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Abstract

Introduction: Cancer ranks high amongst the topmost causes of mortality globally. Several factors such as stressful living, pollution,
irregular habitual activities, UV exposures and ionizing radiations, toxic drugs, and genetic alterations are contributing to enhanced
incidences of cancer. Surgery, chemotherapy, and radiation therapy are conventional cancer therapies that often cause serious side ef-
fects on human health. Scientists are moving towards alternatives and exploring natural remedies such as plant extracts and natural

products for both treatment and prevention.

Methodology: For the present article, research, review and official documents were referred which followed the keywords- endemic,

herbal, extract, anti-cancer and Himalayas.

Results: The Himalayan region is the hub of endemic medicinal floras, which can be utilized in the curing of multiple ailments and
disorders including cancer without causing serious side effects. In the current review article, we have documented 8 endemic medic
herbs namely Bergenia ciliata, Cedrus deodara, Gentiana kurroo, Podophyllum hexandrum, Osmunda regalis, Nardostachys jata-
mansi, Coptis teeta, and Saussurea costus. Studies reporting the cytotoxic efficacies of extracts of these floras have shown significant
results in the suppression of cancer cells in various animal models through DNA damage and activation of apoptosis-inducing en-
zymes. The review will provide basic information to the researchers interested in developing newer, safe, and standard herbal drugs

to prevent and cure cancer.

Conclusion: Further greater extensive researches are required to document the unique medicinal floras of the Himalayan region and

to explore their hidden potentials, bioactive compounds, and mechanism of anticancer activities to develop herbal drugs.
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Introduction It arises due to genetic alterations that disrupt the orderly pro-

In the modern era, consuming processed and fermented food cess of cell division. These cells may form a mass called a tumor that

consisting of preservatives, and various types of ripening agents can be either benign or malignant. A benign tumor can grow but

have led to the development of tumors over prolonged use [1]. cannot spread. While malignant cancerous tumors can migrate from

Accumulation of toxins from fast food, and sodas; habits such as their place of origin, attacking neighbouring tissues, and producing

smoking, drinking, and chewing paan, unhealthy style of living, aggregates at the body’s distant localities through a process called

exposure to UV and ionizing radiations, toxic drugs, and pollution metastasis”. Tumors consisting of such malignant cells become

weaken the immune system making it prone to diseases such as more invasive and deadly gradually, destroying the tissues as well

cancer [1]. Cancer is a degenerative disease characterized by ex-
cessive cell development and multiplication. It ranks high amongst
the topmost causes of mortality globally with roughly ten million
fatalities attributed to it in the year 2020 (Table 1) [2].

as organs necessary for an individual’s survival. Cancer formation
is essentially influenced by two kinds of genes: tumour suppres-
sor genes and proto-oncogenes. When mutated, proto-oncogenes
(HER2, BRCA1, BRCA2) can become carcinogenic oncogenes that
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S. No. Type of cancer Cases of cancer  (In millions) Number of deaths
1 Breast cancer 2.26 million 6.85 lakhs
2 Lung cancer 2.21 million 1.80 million
3 Colon and rectum cancer 1.93million 9.16 lakhs
4 Gastric cancer 1.09 million 7.69 lakhs
5 Non-melanoma cancer 1.20 million -
6 Prostate cancer 1.41 million 7.69 lakhs

Table 1: Global data on cancer types and cases recorded in 2020 [2].

induce excessive multiplication [3]. These mutations may cause
the proto-oncogenes to produce too many growth-stimulatory
proteins that are expressed incorrectly or inappropriately in nor-
mal cells. In contrast, tumor suppressor genes (p53, APC, INK4)
contribute to cancer when they are inactivated by mutations [3].
Surgery, chemotherapy, and radiation therapy are traditional can-
cer treatments often complimented by other alternative remedies
[1, 4]. Conventional therapies often possess potential side effects
such as toxicity, sleep disturbance, limited bioavailability, depres-
sion, hair loss, anxiety, nausea, and vomiting. But at best, it adds a
few years to the patient’s life [1]. Therefore, alternative approaches
need to be explored for cancer prevention and curing. Studies have
exemplified the impact of natural remedies comprising of plants

and herbal products to have a certain level of curative effect [1].

