of
100:1, carrier gas of helium, linear velocity of 21 cm/s at 175°C,
initial temperature of 120°C (hold 4 min), rate of 5°C/min,
final temperature of 230°C, and final time of 5 min. Fatty acid
methyl ester (FAME) mix was used in the identification and
quantification of individual fatty acids. For GC-FID analysis,
FAME was reconstituted with 10 ml of n-hexane (AOAC, 2000).

Cell Culture for In Vitro Experiments

THP-1 cell line was obtained from the National Centre for
Cell Science, Pune, India, and cultured in RPMI-1640 media,
supplemented with 10% heat-inactivated fetal bovine serum in
the presence of penicillin-streptomycin (100 U/ml), sodium
pyruvate (1 mM), and L-glutamine (4 mM). The cells were grown
at 37°Cin a 5% CO, in a sterile environment.

Cell Viability Analysis

SBKT oil was prepared as an emulsion in incomplete culture
media (RPMI-1640). THP-1 cells were plated in a 96-well plate
at a concentration of 10,000 cells per well in a 96-well plate. The
cells were pre-incubated overnight and exposed to the SBKT oil
at concentrations of 0.0, 1.56, 3.12, 6.25, 12.5, 25, and 50 pl/ml
for a period of 24 h. At the end of the exposure time, cells were
washed with 100 pl PBS. One hundred microliters of 0.5 mg/ml
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide was
added to each well, and the plates were incubated for 3 h at 37°C.
At the end of the exposure period, the dye was removed. One
hundred microliters of dimethyl sulfoxide (DMSO) was added, and
the plates were placed on a shaker for 10 min. Absorbance of each
well was read using the PerkinElmer Envision microplate reader at
595-nm wavelength, and cell viability percentage was calculated.

Reactive Nitrogen Species Measurement
THP-1 cells were seeded in 96-well culture plates at a density of
2 X 10° cells/ml. Cells were treated with different concentrations
of SBKT oil emulsion made in incomplete RPMI-1640 media
and incubated for 1 h. Cells were stimulated with LPS (500
ng/ml) and incubated for an additional 24 h at 37°C in CO,
incubator. The reactive nitrogen species (RNS) release in the
culture media was determined using modified Griess reagent
(Sigma), following the manufacturer’s protocol. Absorbance
was recorded at 540 nm using Envision Microplate reader
(PerkinElmer).

Cytokines Level Measurement

THP-1 cells were seeded in 24-well culture plates at a density of
5 x 10° cells/well. For the experiment, SBKT oil was prepared as
an emulsion and mixed with the cell culture media at different
concentrations: 1.25, 2.5, and 5 pl/ml. THP-1 cells were pre-
incubated with the SBKT containing media for 1 h before addition
of 1 pg/ml (final concentration) LPS. No LPS was added to the

negative control cells. Cell culture supernatants were collected
after 24 h, and different pro-inflammatory cytokines IL-1f, IL-6,
and TNF-a were measured using ELISA kits (BD Biosciences)
following the manufacturer’s protocol. Absorbance was recorded
at 450 nm using the Envision microplate reader (PerkinElmer).

Luciferase Reporter NF-kB Gene Assay
THP-1 cells were transiently transfected with luciferase reporter
vector with NF-kB promoter sequence upstream of the luciferase
gene. Transfection was performed following the manufacturer’s
instruction in 96-well plates using Lipofectamine 3000 (Invitrogen,
USA). Two days after transfection, the experiment was performed
as described by Ishimoto et al. (2015) with the following
modifications. Used media was replaced with media containing
test compound and control. After 1 h, LPS was added at a
concentration of 500 ng/ml, where required and incubated further
for 12 h. D-Luciferin salt (PerkinElmer) at a final concentration of
150 ug/ml was added to the cells and incubated at 37°C, protected
from light. Relative percentage changes in light emission intensity
were measured from each well and calculated, and LPS alone was
measured as 100% activity of the NF-kB reporter gene.

Experimental Animals

CD-1 male mice (6-8 weeks) were procured from a Charles
River Laboratory-licensed supplier, Hylasco Biotechnology
Pvt. Ltd, Hyderabad, India. Male Wistar rats (8 to 10 weeks)
were procured from Liveon Biolabs Pvt. Ltd, Bangalore, India.
All the animals were placed under a controlled environment
with a relative humidity of 60-70% and 12:12-h light and
dark cycle in a registered animal house (1964/PO/RC/S/17/
CPCSEA) of Patanjali Research Institute, India. The animals
were fed a standard pellet diet (Golden Feed, India) and sterile-
filtered water ad libitum. The study protocol was approved
by the Institutional Animal Ethical Committee (IAEC) of
Patanjali Research Institute vide approval numbers: PRIAS/LAF/
IAEC-008 and PRIAS/LAF/TAEC-022. All the experiments
were performed in accordance with relevant guidelines and
regulations described by the ethical committees.

Evaluation of In Vivo Anti-Inflammatory
and Anti-Psoriasis-Like Efficacies

Carrageenan-Induced Rat Paw Edema Model

Carrageenan-induced paw edema test was performed according
to the modified methods described earlier (Sakat et al., 2014).
Wistar rats were divided into different groups of eight animals
each based on basal paw volume (0 h), measured using
Plethysmometer (Ugo Basile, Italy). Inflammation was induced
by the subcutaneous injection of A-Carrageenan (0.1 ml of 1%
solution in normal saline) into the plantar side of the left hind paw.
The paw was marked with ink at the level of the lateral malleolus,
and the volume was measured up to the mark at 1, 2, 3, 4, and 5
h after carrageenan injection for all the animals. Further, animals
were treated orally with SBKT [100 mg/kg p.o. + 40 pl/paw topical
application (T.A.)] or INDO at 10 mg/kg (p.o.), 1 h before
carrageenan challenge. Paw edema was calculated by subtracting
the 0-h (basal) paw volume from the respective paw volumes at 1,
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2,3,4,and 5 h. The anti-inflammatory activity (%) was calculated
for each animal using the following formula: [Mean paw edema
of control animals (ml) — paw edema of each test animals (ml)]/
[Mean paw edema of control animals (ml)] X 100.

TPA-Induced Psoriasis-Like Lesion Mouse Model
Anti-psoriatic-like effects of SBKT were examined on the TPA-
induced skin inflammation model as described previously with
a slight modification (Goto et al., 2010). Briefly, 20 pl of TPA
solution (2.5 ug/ear of TPA in acetone) was applied topically on
the right ear of CD-1 mice on days 0, 2, 4, 6, 8, and 10. The left ear
was served as the vehicle control and treated with 20 pl of acetone
on the same days. Ear thickness was measured every day using a
digital Vernier caliper (Mitutoyo, Tokyo, Japan). An increase in
ear thickness was determined by subtracting the ear thickness of
day 0 (before TPA or acetone application) from the respective
time point thickness. Animals were treated with a vehicle or
SBKT (at 100 mg/kg p.o. + 20 pl T.A and 200 mg/kg p.o. + 20
pl T.A.) or DEXA (0.2 mg/ear T.A.) throughout the study. The
anti-psoriasis activity (%) was calculated for each animal on day
10 (D10), using the following formula: [Mean ear edema of TPA
control mice — ear edema of each mouse of test or DEXA-treated
mouse]/[Mean ear edema of TPA control mice] X 100.

