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Abstract: Cancer is a major cause of death worldwide, as exemplified by millions of cancer diagnoses
every year. The use of chemotherapy in treating cancer has many disadvantages which include
recurrence of cancer, associated with drug resistance, and severe side effects that are harmful to the
patients. A better source of anticancer drugs can come from nature. Strobilanthes crispus (S. crispus) is
a herbal medicinal plant that is indigenous in Madagascar and the Malay Archipelago. The plant
possesses high vitamin and mineral content as well as phytochemicals—like phenols, catechins,
tannins, and flavonoids—that are known to have therapeutic effects. Numerous preclinical studies
have reported very versatile pharmacological effects of this plant, such as anticancer, antimicrobial,
antioxidant, anti-angiogenesis, anti-diabetes, anti-ulcerogenic, and wound healing. Herein, this
paper reviews the anticancer properties of S. crispus, providing information for future research and
further exploration.
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1. Introduction

Cancer refers to uncontrolled cellular growth which is mainly caused by genetic
and environmental factors [1]. Hanahan et al. enumerated six hallmarks of cancer as
resistant to necrosis or apoptosis, persistent signals of cell proliferation, escape from
growth-suppressing factors, uncontrolled cellular replication, sustained blood supply, and
lastly capable of metastasizing [2]. Thus, it is very challenging to remove the cancerous cells
thoroughly from the cancer patients. Not surprisingly, cancer is the second leading cause of
deaths worldwide and the cancer burden is still continuously growing [3]. Common types
of cancer include lung cancer, breast cancer, colorectal cancer, prostate cancer, stomach
cancer, and liver cancer [4].

Various therapies have been developed for cancer treatments. For example, chemother-
apy, radiation therapy, hormonal therapy, stem cell transplantation, and surgery [1,5].
However, these treatments usually come with severe side effects, such as severe pain,
fatigue, becoming debilitated, anemia, leukopenia, cardiotoxicity, and even opportunistic
infections [1,5-7]. Therefore, it is important to seek for alternative treatment strategy that
would bring a similar anticancer effect but with less severe side effects.

Natural plants have been traditionally used or consumed by humans as a method in
aiding the recovery from illnesses [8]. Phytotherapy, also known as herbal medicine or herbal-
ism, is the use of plants’ extracts for either treatment or health-promoting purposes [8-10].
To date, various plant extracts have been discovered to confer medical benefit (as shown
in Table 1). Various solvents have been used in the plant extraction processes. The choice
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of solvent depends on which compound is desired in the extract. Furthermore, the solvent
chosen should not affect the test models. Toxicity of the solvent should be carefully considered
before selecting the solvent. Usually, the solvent will be removed from the extract in the
extraction process for use.

Table 1. Examples of plants that possess medical properties !.

Scientific Name & Common Name Extracts Therapeutic Effects

Camellia sinensis

Anti-obesity and anti-hyperuricemia, anti-oxidative,
Epigallocatechin Gallate (EGCG) anti-viral, anti-bacterial, anti-infective, anti-angiogenic,

(Green Tea) anti-inflammation, anti-cancer [11-15].
Curcuma l?nga Curcumin Anti-cancer, anti-inflammation, anti-oxidant [8,16-18].
(Turmeric)
](Eg(l)lrszCleoav:}e)g Echinaforce Anti-oxidant, anti-microbial, anti-inflammation [19,20].
Garcinia spp. . . R . . .
(Brindleberry, Kudam Puli) Gambogic Acid (GA) Anti-oxidative, anti-inflammation, anti-cancer [21-23].
Panax ginseng Cinsenosides Anti-inflammation, anti-oxidant, anti-diabetic,
(Asian Ginseng) anti-cancer [24-27].
Salvia miltiorrhiza . Anti-inflammation, anti-cancer and anti-atherosclerotic
Tanshinones
(Red Sage, Danshen) activities, cardiovascular protection [28-31].
Tripterygium wilfordii Triptolide Anti-inflammation, anti-oxidative, anti-cancer [32-34].

(Thunder God Vine)

! Data are obtained from Luo et al. [35].

Strobilanthes crispus, which is a shrub belonging to the family of Acanthaceae, is natu-
rally found in Madagascar as well as the Malay Archipelago [36,37]. It is also commonly

Vi /i

known in local dialects as “pecah beling”, “pecah kaca”, “keji biling”, “bayam karang”,
“pokok ngokilo”, “lidah jin”, or “jin batu” [37,38]. This plant normally grows alongside the
river or in uninhabited fields [38]. The leaves of the plant are oblong-lanceolate in shape,
rather obtuse and shallowly crenate-crispate [39]. The upper surface of the leaves is rough,
darker green in color, and covered by short hair [37,39]. As for the flowers of S. crispus, they
are yellow in color and have the characteristics of short, dense, and panicled spikes [39,40].