The Himalayas are a range of mountains in Southeast Asia that
span roughly 2400 kilometres passing through various nations
such as China, Afghanistan, Bhutan, India, Nepal, and Pakistan. The
Indian Himalayas are divided into three longitudinal belts

e  Outer Himalayas (the Shivalik range).
e Lesser Himalayas (lower/middle Himalayas).

e  Greater Himalayas (higher Himalayas).

In the Himalayas Indian region, around 18,440 species are re-
ported out of those 30% are endemic [5]. In the Kashmir Himala-
yas region of the north-western Himalayas, 312 plant species have
been reported, out of which 153 are endemic including Lilium poly-
phyllum, Aconitum chasmanthum, Gentiana kurroo, and Saussurea
costus (Table 2) [6].

S. No. Botanical Name Local Name Name of family
1 Lilium polyphyllum D. Don Kakoli/ksheerkakoli. Liliaceae
2 Aconitum chasmanthum Mohru/patis kauri Ranunculaceae
3 Gentiana kurroo Royal Trayman Gentianaceae
4 Saussurea costus Koot/Kushta Asteraceae

Table 2: Endemic flora of Kashmir Himalayan region [6].

A report entitled “Conservation of Endemic Threatened Flora”
has been released by the Research wing of Uttarakhand State
Forest Department in 2020 [7] stating that out of 1145 total con-
served species in the state, 46 species are endemic, of which 25
species are near-endemic, 10 are endemic to Uttarakhand, and 10
are endemic to the Himalayan region of India (Table 3).

Various endemic medicinal plants such as Ce-
drus deodara (Himalayan cedar), Coptis teeta (Indian goldthread),
Podophyllum (Himalayan mayapple), Saussurea costus (In-
dian costus or kuth), Pittosporum ericocarpum (Doon cheese
wood), and Bergenia ciliata (Winter begonia) have been found in
the Himalayas [5, 6]. Most of these plants have anti-cancerous
properties and are utilized in curing diverse cancers types like co-

lon, breast, laryngeal, and tongue cancer (Table 4) [8-10]. More-

over, compared to modern symptomatic treatments, medicinal

plants are readily available, inexpensive, and non-toxic [4,11].

Anti-cancerous medicinal plants endemic to the Himalayas
Gentiana kurroo

It is an annual plant with sturdy, fully formed, white to brown
rhizomes that give rise to blooming stems, each having one to four
blue-coloured blooms (Figure 1). The aerial section of the plant
primarily consists of radical leaves at the base while the shoot is

characterized by blooming branches containing cauline leaves [12].

Phytochemicals constituents

Gentiana plants are well recognized for their bittering flavour
just because of the existence of key active compound secoiridoids
in the form of swertiamarin, gentiopicroside, and sweroside [8].

Iridoid glycosides like gentiopicrin, 6-o-vaniloyl, aucubin, gen-
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S. No. Scientific Name Local Name Endemism
1 Indopiptadenia oudhensis Gainti Endemic to Western Himalaya
2 Nardostachys jatamansi Jatamansi Endemic to Himalaya (IHR)
3 Aconitum hetrophyllum Atees Pan Endemic in Himalaya
4 Saussurea costus Koot/Kushta Endemic to Himalaya (IHR)
5 Gentiana kurroo Trayman Endemic to Western Himalaya
6 Cyathea spinolosa Tree fern Pan Endemic in Himalaya
7 Osmunda regalis Royal fern Endemic to central and southern India
8 Utricularia brachiata - Endemic to northeast India
9 Utricularia striatula - Endemic to northeast India
10 Angelica glauca Choru Endemic to Himalaya (IHR)

Table 3: List of Uttarakhand region species endemic to the Himalayas’ Indian Region [7].
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Figure 1: G. kurroo a) Plant b) Flower [12].

tiamarin, and gentianin have also been discovered in Gentiana’s
roots [12]. Additional phytochemicals extracted are gentiside,

swertianolin, swertisin, and isogensitin [9].