Histopathological Analysis

CD-1 mice were humanely euthanized on day 10 after 6 h of the
last drug treatment. Ear biopsy samples were weighed and fixed
in 10% (v/v) neutral-buffered formalin, embedded in paraffin,
and sectioned at 3-5 pm. The sections were then stained with
hematoxylin and eosin. By using a bright-field microscope,
low-magnification and high-magnification histology images
of the ear biopsy samples were obtained at 100x and 400x,
respectively. The thickness of the epidermis (from the basal
layer to the stratum corneum) was measured by MagVision
image analysis software using the Magcam DC5 microscopic
camera and calibration by a stage micrometer. The severity of
the observed lesions was recorded as NAD = no abnormality
detected, 1 = minimal (<1%), 2 = mild (1-25%), 3 = moderate
(26-50%), 4 = moderately severe/marked (51-75%), and
5 = severe (76-100%). Distribution of the lesions was recorded
as focal, multifocal, and diffused. The different parameters like
the extent of the lesion, severity of hyperkeratosis, number
and size of pustules, epidermal hyperplasia (measured in the
interfollicular epidermis), the severity of inflammation in the
dermis and soft tissue, and any other lesion(s) were considered
for histopathological examination and scoring.

Statistical Analysis

The data are expressed as mean + SEM for each group. Statistical
analysis was done using GraphPad Prism version 7.03 software.
Two-way ANOVA followed by Newman-Keuls multiple
comparison test was used to calculate the statistical difference
in absolute paw volume, paw edema, and ear edema. A one-way
ANOVA followed by Dunnetts multiple comparison post hoc
test was used to calculate the statistical difference in cytokine(s)
analysis, ear biopsy weights, epidermal thickness, and lesion scores.
The values of p < 0.05 were considered statistically significant.

RESULTS

Chemical Profiling of SBKT Components
Using GC-FID

GC-FID technique-based chemical analysis of the SBKT showed
the presence of 16 major fatty acid peaks and several minor peaks
(Figure 1A). Saturated fatty acid content represented the highest
quantity of fatty acids (57.06%) present in the SBKT, followed by
monounsaturated (23.31%) and polyunsaturated (19.64%) fatty
acids (Table 1 and Figure 1B). FAME-based GC-FID analysis of
the SBKT for the identification and quantification of individual
fatty acids showed the presence of palmitic acids (26.30%), cis-9
oleic acid (13.66%), linoleic acid (9.31%), lignoceric acid (9.16%),
myristic acid (8.40%), palmitoleic acid (8.10%), stearic acid
(7.45%), tricosanoic acid (1.97%), henicosadienoic acid (1.55%),
alpha-linolenic acid 1.53%), heptadecanoic acid (1.31%), butyric
acids (1.12%), pentadecanoic acid (0.81%), and arachidic acid
(0.54%) (Table 1). Several other fatty acid components were also
detected in the SBKT, but their quantities were relatively low
(<0.10%) (Table 1).

In Vitro Anti-Inflammatory Activity of SBKT
Traditional use of SBKT in reducing gastric ulcers as an anti-
inflammatory mediator has been attributed to the modulation
of pro-inflammatory mediators (Xing et al., 2002). SBKT was
found to induce significant (p < 0.01) loss of cell viability in the
normal THP-1 cells at concentrations >25 pl/ml (Figure 2A).
Therefore, 10 pl/ml was taken as the maximum test dose for
subsquent in vitro assessments. Analysis of the RNS production
in the LPS-stimulated THP-1 cells showed a significant (p <
0.001) increase as compared to the normal cells. SBKT treatment
of the stimulated THP-1 cells led to a reduction in the cellular
RNS levels (p < 0.01) in a concentration-dependent manner
(Figure 2B). Treatment of the THP-1 cells with LPS also
stimulated the expression of inflammatory NF-kB protein
(Figure 2C). This stirred-up increase in the NF-kB protein
expression was ameliorated by SBKT treatment. Increase in the
NF-kB protein expression was also associated with a significant
increase in the release of the pro-inflammatory cytokines: IL-1f8
(p < 0.001), IL-6 (p < 0.001), and TNF-a (p < 0.001) (Figures
2D, E, F). Treatment of the THP-1 cells with SBKT emulsion
significantly reduced the LPS-stimulated release levels of IL-1f
[5 pl/ml (p < 0.05), 2.5 pl/ml (p < 0.01), and 1.25 pl/ml (p <
0.05)] and IL-6 [5 pl/ml (p < 0.001), 2.5 pl/ml (p < 0.01), and
1.25 pl/ml (p < 0.001)] from the THP-1 cells (Figures 2D, E).
A reducing trend in TNF-a cytokine release in the THP-1
cells treated with SBKT and LPS was observed at 24 h, with a
significant reduction occurring at the highest test concentration
of the oil (5 pl/ml; p < 0.01) (Figure 2F).

In Vivo Anti-Inflammatory Effects of SBKT

Subplantar injection of A-Carrageenan (0.1 ml of 1% solution
in normal saline) in the Wistar rats induced a time-dependent
increase in both the absolute paw volume and paw edema
(Figures 3A, B). Post-treatment of the Carrageenan-stimulated
Wistar rats with 10 mg/kg of standard anti-inflammatory drug

Frontiers in Pharmacology | www.frontiersin.org

October 2019 | Volume 10 | Article 1186


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org

Balkrishna et al. SBKT-Induced Anti-Psoriatic Effects

500
480
460
40
420
400
280
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

60

40

20

«-19.544 Palmbic Acid ME

pA

16.805 Myristic AcidME
Acid ME
23 498 Cis-9-Oleic Acid ME

-24 904 Linoleic Acid ME

-25 846 Arachidic Acid ME

«10.468 Palmitolei

20.987 Heptadecanoic Acid ME

«-31.998 Lignoceric Acid ME

22 569 Stearic acid ME

-37.492 Cis-4,7,10,13,16,19-Docosahexancic Acd ME

26.57 Alpha Linolenic Acid ME
27.655 Heneicosenoic Acid ME
11 Tricasanoic Acid ME

il

=€18.124 Pentadecancic Acid ME

L 8,714 Bulyric Acid ME
=14 779 Lauric Acid ME

T

A LA

8 8 10 11 12 13 14 15 18 17 18 18 20 21 22 23 24 26 26 27 26 20 30 31 32 33 34 35 36 37 38

Time (mins)

mSFA mMUFA ®mPUFA

FIGURE 1 | Gas chromatography—flame ionized detector (GC-FID) chromatogram of sea buckthorn oil (SBKT). (A) The fatty acid composition of the SBKT was
determined using the GC-FID methodology. Individual fatty acids were identified and quantified using fatty acid methyl ester methodology. Chromatography analysis
identified 16 major fatty acids. (B) Pie-diagram represents the percentage of three categories of fatty acids identified in the SBKT —saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) (also see Table 1).

