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ABSTRACT:

Type Il Diabetes Mellitus (DM) is one of the diseases in metabolic triad syndrome categorized
in Lifestyle Disorders. Patients suffering from Type Il Diabetes Mellitus often manifest
themselves with fungal infection of skin, which is a recurrent infection requiring extensive
treatment and hence, requires newer drug discoveries to curb the same. In the same line, Charak
Samhita explains, causes of diseases due to metabolic derangement which includes Type 1| DM
and advocates predominant use of herbs possessing bitter taste. With this background, the herb
Mandukparni (Centella asiatica (L.) Urban) growing in marshy habitat and is known to harbor
endophytic fungus on itself through symbiosis leads to production of secondary metabolites by
establishing biochemical communication; Primarily known for its cognitive effect, but this herbal
drug remains unexplored in its action as an antifungal agent in patients of fungal infection in Type
Il Diabetes Mellitus. To understand this concept, the exact mechanism of perception of
Mandukparni, its bitter taste on skin requires a detailed enquiry. Moreover, the action of Centella
via Phytosomes technology in curbing the fungal infection could be possible way for new drug
discovery to treat such patients. This review is a comprehensive learning of probable mode of
action of Mandukparni (Centella asiatica (L.)Urban) growing the endophytic fungus leading to
generation of secondary metabolites as antifungal agents and its application via phytosome
technology in exploring as a new drug discovery in treatment of Fungal infection in Type 1| DM.

Introduction

Out of these medical conditions, as per the data published
in 2023 by Indian Council of Medical Research — India

Lifestyle Disorders are noncommunicable diseases
which include ailments caused due to unhealthy lifestyle
leading to major diseases of metabolic syndrome causing
medical conditions like Obesity, Hypertension,
Hypercholesterolemia / deranged cholesterol levels and
Type Il Diabetes Mellitus [1]. Primarily unhealthy
sedentary lifestyle contributes to such ailments which not
only add to morbidity but also early mortality as well.
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Diabetes (ICMR INDIAB), the prevalence of diabetes is
10.1 crores [2]. Diabetes is characterized by major macro
and micro vascular changes leading to nephropathy,
retinopathy, neuropathy [3]. But apart from these long-
term complications, patients suffering from diabetes type
Il typically present in out-patient department as patients
of recurrent fungal infection. The burden of cutaneous
fungal infection is vast among the Type Il Diabetic


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(5), 867-874 | ISSN:2251-6727

patient [4]. Ayurveda mentions these diseases due to
sedentary lifestyle, the causes of which are attributed to
excessive intake of diet predominantly which is oily,
excessive intake of sweet taste ,diet not easy to digest.
Moreover, as regards sedentary lifestyle Ayurveda
mentions the person who has aversion for physical
activity and the person who sleeps during the day time
also who spend maximum time sitting), such patients
leads to lifestyle disorders [5]. Acharya Charak discusses
these diseases in depth which includes Type |1 DM) with
associated dermatological conditions and Obesity etc.
[6]. Itis pertinent to note that, cutaneous manifestation is
commonly mentioned in Ayurveda under lifestyle
disorders and hence, it is important to explore varied
treatment options for the same. Type Il DM characterized
by polyuria, [7] it is mandatory that this excessive
moistness in the body called as kleda in Ayurveda to be
treated with herbal drug with dry attributes. Among the
six taste mentioned in Ayurveda, bitter taste
predominately is used as a part of treatment protocol in
Type Il Diabetes which has action of drying up excess
moistness within the body [8]. On this background, in
view of novel drug discovery which has to be bitter
tasting and will work on dermatological conditions
especially on cutaneous fungal manifestation in Type Il
Diabetes, Mandukparni (Centella asiatica (L.) Urban)
has been comprehensively studied. Growing in marshy
habitat and known to harbor endophytic fungus on itself
without causing symptoms of disease in host plant of
Centella, consequently leading to production of
secondary metabolites; Primarily known for its cognitive
effect, but this herbal drug remains unexplored in its
action as an antifungal agent in patients of fungal
infection in Type Il Diabetes Mellitus. Hence, this
research article discusses the exact mechanism of
perception of Centella, its bitter taste on skin through G-
Protein coupled receptors (GPCR) in Type Il DM.
Moreover, it also further discusses proposed mode of
action of the drug and the novelty of drug usage in
treatment protocols via centella phytosomes in treatment
of Cutaneous Fungal infection in Type Il DM.