Anti-cancer properties

Gentiana kurroo is widely utilized in ayurvedic therapies due
to the anticancer efficacies of its phytoconstituents. It has been
reported that the dose-dependent administration of root extracts
suppress the development of cancer cells [8]. Extracts of root-
stock and aerial sections of G. kurroo exhibited in-vitro cytotoxicity
in pancreatic cancer, lung cancer, acute monocytic leukemia, breast,
prostate, colon cancer, and lung carcinoma cells [8-9]. A study inves-
tigating the anti-cancer efficacy of the plant revealed its tetraploid
cytotype with more cytotoxic potential than the diploid cytotype.
Moreover, methanolic root-stock extract displayed higher antican-
cer efficacy in the colon cancer HCT-116 cell line at IC,, 5.65 pg/
ml [9]. In another study, it has been revealed that methanolic root
extract (10-100 pug/ml) suppress cancer cell growth in a dosage-
related mode. At higher values (100 pg/ml), the extract suspended
the growth of the THP-1 (87 + 2.40) and HCT-116 (74 + 2.57) cell
lines while, at small doses (10 pg/ml), the extract exhibited anti-
proliferative effect on the MiaPaCa-2 (39 * 4.55) and THP-1 (37

+ 1.80) cells [8]. The extract induced the effect by reducing mito-
chondrial membrane potential along with the inducing apoptosis
in MiaPaCa-2 cell lines and simultaneously blocked cell cycle pro-
gression thereby enhancing sub-resting phase/interphase cell pop-
ulace, possibly by DNA fragmentation which resulted in apoptotic
cell death (Figure 2) [8].

Nardostachys jatamansi

It is a tiny, annual, rhizomatic plant with long, stalkless, and
oval-elliptical leaves (Figure 3b). Blooms are faded blue or pink
colored; roots are present in form of deep grey-colored rhizomes
capped with reddish to brown tuft-like petiole remnants of the

radical leaves (Figure 3a) [20].

Phytochemical constituents

Nardostachys’ plants reported to contain various phyto-
chemical constituents such as a-patchoulenese, B-eudesemol,
B-patchoulenese, (-sitosterol, jatamansin, jatamansinol, valeranal,
valeranone, n-hexacosanol isolverate, nardol, norsechelanone, sey-
chelane, volatile essential oils, etc. [4,11].0ther phytoconstituents
include nardin, nardal, patchouli alcohol, jatamol, jatamansic acid,

malline, dihydrojatamansin, nardostachone, nardosinone, spirojat-
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Figure 2: Mechanism of Gentiana Kurroo induced apoptosis in

cancer cells [8].

Figure 3: Nardostachys jatamansi (a) Roots (b) Plant [20].
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amol, jatamansinone, jatamansone, lupelol, pyrnocoumarin A and
B, sesquiterpene acid, calarenol, coumarin, jatamansinol have also
been discovered [4,11,20].

Anti-cancer properties

Several traditional medical systems have documented N. jata-
mansi’s efficacy in treating lung, ovary, prostate, and liver cancer.
In an investigation, the N. jatamansi methyl-alcohol extract exhibited
higher cell growth suppression in MDA-MB-231cells (half maximal
inhibitory concentration: 23.83 £ 0.69 micrograms/millilitres) and
in MCF-7 cells (half maximal inhibitory concentration: 58.01 + 6.13
micrograms/millilitres) as revealed by the MTT test. Fractions of
petroleum ether and diethyl ether have demonstrated higher cyto-
toxic efficacy in MDA-MB-231cells (half maximal inhibitory concen-
tration: 25.04 + 0.90 micrograms/millilitres) and MCF-7 Cells (half
maximal inhibitory concentration: 60.59 + 4.78 micrograms/milli-
litres) [11]. High-performance thin-layer chromatography revealed
the existence of lupeol, beta-sitosterol and other sesquiterpenes
in Nardostachys jatamansi extracts/fractions which exhibited in-
vivo cytotoxicity on these cancerous cells (Figure 4) [11]. In a com-
parative investigation analyzing the potency of different solvents,
N-hexane Nardostachys jatamansi extract revealed maximum po-
tency as the suppressor of neuroblastoma IMR-32 and SK-N-SH
cells development in concentration-related mode [4]. It displayed
91% inhibition in the IMR-32 cells and 82% in the SK-N- SH cells at
IC,, of 100 micrograms/millilitres [4].