INDO exhibited a significant reduction of absolute paw volume  Carrageenan-stimulated rats with SBKT induced an observable
(p < 0.001) and paw edema (p < 0.001) (Figures 3A, B). Oral  decrease in both the paw absolute volume and paw edema
(100 mg/kg: calculated from a human equivalent dose of 2000  (statistically significant at 4 h; p < 0.05), compared to the disease
mg/day, for rats) and topical (40 pl/paw) treatment of the control animals (Figures 3A, B).
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TABLE 1 | Gas chromatography-flame ionized detector analysis of sea buckthorn oil (SBKT) fatty acid contents.

Fatty acid name

Chemical structure

Content (%)

Palmitic acid ME
(C16H5,0,; mol wt. 256.43; SFA)

Lignoceric acid ME

(CagHesOs; Mol W. 368.63; SFA)

Myristic acid ME
(Cy4H250,; mol wt 228.37; SFA)

Stearic acid ME
(C1gH360,; mol wt. 284.48; SFA)

Tricosanoic acid ME
(CgH460,; Mol wt. 354.61; SFA)

Butyric acid ME (C,HzO,; mol wt. 88.11; SFA)

Heptadecanoic acid ME
(C47H3,0,; mol wt 270.45; SFA)

Pentadecanoic acid ME
(Cy5H500,; mol wt. 242.39; SFA)

Arachidic acid ME
(CooH400,; mol wt. 312.53; SFA)

Cis-9 Oleic acid ME
(C1gH540,; mol wt. 282.47; MUFA)

Palmitoleic acid ME
(C1gH500,; mol wt. 254.41; MUFA)

Henicosadienoic acid ME
(Cy1H350,; mol wt. 322.53; MUFA)

Linoleic acid ME
(C1gH3,0,; mol wt. 280.44; PUFA)
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TABLE 1 | Continued

Docosahexaenoic acid ME

(CapHapOy; Mol Wt 328.48; PUFA)

Alpha-linolenic acid ME

(C15Hs005; Mol wt. 278.43; PUFA)

8.80

1.58

Quantified fatty acid methyl esters (ME) have been listed in the descending order of contents (%) for saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA), in SBKT (also see Figure 1). The following fatty acid MEs were found to be <0.10% quantitatively: caproic acid ME, cis-10-penta decanoic acid
ME, cis-10-heptadecanoic acid ME, trans-9 elaidic acid ME, linolelaidic acid ME, myristoleic acid ME, cis-11-eicosenoic acid ME, caprylic acid ME, cis-11,14 eicosadienoic acid
ME, behenic acid ME, cis 8,11, 14 eicosatrienoic acid ME, erucic acid ME, cis 11,14,17 eicosatrienoic acid, capric acid ME, lauric acid ME, tridecanoic acid ME, EPA ME, gamma-
linolenic acid ME, arachidonic acid ME, cis 13,16 docosadienoic acid ME, and nervonic acid ME.
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FIGURE 2 | In vitro anti-inflammatory potentials of the SBKT. (A) Treatment of THP-1 cells with SBKT induced loss of cell viability at concentrations >25 pl/ml.
Treatment of the lipopolysaccharide (LPS)-stimulated THP-1 cells with the non-cytotoxic doses of SBKT showed amelioration in the production of (B) reactive
nitrogen species (RNS) and (C) NF-kB. Downstream reduction in the release of pro-inflammatory cytokines: (D) interleukin-14 (IL-1p), (E) interleukin-6 (IL-6), and
(F) tumor necrosis factor-a (TNF-a) was observed in the LPS-stimulated THP-1 cells treated with different concentrations of SBKT. These experiments were
performed thrice in triplicates. One-way ANOVA followed by Dunnett’s post hoc test was performed to calculate statistical significance. #p < 0.001 (LPS-stimulated
versus normal control cells); *p < 0.05, *p < 0.01, **p < 0.001 (LPS only stimulated cells versus LPS + SBKT-treated cells).
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FIGURE 3 | Effect of SBKT on A-Carrageenan-induced paw rat edema
model. Co-treatment of carrageenan-stimulated Wistar rats with SBKT
[100 mg/kg; p.o. and 40 pl topical application (T.A.)] or with INDO (10 mg/
kg; p.o.) led to a considerable reduction in their (A) absolute paw volume
and (B) paw edema. Statistical analysis of the treatments was performed
using two-way ANOVA followed by Newman-Keuls multiple comparison test
(n =7 animals). *p < 0.05, **p < 0.01, **p < 0.001 (DC versus SBKT; DC
versus INDO-treated animals). DC, disease control, SBKT, sea buckthorn oil;
INDO, indomethacin.

In Vivo Anti-Psoriatic Activity of SBKT

TPA formulated in acetone was applied on the CD-1 mouse ear (2.5
pg/ear) for induction of psoriasis-like disease. Topical application
of TPA significantly induced ear edema in the control (TPA CON)
animals (p < 0.001) (Figure 4A). Topical treatment of the psoriatic
ear with the standard anti-inflammatory drug DEXA (0.2 mg/ear)
significantly reduced the ear edema from day 2 onward (p < 0.001)
(Figure 4A). Similarly, concurrent oral (100 and 200 mg/kg) and
topical (20 pl) treatment of the SBKT in the psoriatic animals
significantly reduced ear edema from day 2 onwards. In these test
parameters, no significant variation in the responses was observed
in the animals treated with 100 and 200 mg/kg-dose of SBKT. For
mice, 200 mg/kg is the calculated human equivalent dose (2000
mg/day), as per body weights and surface area conversions. The
percent inhibition (at D-10) in the ear edema of DEXA and SBKT
100 and 200 mg/kg treated mice was found to be 70.05 + 6.25%,
34.05 + 7.65%, and 30.45 + 8.90%, respectively, in comparison to
TPA CON mice (Figure 4B).

Effect of SBKT on Psoriatic Ear Biopsy
Weight and Epidermal Thickness

Increased ear biopsy weight was detected in the TPA CON CD-1
mice after 10 days’ treatment showing inflammatory effects (p <
0.001) (Figures 5A, B). Treatment of the psoriatic animals with
DEXA (0.2 mg/ear) significantly reduced the elevated ear biopsy
weight (p < 0.001) (Figure 5A). Oral (100 and 200 mg/kg) and
topical (20 pl) treatment of the SBKT also significantly reduced the
inflammation-induced biopsy weight (p < 0.001) compared to the
TPA CON animal (Figure 5A).