Methodology

In this review article, Ayurvedic contemporary texts and
websites have been documented precisely which
includes literature review of lifestyle disorders due to
over nourishment, bitter taste — in Ayurveda and in
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Modern light of Extraoral taste receptors, Concept of G
Protein coupled receptors (GPCR) on Type Il DM and
perception of Bitter taste through GPCR, the review of
herb Centella, its attributes of pharmacodynamics,
literature on endophytic fungus growing on Centella, and
role of this herb as centella phytosomes as proposed
treatment protocol of fungal infection in Type Il DM has
been enumerated in detail.

Concept of Lifestyle Disorders — Type Il DM in
Ayurveda

In Ayurveda, the causative factors for manifestation of
Type Il Diabtes Mellitus due to sedentary lifestyle which
forms the background for Obesity is well documented.
While discussing the treatment protocols of
dermatological manifestations in Lifestyle Disorders, it
has been recommended that local application of
powdered formulation of medicinal herbs like Musta
(Cyperus rotundus), Aragvadha (Cassia fistula Linn.),
Patla (Stereospermum suaveolens), Triphala (Amalaki-
Phyllanthus emblica L., Bibhitaki — Terminalia
bellirica(Gaertn.) Roxb., Haritaki (Terminalia chebula
Retz.), Neem (Azadirachta indica A. Juss.,), Haridra
(Curcuma longa L.), Daruharidra (Berberis aristata
DC), Kutaja (Holarrhena antidysenterica Linn.) etc. are
advised as therapeutic powder massage, for bathing
purpose which aids in curing the excessive moistness
underneath the skin [9]. It is noteworthy that the drugs
used in the treatment of skin manifestation in Type Il DM
are primarily bitter in tastes which possess attributes that
causes dryness on application on skin.

Concept of Bitter Taste in Ayurveda and in Modern
light of Extraoral Receptors

Concept of Taste is unique concept proposed by
Ayurveda. Rasa is defined as direct and immediate action
of a drug when it comes in contact with the taste
receptors. There are total 6 tastes mentioned in Ayurveda
viz., sweet, sour, salt, pungent, bitter and astringent [10].
Out of these excessive intake of sweet taste has been
documented to cause over nourishment leading to
obesity and manifestation of Type 11 DM and associated
other diseases / symptoms due to aggravated Kapha
dosha — (body humor as per Ayurveda) [11]. The
treatment of skin manifestation due to aggravation of
Kapha and Pitta (body humors mentioned in Ayurveda)
underneath the skin it has been proposed as usage of
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herbal medicines of predominantly bitter taste [12].
Further, while documenting the characteristic features of
bitter taste it has been mentioned that it is therapeutic
neutralization from any poison and therapeutic procedure
of disinfection and disinfestation and causes drying of
watery waste [13].

In view of modern light, it has been recently understood
that the taste receptors are not bounded or confined to
only oral cavity, but uniformly distributed in the entire
body. It is suggested that these extra oral taste receptors
are a part of large diffuse chemosensory system (DCS),
which play a major role in maintaining the physiological
states of the human body [14]. DCS is an anatomical
structure made up of chemosensory cells either solitary
or in the form of clusters. In precise, these DCS cells may
express molecules of the chemo-receptorial cascade
which are G-protein gustducin, which is known to play a
major role in the expression and physiological actions of
bitter taste in the body [15].