Nardostachys
Jatamansi

| B — sitosterol (phytostercl) |

Enhanced Upregulated
“c':“““m °f mPARP DFF40/CAD Bax/Bel 2
caspase 3 and T . "
caspase 9.

Figure 4: Mechanism of (3-sitosterol-induced cell death in cancer cells [11].

Abbreviations: PARP: Poly-ADP ribose polymerase; IAPs: Inhibitor of apoptosis is protein

Podophyllum hexandrum

It is a smooth, upright, juicy plant with crawling, knotty rhi-
zomes having several yellow to darkly brown roots; inexactly thir-
ty to ninety cm long stem; ten to twenty cm long, circular leaves
that look alike umbrellas; white to faded pink coloured blooms
(Figure 5a); and two to five cm broad, and ovoid to ellipsoidal ber-
ry-like fruit (Figure 5b) [21].

Phytochemical constituents

Several lignans like podophyllotoxin, 4’-dimethyl-podophyllo-
toxin and 4’-dimethyl-deoxypodophyllotoxin, glycosides, tannins,
flavonoids such as quercetin, terpenes, saponins, D-glycosides,
proteins, calcium oxalate, mineral salts, wax, and volatile oils been

reported in P hexandrum’s rhizomes [21].
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Figure 5: Podophyllum hexandrum (a) Plant (b) Fruit [21].

Anti-cancer properties

Podophyllotoxin is widely used to develop newer carcinopre-
ventive medications like etopophose, etoposide, and teniposide
that are nowadays widely utilized in neuroblastoma, leukemia,
moderate lung, liver and testicular cancer therapies [21,22] The
semisynthetic derivatives of podophyllotoxin mainly function as
DNA topoisomerase II blockers (Figure 6) [22].

‘ Podophyilum hexandruml

Podophyllotoxin

Inhibits DNA Topotsomerase
I

1

Blockage of TP II
actvities

Enhancement in
TP II production

* Stress n DNA.
* Enhanced DNA cleavage

Target cells
Death
Figure 6: Mechanism of action of Podophyllotoxin against cancer

cells [22].
Abbreviation: TP II: DNA Topisomerade II

In an ATP-dependent reaction, Topoisomerase II relaxes both
+ve and -ve supercoils by incorporating a dual-stranded gap in one
DNA duplex and transiting another duplex through it. The semisyn-
thetic derivatives (teniposide and etoposide) of podophyllotoxin
attach to this complex and inhibit the repair of the double-strand-
ed gap, halting the cells in the late synthesis or early pre-mitotic
stage [22]. In another investigation, methyl-alcohol and ethanolic
extracts of P hexandrum rhizomes displayed dose-dependent growth
inhibitory effects in neuroblastoma, colon, lung, central nervous
system, breast, and prostate cell lines [13]. At 100 pug/ml concen-
tration, 70% ethanolic and methanolic extracts displayed higher
growth suppression of 86% and 85% growth suppression against

the Colo-205 colon cancer cells [13].
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Saussurea costus

It is a thin, erect, and up to two meters tall annual plant (Figure
7a). Roots are extended with a conspicuous fragrance (Figure 7b);
membranous blooms are black or darkish violet coloured, sticky,

and asymmetrically marked, while the fruit is hair-covered [14,23].

(a) (b)

Figure 7: S. costus (a) Plant (b) Dried roots.

Phytochemical constituents

On phytochemical analysis of S. costus roots various secondary
metabolites namely terpenoids, lignans, flavonoids, glycosides,
steroids, and essential oils (lactone, costunolide, and sesquiterpenes),
aldehydes, alcohols, ketones, lupeol, palmitates, dihydroneoclo-

vene, saussureal, and betulinic acid have been reported [14,23-24].