Similarly, histopathological evaluation of psoriatic ear
punch biopsy (TPA CON) showed a significant (p < 0.001)
increasein epidermal thickness (54.42 £ 12.20 um) as compared
to the normal control (NC) animals (8.26 + 1.07 um) (Figure
5B). Treatment of the TPA-induced psoriatic ear with the
topical application of DEXA significantly (p < 0.001) reduced
the epidermal layer thickness (15.53 + 4.10 um). Similarly,
concurrent oral (100 and 200 mg/kg) and topical (20 pl)
treatment of the SBKT also significantly (p < 0.001) reduced
the ear epidermal thickness (31.80 £ 6.90 um and 21.91 + 5.07
um, respectively), indicating the anti-inflammatory and anti-
psoriatic efficacies of SBKT (Figure 5B).

Effect of SBKT on Inflammatory

Lesion Scores

Histopathological analysis of the TPA-stimulated mice ear
showed asignificantincrease in inflammatory lesions score such
as epidermal hyperkeratosis and infiltration of inflammatory
cells in the dermal region (Figures 6A, C). No such changes
were observed in the tissue of the mouse ears treated with
vehicle control (Figure 6B). Treatment of the TPA-stimulated
ear with DEXA reduced the influx of inflammatory cells but
continued to show the signs of persisting hyperkeratosis lesions
and hyperplasticity in the epidermis (Figure 6D). Concurrent
oral (100 and 200 mg/kg) and topical (20 ul) application of
the SBKT on the psoriatic mice ear also reduced signs of
hyperkeratosis and hyperplasticity in the skin epidermis but
sustained the presence of inflammatory cells in the dermal
region (Figures 6E, F).

Individual scoring through histopathological analysis further
confirmed the efficacy of SBKT. Results suggested an elevation in
the lesion score of hyperkeratosis, epidermal hyperplasia, pustule
formation, and inflammatory cell infiltration in the epidermal
and dermal regions of the TPA CON animals (Figures 7A-D).
Treatment of the psoriatic ear with oral and topical (20 pl)
application of the SBKT exhibited a significant reduction in
the lesion scores [hyperkeratosis: SBKT 200 mg/kg (p < 0.05);
hyperplasia: SBKT 200 mg/kg (p < 0.001); pustule formation
and epidermal inflammation: SBKT 100 mg/kg (p < 0.01) and
SBKT 200 mg/kg (p < 0.001); inflammatory cells infiltration]
(Figures 7A-D). DEXA topical treatment also reduced the
observed individuallesion scores and infiltration of inflammatory
cells (Figures 7A-D), as expected. Total lesion score analysis and
% inhibition (activity) calculation showed a significant decrease
in the overall inflammation in the SBKT (p < 0.01 at 100 mg/
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FIGURE 4 | Effect of SBKT on TPA-induced ear edema in mice. (A) Co-treatment of the TPA-stimulated psoriatic ear (TPA CON) with SBKT (100 and 200 mg/kg; p.o.
and 20 pl T.A.) or with DEXA (0.2 mg/ear; T.A.) significantly reduced ear edema. (B) Represents percent ear edema inhibition (activity) calculated in comparison to TPA
CON animals at D10. This panel represents % inhibition (activity) of SBKT 100, SBKT 200, and DEXA individually. Statistical analysis was performed using two-way
ANOVA followed by Newman-Keuls multiple comparison test (n = 8 animals). *p < 0.001 (NC versus TPA CON); NS p > 0.05 (NC versus VC) *p < 0.05, **p < 0.01,
***p < 0.001 (TPA CON versus SBKT; TPA CON versus DEXA). NC, normal control; VC, vehicle control; TPA CON, 12-O-tetradecanoyl phorbol-13-acetate; DEXA,
dexamethasone; SBKT, sea buckthorn oil.

kg; p < 0.001 at 200 mg/kg) and DEXA (p < 0.001) treated TPA-
stimulated mice (Figures 7E, F).

DISCUSSION

Psoriasis a common skin systemic inflammatory disease leading
to the development of dermal changes such as itching, burning,
and soreness (Lowes et al., 2007; Wagner et al., 2010). During the
onset of disease, the affected keratinocytes and pro-inflammatory

immune cell cross-talk to release soluble pro-inflammatory
mediators such as IL-13, TNF-a, IL-6, and IL-8. So far, there is no
permanent cure for psoriasis, and the disease can undergo cyclic
evolution with periods of flaring for weeks or months, and then
becoming dormant for a significant amount of time.

SBKT has been used as a good source of nutrition for
centuries (see Krejcarovd et al., 2015, for the detailed review),
with defined medicinal uses like cardioprotective, antidiabetic,
hepatoprotective, and anti-carcinogenic activities. In the present
study, we investigated the SBKT extracted from the fruit pulp for its
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FIGURE 5 | Effect of SBKT on TPA-induced ear biopsy weight in mice.
Co-treatment of the psoriatic ear with SBKT (100 and 200 mg/kg; p.o.

and 20 pl T.A.) or with DEXA (0.2 mg/ear; T.A.) significantly reduced the

(A) ear biopsy weight and (B) ear epidermal thickness. Statistical analysis
was performed using one-way ANOVA method followed by Dunnett’s
multiple comparison t test (n = 8 animals). #p < 0.001 (NC versus TPA
CON); NS p>0.05 (NC versus VC); ***p < 0.001 (TPA CON versus SBKT;
TPA CON versus DEXA). NC, normal control; VC, vehicle control; TPA CON,
12-O-tetradecanoy! phorbol-13-acetate; DEXA, dexamethasone; SBKT, sea
buckthorn oil.

anti-inflammatoryandanti-psoriaticroles. Initial chemical analysis
of the fatty acid content of the SBKT using GC-FID revealed the
presence of high quantities of saturated, monounsaturated, and
polyunsaturated fatty acids along with smaller factions of several
other fatty acids. Presence of most of these fatty acids in the SBKT
has been reported earlier by Zielinska and Nowak and correlates
well with our findings (Zielinska and Nowak, 2017). Fatty acids
such as palmitic acid, oleic acid, palmitoleic acid, stearic acid, and
the linoleic acid identified in the SBKT act as major constituents
of the human epidermis (Kim et al., 2010). Palmitoleic acid also
promotes wound healing and diminishes inflammation through

modulation of pro-inflammatory cytokines (Bal et al, 2011;
Kumar et al., 2011; Shi et al., 2017; Souza et al., 2017). Omega-3
(a-linolenic acid) and omega-6 (linoleic acids) fatty acids present
in the SBKT have been identified as essential components of the
body and help in the translocation of the fat-soluble vitamins (A,
D, E, and K) and wound healing (Lee et al., 2006; Cupara et al.,
2011; Ito et al., 2014; Calder, 2017). Omega-3 (a-linolenic acid),
omega-6 (linoleic acid), and omega-9 (oleic acid) fatty acids also
help in forming a protective barrier against trans-epidermal water
loss (Zielinska and Nowak, 2017). Therefore, the presence of
these saturated, monounsaturated, and polyunsaturated fatty acid
components in the SBKT along with other bioactive compounds
helps in forming a protective barrier for the skin and helps in the
skin wound healing and repair.