Concept of Concept of G Protein coupled receptors
(GPCR) on Type Il DM, Skin and Bitter Taste

G-Protein Coupled Receptors (G-PCRs) are group of
protein receptors on the bi-lipid cell membrane. These
receptors are responsible for functions of metabolism,
immune response and brain function. G-PCRs make its
use by attaching to naturally occurring substances called
as ligands which are present outside the cell. A ligand is
a substance that forms a complex with a biomolecule to
serve a biological purpose [16]. The binding of ligands
with their respective receptor typically results in a
change of conformation of the target protein. After
binding of ligands with GPCRs, there is change in shape
of the receptors leading to transmission of signaling
within the cell. These same receptors, GPCRs in the gut—
brain—pancreatic axis are important receptors in the
postprandial control of metabolism. Hence, GPCRs are
new therapeutic targets for treatment of Type |1 DM [17].

GPCRs are largest family of plasma membrane protein
which exerts its action also on skin. Previous researches
pertaining to the action of GPCRs on skin suggests that
these ligands regulate melanocyte homeostasis,
including pigmentation [18]. Also, dysregulation of
GPCR signaling in the cell is attributes to various skin
lesions occurring in numerous skin inflammatory
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diseases [19]. There is limited research on the role of
GPCR in cutaneous fungal infection.

The TAS2R proteins function as bitter taste receptors
[20]. There are extensive studies on perception of bitter
taste on its effects on human body especially on
metabolic deranged diseases like Type Il DM [21]. The
perception of Rasa via sensory organ of skin is the
concept proposed by Ayurveda and hence, this avenue of
research forms a key player to comprehend the role of
GPCRs as target receptors of therapeutic interest which
govern the Type Il DM, skin inflammatory response and
also acts as receptors for Bitter taste ligands on to the
skin.

Role of Bitter Taste Phytochemicals on Skin

Bitter phytochemicals are produced by plants and the
same are used as dietary and therapeutic potentials in
humans. It is interesting to understand that as humans
have aversion for this taste, but plants produce bitter
phytochemicals primarily as a part of defense
mechanism for them, so that herbivores won’t eat them
and thus, their survival is taken care of. The bitter tasting
phytochemicals in plants include phenols, terpenoids,
alkaloids, flavonoids, glucosinolates and isothiocyanates
[22]. Researches on bitter phytochemicals on skin,
presence of TAS2Rs in the skin (GPCRs responsible for
perception of Bitter taste) highlights their potential as
drug targets for addressing skin aging, wound healing,
inflammatory  skin  conditions, and also skin
carcinogenesis [23]. Complete elucidation of GPCRs -
TASZR signaling pathway in the skin is still awaited and
hence, the role of Bitter taste on skin (as sensory organ)
forms a module for research in deciding the treatment
protocols in fungal infection.

Review of Mandukparni (Centella asiatica (L.)Urban)
Mandukparni (Centella asiatica (L.) Urban) belonging
to family-Apiaceae (Umbilliferrae). It is a prostrate,
faintly aromatic, stoloniferous perennial herb, upto 2 m
long as cited in Figure 1.
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Figure 1 Morphology of Mandukparni (Centella
asiatica(L.)Urban)

The herb is bitter in taste, light — easy to digest in
property, and cold in potency with post digestive taste as
Sweet [24] The phytochemicals of this herb are major
constituents are saponin (medacoside, asiaticoside,
medacassoside, asiatic acid, a new triterpenic acid) [25].
The whole plant is used for its therapeutic utility in
Ayurveda clinical practice. This herb is primarily known
for its cognitive effect — increases cognition/ promotes
intelligence mentioned as Medhya rasayana known for
enhancing the complexion) [26]. Apart from that
Nighantus (textbook of glossary of Ayurveda herbs)
states that it is also recommended in dermatological
conditions and Type Il DM. [27]

Endophytic Fungus growing on Mandukparni
(Centella asiatica (L.) Urban)

Endophytic fungi (EF) are a group of host-associated
fungal clusters that inhabit the intercellular or
intracellular spaces of host tissues, providing beneficial
effects to their hosts. These fungal colonies infect the
host plant without making it diseased. Moreover, once
the host plant gets affected by this endophytic fungi, with
the process of symbiosis it helps in preparation of
secondary metabolites in plants via complex gene
expression regulation mechanisms in the symbiotic
continuum [28]as cited in Figure 2.
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Figure 2: Growth of Endophytic fungus on leaf of
Madukparni (Centella asiatica(L.)Urban)

Hence, these are beneficial to the host plant which helps
to increase the secondary metabolites in plants. As stated,
Centella herb grows in marshy land and requires lot of
water for sustaining itself. It is seen that this herb gets
affected by Endophytic fungi due to excessive
accumulation of water.