Anti-cancer properties

On administration, the root extract of costus demonstrated an-
ti-cancerous effects on several cancer types including lung, pros-
tate, oral, stomach, and esophageal cancer due to the existence of
cancer-suppressing agents like dehydrocostus lactone, cynaropic-
rin, costunolide, and sesquiterpenes [14,23]. It has been revealed
that by suspending TNF-alpha-instigated phosphorylation and de-
struction of I-kappa B alpha proteins in HL-60 cells, dehydrocostus
lactone blocks NF Kappa B activities and enhances the activities
of caspase-8 and caspase-3 which make HL-60 cells vulnerable to
TNF-alfa induced apoptosis (Figure 8) [23]. It was also discovered
that Costunolide, which is an efficient apoptosis inducer expresses
its action by instigating reactive oxygen species-mediating mito-
chondrional permeability transition and releasing cytochrome
complex in the cytosol (Figure 8) [24]. Thus S. costus instigated
cancer cells’ demise by halting them in the post-mitotic gap phase of

the cell cycle or by the intrinsic mitochondrial route [14].

Coptis teeta

It is an annual, stemless, flowering herb that grows up to 30-
50 cm (Figure 9a). Compound leaves are five to twenty cm in
size, smooth, and with lobular epipodium; small, white to yellow
blooms; rhizomes bear adventitious roots and are up to fifteen cm
in length (Figure 9 b). Blooming occurs in the spring season while

fruiting occurs in late spring-early summer [25].
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Figure 8: Mechanism of dehydrocostus lactone and costunolide- induced cell death in cancer cells [23,24].

Abbreviations: ROS: Reactive Oxygen Species, A¥m: Mitochondrial memnrane potential.

(a)

Figure 9: C. teeta (a) Plant (b) Dried rhizomes [25].

Phytochemical constituents

In the roots of C. teeta, 6.0-8.5% berberine and various alka-
loids including coptina and epiberberine have been reported. It
was also reported to contain jatrorrhizine, trans linoleic acid, fatty
acid esters, ketones, phytosterols fixed oil, albumin, coloring com-
pounds, lignin, extractive sugars, phenylpropanoids, saccharides,
and steroids [15,25-26].

Coptis teeta

Anti-cancer properties

Multiple investigations demonstrated that berberine via the
production of ROS causes apoptosis in diverse cancer cells like the
pancreas, breast, lung, cervix, colon, leukemia, liver, ovary, and
prostate cancer [15,25-26]. It has been reported to regulate the ac-
tions of Bcl-2 and Bax in the colon cancer cells (Figure 10) [26].
It was also revealed to exhibit anti-cachectic activities which were

explored in athymic mice.

1 Cas 2 el Enhanced cytochrome
Elevation in p21 Enhanced Bax/Bcl2 Casl s Cleaved PARP complex expression
leval expression. e appearance. and dgutlll};ng of

Induced death m
target cancer cells.

Figure 10: Mechanism of action of berberine-induced cell death in cancer cells [26].
Abbreviations: PARP: Poly-ADP Ribose Polymerase, A¥m: Mitochondrial Membrane Potential
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Bergenia ciliata

It is a straight, fleshy, perennial rhizomatous plant found grow-
ing on rocky cliffs up to 35cm. Leaves are spreading, glabrous, and
few in number (Figure 11 b); petioles are 1-2 cm long, with a hook-
like outgrowth occurring at the lower or upper half; flowers are
white or pink (Figure 11a), and fruits are capsule-like Solid, and
rigid rhizomes are covered with root scars; have a pungent taste

and a characteristic, slightly camphoraceous odour [16,27].

125
Phytochemical constituents

In the preliminary phytochemical screening of Bergenia cili-
ata rhizomes flavonoids, glycosides, saponins, sterols, and terpenoids,
compounds like (-)-3-O-galloylcatechin, (-)-3-O-galloylepicatechin,
arbutin, bergenin, phenols, leucocyanidin, tannins, gallic acid, tannic
acid, paashanolactone, afzelechin, and catechin, were discovered
[16,17,27].

Figure 11: B. ciliata (a) Flowers (b) Leaves.