Inflammation plays a major role in the development of
psoriasis. Initiation of psoriasis is associated with the infiltration
of the pro-inflammatory cells such as, monocytes, neutrophils,
and T cells (Ogawa et al., 2018). These cells boost the development
of inflammation and oxidative stress through the release of pro-
inflammatory cytokines and reactive oxygen and nitrogen species.
Our initial in vitro screening for the anti-inflammatory behavior
of SBKT was done using LPS-stimulated THP-1 cells. Treatment
of the THP-1 cells with SBKT showed that it is capable of inducing
cytotoxicity at a dose of 25 pl/ml. Applying a non-cytotoxic
dose, SBKT was found capable of ameliorating LPS-induced
inflammation in the THP-1 cells through the reduction of pro-
inflammatory RNS levels and NF-kB protein expression. Both
the RNS and NF-kB have been reported as critical components
involved in the induction of psoriasis (Bruch-Gerharz et al., 1998;
Goldminzetal., 2013; Moorchung et al., 2014). Hence, modulation
of both these markers of inflammation by SBKT indicated its
anti-inflammatory capabilities. Analysis of the NF-kB protein
downstream expression of the pro-inflammatory cytokines IL-14,
IL-6, and TNF-a showed a modulation via SBKT treatment in
the stimulated THP-1 cells. This finding holds importance since
the onset of psoriasis disease involves the increased expression of
NF-kB and release of the pro-inflammatory mediators and RNS
(Kupper and Fuhlbrigge, 2004).

An anti-inflammatory activity study of the SBKT was performed
using the A-Carrageenan-stimulated Wistar rat inflammation
model and the TPA-stimulated CD-1 mice psoriasis-like model.
The TPA-stimulated CD-1 mice psoriasis-like model is well-
established for studying the disease-modulating efficacy of test
compounds (Madsen et al., 2016; Ma et al, 2018; Yang et al,,
2018). Treatment of the Carrageenan-stimulated Wistar rats with
a human equivalent dose of SBKT showed a significant decrease
in the drug-induced paw volume increase and edema in the rats.
Similarly, SBKT treatment at a human equivalent dose in the TPA-
stimulated CD-1 mice revealed a modulation of the psoriasis-like
inflammation and associated lesions in the mice ear. Reduction
in the inflammatory lesions can be well correlated with the anti-
inflammatory activity of the SBKT observed in the LPS-stimulated
THP-1 cells, showing downregulation of inflammatory mediators.

Earlier studies have also shown the SBKT to possess anti-
inflammatory properties through the modulation of pro-
inflammatory cytokines, cyclooxygenase-2, inducible nitric
oxide synthase, and inflammasome-associated IKK-f/NF-«xB
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(Ep). The scale represents 100 um (n = 8 animals).

FIGURE 6 | Histopathological analysis of SBKT treatment on TPA-induced ear psoriasis in mice. Histopathological analysis of mice ear tissue was performed
following fixation and hematoxylin and eosin staining. Low-magnification images were obtained at 100x, and the higher-magnification image was obtained at 400x.
(A) Normal control: represents normal epidermis (Ep), dermis (De), sebaceous gland (Sg), cartilage (CT). (B) Vehicle control (acetone) treated ear: represents normal
epidermis (Ep), dermis (De), sebaceous gland (Sg), cartilage (CT). (C) TPA-CON: represents hyperkeratosis (Hk) and hyperplastic epidermis (Ep), presence of
inflammatory cells (In) in the dermis region. (D) TPA and DEXA (0.2 mg/ear) treated ear: reduced hyperplastic epidermis (Ep), absence of inflammatory cells in the
dermis region. (E) TPA and SBKT (100 mg/kg; p.o. and 20 ul; T.A.) treated ear: reduced hyperkeratosis (Hk) and hyperplastic epidermis (Ep), reduced presence of
inflammatory cells (In) in the dermis region. (F) TPA and SBKT (200 mg/kg; p.o. and 20 pl; T.A.) treated ear: reduced hyperkeratosis (Hk) and hyperplastic epidermis

pathways (Jayashankar et al., 2012; Jayashankar et al, 2014;
Suchal et al., 2016; Shi et al., 2017; Tanwar et al., 2018). The
anti-inflammatory property of the SBKT can be related to the
presence of fatty acids, such as polyunsaturated and omega-3
fatty acid components. These fatty acids have been reported
to inhibit LPS-stimulated inflammation in inflammatory cells
through modulation of Toll-like receptor 4, NF-kB, Nod-like
receptor protein 3, cyclooxygenase-2, JAK, and P38 pathways
and associated release of pro-inflammatory cytokines (Lee et al.,
2003; Martinez-Micaelo et al., 2016; Hou et al., 2017). Hence,
in our study, the presence of these fatty acids can be correlated

with modulation of the NF-«xB and pro-inflammatory cytokine
inhibition observed in the stimulated THP-1 cells when treated
with SBKT and inhibition of inflammation in the in vivo studies.
Blocking of the TNF-a, the NF-kB pathways have been a focus
of the anti-psoriasis treatments as it leads to the reduction in the
inflammasome activation and downregulation of the cytokine
such as IL-1p (Goldminz et al., 2013; Moorchung et al., 2014).
Traditionally, the SBKT plant has been called as the “wonder
plant” for its therapeutic applications in several diseases. While our
study demonstrated loss of cell viability in the THP-1 cells under
in vitro conditions at higher doses. Similarly, using in vivo models,
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FIGURE 7 | Effect of SBKT on TPA-induced inflammatory lesions in mice ear. Mice co-treated with TPA and DEXA or SBKT showed a reduction in histopathological
lesions viz. (A) Hyperkeratosis of the epidermis. The data clearly demonstrated the considerable decrease in hyperkeratosis score by SBKT at 100 and 200 mg/kg

(p < 0.001) in comparison to TPA CON. (B) Hyperplasia of the epidermis. Results showed a decrease in hyperplasia score by SBKT at 100 and 200 mg/kg (p < 0.001).

(C) Pustule formation at the epidermis. Only SBKT at 200 mg/kg (p < 0.001) was found to reduce pustule formation in comparison to TPA CON. (D) Inflammation of the
dermis. A significant decrease in dermal inflammation score was observed following treatment with SBKT at 100 (p < 0.01) and 200 mg/kg (p < 0.001). (E) Results showed
a significant decrease in total lesion score at 100 (p < 0.01) and 200 mg/kg (p < 0.001). Represents percentage inhibition of total lesion score. % Inhibition data have not
been statistically compared between SBKT 100 and SBKT 200 with DEXA. This panel represents % inhibition (activity) of SBKT 100, SBKT 200, and DEXA individually.