Previous researches on the growth of endophytic fungi
on Centella states that, the common endophytes are the
non-sporulating species followed by Colletotrichum,
Guignardia, Glomerella, an unidentified ascomycete, the
non-sporulating species 2 and Phialophora sp.[29].
Researches on endophytic fungi on Centella are
suggestive of 13 endophytic fungi being isolated from
the leaves of the plant, out of which one of the isolates
produced asiaticoside. This asiaticoside producing
isolate was identified as Colletotrichum gloeosporioides
by the process of internal transcribed spacer-based rDNA
sequencing [30]. Thus, the secondary metabolites
asiaticoside produced by Centella play an important role
in mediating biochemical communications between the
host plant and endophytic fungi. These endophytic fungi
thus, help in altering the genetic makeup of the plant,
thereby, enhancing its therapeutic potential. As per
previous researches asiaticoside is known for its
therapeutic potentials suggest its activity as wound
healing, venous insufficiency, anxiolytic properties,
cognitive and antioxidant properties [31].Further, in vitro
studies of ethanolic extracts of Centella suggests
antifungal activity along with other anti-microbial
activity [32]. Hence, it can be summarized by these
regulation mechanisms and production of secondary
metabolites of asiaticoside have coevolved with the
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initiation of Endophytic Fungi of Colletotrichum and —
host plant (Centella) symbiosis.

Centella Phytosomes as novel drug in targeted
therapy of Fungal Infection in Type Il Diabetes
Mellitus

Phytosomes are known as complex of phospholipids and
natural active phytochemicals, bound in their structures,
obtained by the reaction between phosphatidylcholine
(or any hydrophilic polar head groups) and plant extracts
in an aprotic solvent (solvents in which no hydrogen
bonding takes place) [33]. These have emerged as novel
pharmaceutical formulations for drug delivery system of
natural compounds/ extracts [34]. These phytosomes
have paved their way as an emerging nanotechnology
pharmaceutical formulations for the topical delivery of
bioactive phytochemicals [35]. Researches on Centella
phytosomes are suggestive of having potent anti-
inflammatory and antioxidant activity. On mouse model
centella phytosomes are known for its anti dermatitic
effect [36]. The compounds, asiaticoside exert
therapeutic effects on dermatological diseases via NF-
kB, in in vitro and in vivo studies [37]

Discussion

With the present fundamental review study, it is evident
that, for the treatment of Type Il DM, which is included
in triad of metabolic syndrome, bitter taste forms the
integral part of treatment protocol. Excess amount of
moistness in such patients in the skin forms a fertile
ground for recurrent fungal infection. This fungal
infection has limited treatment protocols which demands
for discovery of novel drug therapies. By comprehending
the mechanism of G Protein coupled receptors (GPCRs)
on Type Il DM, Skin and the properties of bitter taste is
anti-toxic— neutralization of poison caused due to
metabolic toxins, anti-fungal agent and aiding dryness by
absorbing excess watery waste beneath the skin thereby,
not facilitating the growth of fungus, followed by role of
bitter phytochemicals on skin gives a detailed workup of
how topical application of herbs with bitter taste can
exert its therapeutic effect on skin which is also a sensory
organ in medical conditions of fungal infection in Type
Il DM patients. With this background of GPCRs being
major receptor mediating metabolism in Type Il DM,
bitter taste and the effect of role of bitter phytochemicals
on skin allows one to search for herbal drugs for
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combating fungal infection in diabetic patients. Review
of Centella suggests that this herb is bitter tasting, it is a
prostrate growing in marshy land, which itself naturally
facilitates growth of fungus on it. Researchers suggest
that out of 13 endophytic fungi isolated from Centella,
the growth of endophytic fungus of Colletotrichum on
Centella allows the biochemical communication.
Without affecting the plant (no disease manifestation to
the host plant), this endophytic fungus helps in enhancing
the production of secondary metabolites of asiaticoside
responsible for its dermatological effects. Previous in
vitro studies of ethanolic extracts of Centella have shown
promising results as a potent antifungal infection. These
potentials of Centella for the purpose of novel emerging
pharmaceutical formulation for topical drug delivery of
bioactive molecule are explored via Centella
phytosomes. These complexes allows natural bioactive
phytochemicals of centella, asiaticoside is suggestive of
anti-dermatitis effect in vivo mouse model. Further,
centella phytosomes as antifungal agents on topical
application requires further validation and studies via in
vivo models followed by clinical trials.