Anti-cancer properties

When administered to Hep3B, and PC-3 cancer cell lines B.
ciliata rhizomes exhibited dose-dependent cytotoxicity with methyl-
alcohol (IC, : 29.25 + 2.50 pg/ml, 27.68 + 1.32 ug/ml), and aqueous
extracts (IC,: 75.53 £ 3.68 pg/ml, 25.46 + 2.95 pg/ml), and trig-
gered apoptosis [17]. It has been demonstrated that B. ciliata ethyl
acetate fraction with IC_; 0.76 and 0.773 mg/ml is a potent anti-
cancerous as evident in Ht144 and H157 cell lines, and the aque-
ous extract having IC.; 0.3-0.36 mg/ml in H157 cell line [16]. B.

ciliata ethanolic root extract also triggered cell death in cancer cells by
targeting UPR pathways (Figure 12) [27].

Osmunda regalis

It is a tall, perennial, deciduous, herbaceous fern (Figure 13a)
characterized by a short, erect, and scaleless rhizome (Figure 13b).
Sporangia are devoid of indusium and occur at the outer edge of
pinnules and on the underside. The chlorophyll-bearing spores are

trilete, green, and dispersed in the form of a ball-shaped tetrad [28].

Bergenia ciliataextract

!

Target UPR pathways (like
IRE1, ATF6, PERK)

l

|

» Increased expression of
GRP78.

* Enhanced phosphorylation
of IREla and Xbp1l.

Daclined ATFS expression.

+ Alteration n PERK
eXpression;

* Enhanced expression of
olF2 and ATF4.

Blocked
adaptive UPR.

Target cells
death

Figure 12: Mechanism of action B. ciliate ethanolic induced cell death in cancer cells [27].

Abbreviations: UPR: Unfolded Protein Response, PERK: Protein Kinase R-Like Endoplasmic Reticulum Kinase
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(b)

Figure 13: 0. regalis a) Plant [28] (b) Rhizome [18].

Phytochemical constituents

On the phytoconstituents assessment of German-origin O. rega-
lis, ketoaldehydes, alkanediols, and esters have been reported [28].
About 39 components including hexacosanal, hexahydrofarnesyl
acetone, y-palmitolactone, tricosane, 1-heptacosene, butylphenol,
and phytol have been reported in the essential oils [28]. In the
volatile oils, alkylated phenol, carbonylic compounds, diterpene
alcohol, hydrocarbons, monoterpene, and terpenoid ketones have

been reported [28].

Anti-cancer properties
It has been reported that the roots of Osmunda regalis have

anticancer efficacies and are used to heal tumors [18,28]. At 6ug/

ml-90pug/ml concentrations, ethanolic root extracts exhibited sig-
nificant anti-proliferative action on different neck and head car-
cinoma cells. Higher growth suspension was reported in HlaC78
with an EC value of 21.4 pg/ml followed by FaDu cells with an ef-
fective concentration of 8.5pug/ml. Toxic effects have been reported
to be regulated by p-glycoprotein and by suppressing migration
on ECM [18]. Higher motility inhibition on laminin was evident
in the HlaC78 cell line coupled with gene expression alteration of
integrins, proteases, VCAN, KAL1, and other genes participating in
metastases and adherence of cells (Figure 14). The extract was re-
vealed to instigate HNSCC cells’ demise and to prevent endothelial

cell tube development [18].

Osmunda regalis
extract
Altered gene expressions
i

\ Downregulated gene expression;\

U ted ! m: 5
pregulried penseEs R » Integrine (ITAG1, ITAGB3,
= CLEC3B ITGAM)
« KAL1L * Proteases (ADAMTSI,
MMP1.7,10,12 )
* NCAM2 .
* Metastasis-relevant genes

* MMP11,15,2 . / (VCAN, TNC, etc). /

Mobility mhibition or
Invasion of target
cancer cells.

Figure 14: Mechanism of action O. regalis mediated mobility inhibition or invasion of cancer cells [18].
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Cedrus deodara (C.D.)