(F) Percentage inhibition of total lesion score. High activity in inhibiting inflammatory lesions was observed in the SBKT at 200 mg/kg followed by 100 mg/kg in comparison to
TPA CON. Statistical analysis was performed using one-way ANOVA followed by Dunnett’s multiple comparisons t test (n = 8 animals). fp < 0.001 (NC versus TPA CON),
NS p > 0.05 (NC versus VC), *p < 0.01, **p < 0.001 (TPA CON versus SBKT; TPA CON versus DEXA). NC, normal control; VC, vehicle control; TPA CON, TPA control;
SBKT, sea buckthorn oil; DEXA, dexamethasone.
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no toxicity has been reported for this plants part extracts and
oils. Acute and sub-chronic toxicity studies performed in Wistar
rats have shown no signs of toxicity and reported a no-observed-
adverse-effect level of 10 ml/kg body weight (Zhao et al,, 2017).
Furthermore, no mutagenicity was observed from the SBKT
exposure in histidine-dependent Salmonella typhimurium stain
(Wen et al, 2018), suggesting no induction of genotoxicity by
SBKT. Exposure to SBKT also did not induce any changes in sperm
morphology and micronucleus formation rate in polychromatic
erythrocytes obtained from mice orally treated with the oil (Wen
et al,, 2018). In the present study, we have not seen any change in
the animal weights, food, or water consumption (data not shown).
In a recently published article, clinical application of the SBKT
extract in 10 psoriatic patients showed a significant reduction in
their Psoriasis Area Severity Index scores and in Dermatology Life
Quality Index scores within 4-8 weeks’ treatment, compared to
placebo-treated patients who showed worsening signs in 4 weeks’
trial period (Boca et al,, 2019). In another study, obese children aged
10-18 years treated with SBKT (800 mg/day) for 60 days were found
with reduced levels of total cholesterol, triglyceride, leptin, fasting C
peptide, oxidative stress, and carotid artery intima—media thickness,
at the end of the treatment period (Virgolici et al., 2013). These
clinical outcomes bode very well with the results reported here,
suggesting an overall efficacy of SBKT in the treatment of psoriasis
and general inflammations.

Besides having high nutritional and therapeutic values, SBKT
can have other applications such as the development of lipid-
based nano-drug-delivery vehicle as well as its incorporation
into capsules, gelatine, and oral liquids as an emulsifier (Yang and
Kallio, 2002). In our present study, it was observed that there is
very little that SBKT, the wonder plant, cannot be used for. The
present study adds a pharmacological body of evidence to its
tradition-rich nutritional usage—natural nutraceutical—indeed.

CONCLUSION

Finally, our study provided scientific evidence to the traditional
wisdom that the SBKT obtained from the pulp of the seabuck thorn
berries can be used as a therapeutic agent in subduing systemic
inflammations and psoriasis-like lesions. Presence of high levels
of saturated, monounsaturated, and polyunsaturated fatty acids
along with other biomolecules in the oil significantly increases its
values as a nutraceutical. In addition, the presence of high levels
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Abstract: Green synthesis of silver nanoparticles (AgNPs) using Shivlingi (Bryonia laciniosa) seed extract was carried out.
Characterisation of synthesised nanoparticles was accomplished through the optical absorption and photoluminescence
spectrum, X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR) and Raman spectroscopy. The XRD analysis further confirmed the size of nanoparticles
~15nm. TEM images revealed homogeneous spherical ~10 nm Bryonia extract capped AgNPs. The biological studies
indicated that both Bryonia seed extract and the nanoparticles lack anti-microbial activity; however, the nanoparticles had better
cytotoxicity and total antioxidant activity. The Lethal concentration (LC)s5o value of water extract and the nanoparticles were
found to be 1091 and 592 pg/ml, respectively. The lower LCgq of nanoparticles indicates that it is more cytotoxic than the crude
extract. The results indicate that the Bryonia seed is safe to be used as a medicine and the formation of their nanoparticle has
further enriched the chemical reactivity, energy absorption and biological mobility.

1 Introduction

Shivlingi known as Bryonia laciniosa Linn. (Cucurbitaceae) is
categorised as Vrishyarasayana (for maintaining fertility and
sexual performance) in Ayurveda. The seeds of B. laciniosa are
important constituent of Ayurvedic formulation
‘Strirativallabhpugpak® described in the ancient text to improve
sexual behaviour and are traditionally being used as an aphrodisiac
and reproductive tonic [1] and also possesses anti-inflammatory,
anti-diabetic, anti-microbial, analgesic and anti-pyretic activities
[2-5].

Green synthesis of nanoparticles is in vogue these days and the
micro-organisms and plants are replacing expensive, energy
consuming and potentially toxic chemical/physical methods for the
production of nanoparticles. Plant synthesised green silver
nanoparticles (AgNPs) are widely accepted as they are cost
effective, bio-compatible and eco-friendly. The plant extracts
contain various bio-molecules, which are relentlessly busy in the
redox reactions. These reactions act as bio-reductants for metal
ions or provide a platform to direct the formation of metallic
nanoparticles in the solution after which the colour of solution
changes. This is attributed to the surface plasmon resonance (SPR)
phenomenon [6]. Owing to their distinctive properties,
nanoparticles have a significant role in the field of medicine,
biology, material science, physics and chemistry [7]. During last
decade a number of research papers have been published on green
AgNPs synthesised using various plants such as Azadirachta indica
[8], Cymbopogon flexuosus [9], Aloe vera [10], Camellia sinensis
[11], Jatropha curcas [12], Acalypha indica [13] as well as various
other plant extracts [14].

B. laciniosa seeds have important medicinal properties as an
Ayurvedic medicine but till date they have not been characterised
in detail. Thus, in the present paper, we have synthesised the
AgNPs using B. laciniosa seed extract and characterised them
using optical absorption, photoluminescence, X-ray diffraction
(XRD), scanning electron microscopy (SEM), transmission
electron microscopy (TEM), Fourier transform infrared
spectroscopy (FTIR) and Raman spectroscopy. The biological
activity was also accessed to compare its anti-microbial as well as
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cytotoxic potential in both aqueous extract as well as in the
synthesised nanoparticles.

2 Material and methods
2.1 Material

The seeds of B. laciniosa were gifted by Divya Pharmacy,
Haridwar, India and stored in ambient conditions for further study.
The other solvents and chemicals were purchased from Sigma-
Aldrich and S.D. Fine Chemicals, India.

2.2 Methods

2.2.1 Preparation of extract: About 10 g of seeds were milled
into a fine powder and boiled for 2 h in 100 ml of deionised water.
The extract was filtered and refrigerated (4°C) for further
experiments. In each and every step of the experiment, sterility
conditions were maintained for the accuracy of the results.

2.2.2 Synthesis of AGNPs: In a typical reaction procedure, 5 ml

of seed extract was added to 20 ml of 1072 M aqueous Ag nitrate
(AgNO3) solution, the mixture was heated at 80°C for 1h.