Conclusion

Among the Non communicable diseases, due to
metabolic derangement, Type Il DM is an alarming
disease; apart from that the burden of cutaneous fungal
infection in patient with Type Il DM is major. This
condition is related to diseases caused due to over-
nourishment as per Ayurvedic classical texts which also
narrates cutaneous manifestation of skin. In search of
novel drug discovery, to curb this medical condition, the
present review gives insightful understanding of use of
Mandukparni (Centella asiatica (L.) Urban) as Centella
Phytosomes, in local application. The herb Centella
being bitter, the mode of action of bitter taste as extra oral
taste receptors via G protein couple receptors has been
elucidated in this current article. Moreover, this article
emphasizes the use of Centella after manifestation of
endophytic fungus Colletotrichum gloeosporioides via
symbiosis without affecting the host herb, rather helps
production of secondary metabolites of asiaticoside
responsible  for  dermatological effects. Further
researches on use of Centella phytosomes which has
been prepared after infestation of endophytic fungus
Colletotrichum gloeosporioides may validate the present
concept. In a nutshell, this review article opens up the
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avenue of further research as role of Mandukparni
(Centella asiatica (L.)Urban) as antifungal agent via
Phytosomes technology in targeted treatment of Fungal
Infection in Type Il Diabetes Mellitus.

References

1.

872

Swarup S, Goyal A, Grigorova Y, et al. Metabolic
Syndrome. [Updated 2022 Oct 24]. In: Stat Pearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2023 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 459248/
Ranjit Mohan Anjana, MD, Ranjit Unnikrishnan,
MD, Mohan Deepa, PhD, Rajendra Pradeepa, PhD,
Nikhil Tandon, MD, Ashok Kumar Das, MD et al.
Metabolic non-communicable disease health report
of India: the ICMR-INDIAB national cross-
sectional study (ICMR-INDIAB-17)Metabolic
non-communicable disease health report of India:
the ICMR-INDIAB national cross-sectional study
(ICMR-INDIAB-17). The Lancet Diabetes and
Endocrinology. Volume 11 Number 7, P 474-489,
July 2023. https://doi.org/10.1016/S2213-
8587(23)00119-5

Rodrigues CF, Rodrigues ME, Henriques M.
Candida sp. Infections in Patients with Diabetes
Mellitus. J Clin Med. 2019 Jan 10;8(1):76. doi:
10.3390/jcm8010076. PMID: 30634716; PMCID:
PMC6352194.

Thilak S, Anbumalar M, Sneha Priya M.
Cutaneous fungal infections in subjects with
diabetes mellitus. Int J Res Dermatol 2017;3:55-8
Agnivesha, Charaka, Dridhabala, CharakaSamhita,
Sutrasthana, Santarpaniya adhyay 23, verse no3-4,
Vaidya manorama Hindi Commentary, edited by
Dr. BhrahmanadTripathi, Vol.1, Chaukhamba
Surbharati Prakashan, Varanasi 2013, 421
Agnivesha, Charaka, Dridhabala, CharakaSamhita,
Sutrasthana, Santarpaniyaadhyay 23, verse no6,
Vaidyamanorama Hindi Commentary, edited by
Dr. BhrahmanadTripathi, Vol.1,
ChaukhambaSurbharatiPrakashan, Varanasi 2013,
422.