Itis a large annual tree, up to eighty-five meters tall with broad,
spreading, wrinkled-black branches (Figure 15a); triangular
leaves that resemble needles (narrow, large, and conical); shoots
are dimorphous; blooms are typically bisexual; however, few trees
or tree-limbs usually have unisexual blooms and cones are usually
elongated to bell-like or may be circular (Figure 15b) [10,19,29].
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Phytochemical constituents

Almost 105 phytoconstituents like terpenoids (Himachalol, Al-
lohimachalol, Himadrol, Dewarol, Dewardiol), flavonoids (Cedeo-
darin, Dihydromyricetin, Cedrin, Cedrinoside), phytosterols, lig-
nans, volatile oils, and few multifarious constituents have been
identified in multiple portions of Cedrus. In the needle and wood oil,
terpenoids were the most typical category of the constituents that have

been extracted [29]. A sesquiterpene named himachalol was extract-

Figure 15: Cedrus deodara (a) Tree (b) Cones [29].

ed from the needle’s chloroform extract and in wood oil [29]. Addi-
tionally, B-himachalene was also explored in deodar’s essential oil
[10,29]. Likewise, in needle oil, eight flavonoids like 2R, cedrusone
A, myricetin, 3R-DMY, quercetin, and cedrin were discovered [19,
29]. Additionally, four dihydroflavonols namely cedrin, cedrino-
side, dihydromyricetin, and cedeodarin were explored in the ce-
darwood [29]. Besides these phytoconstituents, some lignans like
cedrusinin, wikistromol, dibenzylbutyrolactol, and benzyrolactol

have been reported in cedarwood powder [19].

Anti-cancer properties
Traditionally, Cedar was utilized in curing colon, ovarian, and

liver carcinoma [10,19,29]. In an investigation, remarkable con-

centration-dependent suppression was observed in colon, pros-
tate, liver, cervix, neuroblastoma, and breast cells at 10, 30, and
100 pg/ml of lignan concentration. On comparing the IC  values,
each constituent (wikistromol, matairesinol, and Benzylbutyro-
lactol) of C. deodara lignan compositions demonstrated cytotoxic
efficacy by synergism effect [19]. The cytotoxic efficacy of phyto-
constituents isolated from Cedar was accompanied by the trigger-
ing of cell death [19]. In another study, the MTT assay evaluated
the cytotoxic efficacy of total flavonoids (needles) and indicated
a dose-dependent inhibitory activities in liver carcinoma HepG2
cells at IC,; of 114.12 pg/ml. The study revealed total flavonoids
exhibit cytotoxic efficacy by regulating the cell cycle and triggering
cell death (Figure 16) [30].
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Figure 16: Mechanism of action C. deodara total and essential oils induced cell death in cancer cells [10,30].
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Another study revealed the in-vitro anticancer efficacy of C. deo-
dar essential oil against colon cancer HCT-116 (IC,:11.88 pg/ ml)
and SW-620 (IC,:14.63 pg/ ml) cells. It was reported that essen-
tial oil’s cytotoxic efficacy might be accredited to the termination
of the NFKB signaling route which suppressed cancer cells’ growth

thereby instigating their demise [10].

Future Prospectives and Conclusion

After reviewing the existing literature available on the floras
of the Himalayan region it has been concluded that the Himala-
yan region is extremely abundant in medicative floras. Most of
these medicinal herbs including Aconitum hetrophyllum, Angelica
glauca, Bergenia ciliata, Cedrus deodara, Coptis teeta, Gentiana kur-
roo, Lilium polyphyllum, Osmunda regalis, Nardostachys jatamansi,
Podophyllum hexandrum, and Saussurea costus, are endemic to the
Himalayas. Since ancient times, many of these plants including
Bergenia ciliata, Cedrus deodara, Osmunda regalis, and Saussurea
costus have been used in treating several diseases and disorders
including cancer without causing any serious side-effect. The anti-
cancer efficacies of these medicative floras are due to existing sec-
ondary metabolites or bioactive compounds including flavonoids,
polyphenols, tannins, lignans, and essential oils. In addition to
anticancer properties, these plants also have anti-diabetic, antimi-
crobial, antioxidant, hepatoprotective, and several other medicinal
benefits. But, many of the endemic medicinal plants are still not
documented. Hence there is a greater need of documenting and
establishing a record of the current status of medicative floras en-
demic to the Himalayas and to explore their hidden potential, bio-
active compounds, and mechanism of anticancer activity in order

to develop newer herbal drugs useful in cancer treatment.
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