Complete reduction of AgNO3 to Ag™ ions resulted in the colour
change from yellowish to colloidal brown. The precipitate was
collected by filtration, washed with deionised water several times
and finally air dried at 60°C for 6 h.

2.2.3 Characterisation of nanoparticles: The prepared AgNPs
were analysed and characterised using optical absorption
(Shimadzu UVPC-1601 spectrophotometer, Japan),
photoluminescence spectrum (PerkinElmer LS-55 Iuminance
spectrophotometer, USA), crystalline metallic Ag was examined by
XRD (Bruker D8 diffractometer, USA), scanning electron
microscopy (SEM) (MIRA 3, TESCAN), TEM (TEM-
TECHANI-20-G2), FTIR (Agilent Technologies Cary 630) and
Raman spectroscopy (Deitanu Rock Hound Nuspec 2.0, USA).
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Fig. 1 Colour change after the formation of AgNPs
(a) B. laciniosa seed extract (b) After the formation of AgNPs
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Fig. 2 Optical absorption and photoluminescence spectrum

(a) Optical absorption spectrum (b) Photoluminescence spectrum of AgNPs prepared
using the aqueous seed extract of B. laciniosa

Fig. 3 SEM image of AgNP clusters synthesised using B. laciniosa

2.2.4 Anti-microbial activity: Test micro-organisms: The micro-
organism used for the test were Escherichia coli (MCC226),
Pseudomonas aeruginosa (MCC2035), Staphylococcus aureus
(MCC2408), Bacillus cereus (MCC2128), Aspergillus niger
(MCC1074) and Candida albicans (MCC1151) procured from
NCL (Pune, India).

Experimentation: Nutrient agar plates were prepared and
swabbed with bacterial strains by using sterilised cotton swabs.
Sample loaded discs were placed on the bacterial strain containing
nutrient agar plates. The plates were allowed for diffusion for 30
min and incubated for 24 h. Both positive control (PC)
(tetracycline 100 mg/ml) and negative control (distiled water) were
placed along with the sample loaded disc. After 24 h, inhibition
zones were measured around the sample discs.

2.2.5 Total antioxidant activity: The total antioxidant capacity of
the plant extract/fraction was evaluated as described [15]. The
diluted sample solution was mixed with 3.0 ml of the reagent
solution (600 mM sulphuric acid, 28 mM sodium phosphate and 4

mM ammonium molybdate). The reaction mixture was incubated at
95°C for 60 min and the absorbance was measured at 695 nm
against a reagent blank.

2.2.6 Brine shrimp lethality assay: Brine shrimp (BS) eggs were
obtained from the Lucky Extra™ Artemia Cysts. The brine

solution was prepared (3.8% sea salt solution) for hatching the
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shrimp eggs. The brine solution was put in a small plastic container
with a partition for dark (covered) and light areas. The shrimp eggs
were added to the dark side of the chamber. After 2 days, when the
shrimp larvae (nauplii) were ready, brine and 15 BSs were
introduced into each vial. The volume was adjusted to 5 ml with
the brine and the vials were left uncovered under the lamp. The
number of surviving shrimps was counted and recorded after 24 h
[16].

The percentage mortality (%M)=number of dead nauplii/total
number of nauplii x 100.

3 Result and discussion
3.1 Characterisation of AGNPs

The possible reason for bio-reduction of Ag' into metallic Ag
might be its reaction with different bio-molecules present in the
plant extract (e.g. reducing sugars, proteins, terpenoids, phenolic
compounds etc.) [17]. The colour of the reaction mixture changed
from yellowish to colloidal brown due to excitation of SPR
vibration of AgNPs [6] (Fig. 1).

3.2 Optical absorption and photoluminescence spectrum

The optical absorption and photoluminescence spectrum of Ag
nano-crystals were observed using the aqueous seed extract of B.
laciniosa (Fig. 2). Curve (a) shows intense absorption peak of Ag
nano-crystals at ~420 nm with signs of surface plasmon states ~
460 nm. The peak positions of AgNPs in curve (b) exhibited a size
dependent red shift but the surface state emission at wavelength
~580 nm. The excitation wavelength for a AgNP with seed extract
at 380 nm. The red shift indicates that the thin film of AgNPs
consists of nano-crystals with an average radius smaller than the
Bohr excitation radius. It means that the sample has a relatively
narrow size distribution of ~15+ 5 nm [18].

3.3 Scanning electron microscopy analysis

Each of the colloidal solution containing AgNPs was centrifuged at
4000 rpm for 15 min, and the pellet was discarded and the
supernatants were again centrifuged at 25,000 rpm for 30 min. This
time, the supernatants were discarded and the final pellets were
dissolved in 0.1 ml of deionised water. The pellet was mixed
properly and carefully placed on a glass cover slip followed by air
drying. The cover slip itself was used in Scanning electron
microscopy analysis. The details regarding applied voltage,
magnification used and size of the contents of the images were
implanted on the images itself. The self-organised AgNP thin film
gave rise to another interesting feature with smooth surface cluster
(Fig. 3). The average smallest cluster size was measured as ~400
nm, which is in good agreement with XRD and optical absorption
spectroscopy results.

3.4 X-ray diffraction analysis

X-ray diffraction analysis of the prepared sample of AgNPs was
done using a Bruker D8 diffractometer, Cu-Ka X-rays of
wavelength 1= 1.54056 A and data was taken for the 26 range of
35-70° with a step of 0.02°. The X ray diffraction patterns of
synthesised AgNPs revealed a crystalline, face-centred cubic
geometry (Fig. 4). The diffraction peaks obtained at 20=38.04°
(111), 46.14° (200) and 63.13° (220) are identical with those
reported for standard Ag metal (JCPDS, USA). Similarly, the
diffraction pattern of AgNPs revealed the existence of peaks (111),
(200) and (220) matched with the standard JCPDS data file #
04784 [19]. The synthesised AgNP had a normal size distribution
of ~15 £ 5 nm using Scherrer equation.

3.5 Transmission electron microscopy

A typical dark and bright field image of nano-crystals have been
shown in Figs. 5a and b. The average particle size of the nano-
crystals was estimated as ~10+2 nm, which is in good agreement
with the XRD analysis results. The size distribution histogram of
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Fig. 5 TEM image of AgNPs synthesised using B. laciniosa
(a) Dark field TEM image, (b) Bright field TEM image, (c¢) Particle size distribution
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Fig. 6 Fourier transformation infrared spectra
(a) AgNPs derivatised B. laciniosa seed extract, (b) B. laciniosa seed extract
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Fig. 7 Raman Spectra of AgNPs synthesised by treating B. laciniosa seed
extract with aqueous 1072 M AgNO3 solution

nano-crystals has been shown in Fig. 5¢. The TEM image revealed
the homogeneous spherical shape of Bryonia extract (BE) capped
AgNPs. It could be possible because of the capping agent that these
AgNPs are showing spherical and clustered shape geometry [20].