Agnivesha, Charaka, Dridhabala, CharakaSamhita,
Nidansthan, Pramehanidan 4, Vaidyamanorama
Hindi Commentary, edited by Dr.
BhrahmanadTripathi, Vol.1, Chaukhamba
Surbharati Prakashan, Varanasi 2013, 612

10.

11.

12.

13.

14.

15.

16.

Agnivesha, Charaka, Dridhabala, CharakaSamhita,
Sutrasthana, Atreyabhadrakapya Adhyaya 26,
verse no43(5), Vaidyamanorama Hindi
Commentary, edited by Dr. Bhrahmanad Tripathi,
Vol.1, Chaukhamba Surbharati  Prakashan,
Varanasi 2013, 484

Agnivesha, Charaka, Dridhabala, Charaka Samhita,
Sutrasthana, Santarpaniya aadhyay 23, verse no 12-
14, Caraka Chandrika Hindi Commentary, edited
by Dr. Bhrahmanad Tripathi, Vol.1, Chaukhamba
Surbharati Prakashan, Varanasi 2013, 423
Agnivesha, Charaka, Dridhabala, Charaka Samhita,
Sutrasthana, Atreyabhadrakapya aadhyay 26, verse
no 9, Caraka Chandrika Hindi Commentary, edited
by Dr. Bhrahmanad Tripathi, Vol.1, Chaukhamba
Surbharati Prakashan, Varanasi 2013, 469
Agnivesha, Charaka, Dridhabala, Charaka Samhita,
Sutrasthana, Atreyabhadrakapya aadhyay 26, verse
no 42-1, Caraka Chandrika Hindi Commentary,
edited by Dr. BhrahmanadTripathi, Vol.1,
Chaukhamba Surbharati Prakashan, Varanasi 2013,
481

Vd. G. A. Phadke, Dravyaguna shastram, ,Vaidya
Vamanrao Dinanath Publications Sorab House,
Fort, Pradnyamudranalaya, 1% edition, P.76
Agnivesha, Charaka, Dridhabala, Charaka Samhita,
Sutrasthana, Atreyabhadrakapya aadhyay 26, verse
no 42-5, Caraka Chandrika Hindi Commentary,
edited by Dr.Bhrahmanad Tripathi, Vol.1,
Chaukhamba Surbharati Prakashan, Varanasi 2013,
484

Gilca, M., &Dragos, D. (2017). Extra oral Taste
Receptor Discovery: New Light on Ayurvedic
Pharmacology. Evidence-based complementary
and alternative medicine: eCAM, 2017, 5435831.
https://doi.org/10.1155/2017/5435831

Sbarbati A, Bramanti P, Benati D, Merigo F. The
diffuse chemosensory system: exploring the
iceberg toward the definition of functional roles.
Prog Neurobiol. 2010 May;91(1):77-89. doi:
10.1016/j.pneurobio.2010.01.010. Epub 2010 Feb
4. PMID: 20138111.

Burdge, J., & Overby, J. (2020). Chemistry —
Atoms first (4th ed.). New York: McGraw Hill.
ISBN  978-1260571349 accessed via link
https://en.wikipedia.org/wiki/Ligand (last accessed
on 18.03.2024)


http://www.jchr.org/
https://www.ncbi.nlm.nih.gov/books/NBK459248/
https://doi.org/10.1016/S2213-8587(23)00119-5
https://doi.org/10.1016/S2213-8587(23)00119-5
https://doi.org/10.1155/2017/5435831
https://en.wikipedia.org/wiki/Ligand

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(5), 867-874 | ISSN:2251-6727

17.

18.

19.

20.

21.

22.

23.

24,

25.

873

Reimann F, Gribble FM. G protein-coupled
receptors as new therapeutic targets for type 2
diabetes. Diabetologia. 2016 Feb; 59(2):229-33.
doi: 10.1007/s00125-015-3825-z. Epub 2015 Dec
12. PMID: 26661410; PMCID: PMC4705132
Raymond JH, Aktary Z, Larue L, Delmas V.
Targeting GPCRs and Their Signaling as a
Therapeutic Option in Melanoma. Cancers (Basel).
2022 Jan 29; 14(3):706. doi:
10.3390/cancers14030706. PMID: 35158973;
PMCID: PMC8833576

M. Pilar Pedro, Katherine Lund, Ramiro Iglesias-
Bartolome. The landscape of GPCR signaling in the
regulation of epidermal stem cell fate and skin
homeostasis. Stem Cells journal 07" September
2020.  https://doi.org/10.1002/stem.3273  (last
accessed on 18.03.2024)

Di Pizio A, Levit A, Slutzki M, Behrens M,
Karaman R, Niv MY. Comparing Class A GPCRs
to bitter taste receptors: Structural motifs, ligand
interactions and agonist-to-antagonist  ratios.
Methods Cell Biol. 2016;132:401-27. doi:
10.1016/bs.mch.2015.10.005. Epub 2015 Dec 24.
PMID: 26928553.

Chaugule Pradnya Dundappa et al. Exploring the
role of tikta rasa (bitter taste) through bio-signaling
pathways in targeted treatment of type Il diabetes
mellitus: A review. Int. J. Res. Ayurveda Pharm.
2018;9(3):17-20  http://dx.doi.org/10.7897/2277-
4343.09354

Adam Drewnowski, Carmen Gomez-Carneros,
Bitter taste, phytonutrients, and the consumer: a
reviewl23,The American Journal of Clinical
Nutrition,Volume 72, Issue 6,2000,Pages 1424-
1435,ISSN 0002-
9165, https://doi.org/10.1093/ajcn/72.6.1424
Gradinaru, Teodora-Cristiana, Adelina Vlad, and
Marilena GilCharaka 2024. "Bitter Phytochemicals
as Novel Candidates for Skin Disease Treatment"
Current Issues in Molecular Biology 46, no. 1: 299-
326. https://doi.org/10.3390/cimb46010020

Dr. J.L.N. Sastry, Illustrated Dravyaguna Vigyan
(Study of the Essential Medicinal Plants in
Ayurveda) Vol Il ,Edition: Second: Chaukhamba
Orientalia, Varanasi; 2005, pg.245,246

Kulkarni R, Girish KJ, Kumar A. Nootropic herbs
(Medhya Rasayana) in Ayurveda: An update.

26.

217.

28.

29.

30.

31.

32.

33.

Pharmacogn Rev. 2012 Jul;6(12):147-53. doi:
10.4103/0973-7847.99949. PMID: 23055641
PMCID: PMC3459457.

Agnivesha, Charaka, Dridhabala, CharakaSamhita,
Chikitsasthana, RasayanChikitsaAdhyayal(3),
verse no. 30-31, Vaidyamanorama Hindi
Commentary, edited by Dr. BhrahmanadTripathi,
Vol.2, Chaukhamba Surbharati  Prakashan,
Varanasi 2013

Shri. Bhavmishra, Dr.K.C.Chunekar Commentary,
BhavprakashNighantu, Guduchyadivarga, Reprint,
Varanasi : Chaukhamba Bharati Academy ; 2003.
P.461

AlamBeena,et al, Endophytic Fungi: From
Symbiosis to Secondary Metabolite
Communications or Vice Versa?Frontiers in Plant

Science,VOLUME12, 2021,
DOI:10.3389/fpls.2021.791033
Rakotoniriana EF, Munaut F, Decock C,

Randriamampionona D, Andriambololoniaina M,
Rakotomalala T, Rakotonirina EJ, Rabemanantsoa
C, Cheuk K, Ratsimamanga SU, Mahillon J, El-
Jaziri M, Quetin-Leclercq J, Corbisier AM.
Endophytic fungi from leaves of Centellaasiatica:
occurrence and potential interactions within leaves.
Antonie Van Leeuwenhoek. 2008 Jan-Feb;93(1-
2):27-36. doi: 10.1007/s10482-007-9176-0. Epub
2007 Jul 4. PMID: 17610142.