3.6 Fourier transform infrared spectroscopy

The FTIR measurement was studied to identify the possible bio-
molecules responsible as capping and reducing agent for the
AgNPs synthesised by the extract (Fig. 6). The intense broad bands
at 3324 and 2929 cm™! are probably due to the O-H and C-H
stretching modes, respectively. The AgNP derivatised extract did
not show any band at 1080 cm™!, whereas the original extract
showed the prominent band at the same frequency indicating that
the AgNPs have stabilised through the C—O bond. Similarly, the
absence of a peak at 1408 cm™! (C=C group) in the AgNP
derivatised extract is probably due to the reduction of AgNO; to
Ag[21].

3.7 Raman spectroscopic analysis

As an important technique Raman spectroscopy (Deitanu Rock
Hound Nuspec 2.0) can be used to study chemical identification,
characterisation of molecular structures, effects of bonding,
environment and stress of the compounds. In Raman spectrum of
the AgNP derivatised with Bryonia seeds, four intense peaks
centred at 2+7, 332, 582 and 788 cm™! are evident (Fig. 7).
Annealing at a high temperature induces dissolution of oxygen in
the Ag. The peak at 560 cm™! can be assigned to dissolve atomic
oxygen in AgNPs. The bands at 582 and 788 cm ™! can be ascribed
to the v(Ag—O) vibrations for sub-surface species and v(O-O)
mode for adsorbed molecular oxygen.

Although, sub-surface species might promote adsorption of
molecular oxygen, it could also be a probable consequence of
surface restructuring in AgNPs [19, 20, 22].

3.8 Anti-microbial activity

Water extract and AgNPs of B. laciniosa seeds were analysed for
anti-microbial activity using different bacterial and fungal strains.
However, no clear zone of inhibition was observed in either case.
This suggests that B. laciniosa seed extract lacks anti-microbial
activity (Tables la and b). Similar results were obtained for seeds
when researchers compared the anti-microbial activity of various
parts of B. laciniosa [23]. The results obtained were in good
agreement with Minimum Inhibitory Concentration (MIC)/
Minimum Bactericidal Concentration (MBC) tests, where the clear
zone of inhibition was observed for AgNPs up to 10 nm size but
not for larger nanoparticles [24]. Moreover, the release of Ag from
large nanoparticles is stated to be lower in the solid culture media
[25].

3.9 Total antioxidant activity

The total antioxidant activity of B. laciniosa seed extract was
increased from 2.087 +1.02 to 3.33 £0.22 mg by the formation of
AgNPs. The increased antioxidant activity of nanoparticles as
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Table 1a Anti-microbial activity of B. laciniosa seed extract.

Micro-organism

Concentration (mg/ml)

10 30 60 100
BE (mm) PC (mm) BE (mm) PC (mm) BE (mm) PC (mm) BE (mm) PC (mm)
E. coli nil 31.9 nil 229 nil 26.0 nil 21.4
P. aeruginosa nil 43.6 nil 45.6 nil 20.8 nil 37.4
S. aureus nil 39.8 nil 38.2 nil 42.0 nil 35.2
B. cereus nil 42.8 nil 40.7 nil 32.0 nil 41.8
A. niger nil 42.5 nil 39.3 nil 32.6 nil 401
C. albicans nil 16.6 nil 12.0 nil 9.2 nil 11.0
Table 1b__Anti microbial activity of nanoparticles prepared using B. laciniosa seed extract.
Micro-organism Concentration (mg/ml)
10 30 60 100
NP (mm) PC (mm) NP (mm) PC (mm) NP (mm) PC (mm) NP (mm) PC (mm)
E. coli nil 39.5 nil 35.0 nil 37.0 nil 38.5
P. aeruginosa nil 42.3 nil 37.5 nil 40.0 nil 25.3
S. aureus nil 46.4 nil 429 nil 36.3 nil 38.0
B. cereus nil 41.3 nil 41.0 nil 40.4 nil 35.6
A. niger nil 36.6 nil 44 .4 nil 51.3 nil 46.7
C. albicans nil 9.5 nil 11.5 nil 8.9 nil 8.9

BE = Bryonia extract; PC = positive control (tetracycline 100 mg/ml); NP = nanoparticle.

compared with the crude extract has been observed in a number of
studies [26, 27]. AgNPs might act as electron donors, which
transforms free radicals to the more stable product. Also, the
reducing power of Ag nanoparticles is associated with the radical
scavenging activity [28].

3.10 BS lethality assay

To study the pharmacological properties of B. laciniosa seed
extract, BS lethality bioassay was performed which is based on the
ability to kill laboratory cultured BS. In the present paper, different
concentrations of B. laciniosa seed extract, as well as the
synthesised nanoparticles, were used to access their cytotoxicity
using BS lethality assay. The LCs( values of water extract (1091
pg/ml) and the nanoparticles (592 pg/ml) were calculated using
Probit analysis. The lower LCsq of nanoparticles indicates that it is
more cytotoxic than the crude extract. The criteria of toxicity
followed was LCso values >1000 pg/ml (non-toxic), >500<1000
pg/ml (weak toxicity) and <500 pg/ml (toxic) [29, 30]. A
significant lethality in BS assay is an indicator of effective
cytotoxic constituents in the extract [31]. However, to explore the
mechanism of cytotoxicity, various bio-active constituents have to
be identified.

4 Conclusion

We have synthesised the AgNPs using the aqueous seed extract of
B. laciniosa and characterised them using various techniques. All
the analyses (optical absorption and photoluminescence spectrum,
SEM, XRD, TEM, FTIR and Raman) confirmed the formation of
AgNPs. The optical absorption showed an intense peak of Ag
nano-crystals at 420 nm with signs of surface plasmon states near
460 nm. The self-organised AgNP thin film has indicated the
smooth surface cluster having an average smallest cluster size of
400 nm. The XRD analysis further confirmed the size to be ~15+
5 nm. TEM images revealed homogeneous ball shaped ~10+2 nm
BE capped AgNPs. The Raman spectroscopy indicated that the
bands at 582 and 788 cm™! are due to the stretching of v(Ag—O)
vibrations for sub-surface species and stretching v(O—O) mode for
adsorbed molecular oxygen, which endorses the formation of
AgNPs. The biological studies indicated that both Bryonia seed
extract and the nanoparticles lack anti-microbial activity; however,
the nanoparticles had better cytotoxicity and total antioxidant
activity. The LCs, value of water extract and the nanoparticles

were found to be 1091 and 592 pg/ml, respectively. The lower
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LCsq of nanoparticles indicates that it is more cytotoxic than the
crude extract. This will be advantageous if it is ingested as a drug,
because it may not harm microbial flora of the gut. In addition, the
better total antioxidant activity and cytotoxicity of the
nanoparticles to seed extract suggest an important role of
nanoparticles in anticancer drug development.
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