Gupta, S., Bhatt, P. & Chaturvedi, P. Determination
and quantification of asiaticoside in endophytic
fungus from Centella asiatica (L.) Urban. World J
Micro boil Biotechnol 34, 111 (2018).
https://doi.org/10.1007/s11274-018-2493-9

Gohil KJ, Patel JA, Gajjar AK. Pharmacological
Review on Centella asiatica: A Potential Herbal
Cure-all. Indian J Pharm Sci. 2010 Sep;72(5):546-

56. doi: 10.4103/0250-474X.78519. PMID:
21694984; PMCID: PMC3116297.
Jun Xian Wong, SuzitaRamli, Antimicrobial

activity of different types of Centella asiatica
extracts against food borne pathogens and food
spoilage
microorganisms,LWT,Volume142,2021,111026,ht
tps://doi.org/10.1016/j.Iwt.2021.111026.

Barani M, Sangiovanni E, Angarano M, Rajizadeh
MA, Mehrabani M, Piazza S, Gangadharappa HV,
Pardakhty A, Mehrbani M, Dell'Agli M,


http://www.jchr.org/
https://doi.org/10.1002/stem.3273
http://dx.doi.org/10.7897/2277-%204343.09354
http://dx.doi.org/10.7897/2277-%204343.09354
https://doi.org/10.3390/cimb46010020
https://doi.org/10.1007/s11274-018-2493-9
https://doi.org/10.1016/j.lwt.2021.111026
https://doi.org/10.1016/j.lwt.2021.111026

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(5), 867-874 | ISSN:2251-6727

Nematollahi MH. Phytosomes as Innovative
Delivery Systems for Phytochemicals: A
Comprehensive Review of Literature. Int J
Nanomedicine. 2021 Oct 15;16:6983-7022. doi:
10.2147/1JN.S318416. PMID: 34703224; PMCID:
PMC8527653.

34. Hamdi Nsairat, DimaKhater, FadwaOdeh, Areej M.
Jaber, Mazen A.M. Al Sulaibi, WalhanAlshaer,
Abeer Al Bawab, Mohammad S. Mubarak, Chapter
12 - Phytosomes: a modernistic approach to the
delivery of herbal drugs, Editor(s): Amit Kumar
Nayak, MdSaquib Hasnain, Bibek Laha,
Sabyasachi Maiti, Advanced and Modern
Approaches for Drug Delivery, Academic

Press,2023,Pages 301-
355, https://doi.org/10.1016/B978-0-323-91668-
4.00029-0

35. Alharbi WS, Almughem FA, Almehmady AM,
Jarallah SJ, Alsharif WK, Alzahrani NM, Alshehri
AA. Phytosomes as an Emerging Nanotechnology
Platform for the Topical Delivery of Bioactive
Phytochemicals.  Pharmaceutics. 2021  Sep
15;13(9):1475. doi:
10.3390/pharmaceutics13091475. PMID:
34575551; PMCID: PMC8465302.

36. Park Ju Ho, Jang Jun Sung, Kim Ki Cheon, Hong
JinTae,Anti-inflammatory  effect of Centella
asiatica phytosome in a mouse model of phthalic

anhydride-induced atopic
dermatitis,Phytomedicine,Volume 43,2018,Pages
110-119,ISSN 0944-

7113,https://doi.org/10.1016/j.phymed.2018.04
37. Kyoung Sik Park, "Pharmacological Effects of
Centella asiatica on Skin Diseases: Evidence and
Possible Mechanisms", Evidence-Based
Complementary and Alternative Medicine, vol.
2021, Article ID 5462633, 8 pages, 2021.
https://doi.org/10.1155/2021/5462633

874


http://www.jchr.org/
https://doi.org/10.1016/j.phymed.2018.04