S. crispus is conventionally known as a folklore medical plant in Indonesia and also
Malaysia. This plant is consumed by the people either freshly or by boiling in water like
tea. The tea tastes slightly bitter due to the high content of cystoliths of calcium carbonate
and the alkaline infusion gotten from this plant [37,38,41]. They customarily ingest this
plant as a remedy for various diseases or medical conditions—such as diabetes, calculi
(kidney stones), hypertension, and constipation—as well as to enhance immunity in order
to prevent the development of cancer [37,41,42].

Many studies have reported that S. crispus contains numerous phytochemicals (as
shown in Table 2) and the identified compounds have been proven scientifically to possess
various favorable medical properties, such as anti-oxidant [43-45], anti-microbial [46,47],
anti-diabetic [48,49], anti-ulcerogenic [50], as well as wound healing [51,52]. Most impor-
tantly, according to a number of studies carried out, the results showed that this plant
also exhibited anti-cancer features. This is particularly significant since cancer is still a
tremendous burden and it has caused millions of death worldwide. Thus, this review
article aims to collect and compile scientifically proven information of S. crispus in order to
provide an overall review of this plant relating to its anti-cancer properties against various
types of cancers. A section on its toxicological studies is also included.
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Table 2. Notable phytochemicals isolated from S. crispus.

Part of S. crispus

Phytochemicals

References

Leaf

Proximate Analysis (%)
Crude Fibre: 13.9 £ 0.6
Protein Content: 13.3 + 0.9
Total Carbohydrate: 4.3 4 0.7

Minerals (mg/100 g sample)
Potassium: 10,900 + 498
Calcium: 5185 + 359
Sodium: 2953 + 60
Iron: 255 & 163
Phosphorus: 201 & 22

Vitamins (%)
Ascorbic Acid (C): 9.8 1.2
Thiamin (B1): 0.14 £ 0.001
Riboflavin (B;): 0.11 + 0.04

Other components (%)
Alkaloid: 3.2 + 0.60

Catechin: 1.18 + 0.08
Tannin: 1.0 & 0.30

Maznah et al. [43]

Leaf

Flavonoid Content (%): 3.98

Contents of Flavonoid (mg/g)
Kampferol: 19.45
Luteolin: 12.52
Rutin: 8.47
(+)-Catechin: 4.83
(-)-Epicatechin: 4.55
Myricetin: 4.10
Apigenin: 3.75
Naringenin: 3.63

Liza et al. [53]

Leaf

Contents of Phenolic Acids
Caffeic acid
Ferulic acid
Gentisic acid
p-caumeric acid
p-hydroxybenzoic acid
Syringic acid
Vanilic acid

Ester glycoside: Verbascoside

Soediro et al. [54]

Leaf

Methanol extract
Hexadecanoic acid, methylester: 12.11%
3-octadedecyne: 9.25%
Stigmasterol: 7.89%
a-sitosterol: 7.08%
Phytol: 3.78%
Lupeol: 3.60%
3,7,11,15-tetramethyl-2-hexadecen-1-ol: 3.48%
And others

Aqueous extract
Nitrous Oxide: 21.44%
Cyclobutanol: 13.56%
Monoethanolamine: 5.53%
n-propylacetate: 5.38%
hydrazine carboxamide: 3.32%
3,5-dithiahexanol 5,5-dioxide: 3.09%
And others

Muslim et al. [44]
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Table 2. Cont.

Part of S. crispus Phytochemicals References
9,12,15-Octadecatrienoic acid, (Z,Z,7)-:26.21%
Squalene:26.11%
Stigmasterol:10.93%
Leaf Vitamin E: 9.75%

y-sitosterol: 6.70%
Campesterol: 3.57%
And others

Lupeol: 25.58%
9,12-octadecadienoic acid (Z,Z)-: 14.41%
Stigmasterol: 13.23%
Stem y-sitosterol: 8.47%
Campesterol: 4.85%
Vitamin E: 3.18%
And others

-amyrin: 49.26%
Heneicosane: 5.55%
Stigmasterol: 5.30%
Root Eicosane: 2.87%
9-Octadecenamide, (Z)-: 1.75%
Squalene: 1.04%
Bis(2-ethylhexyl) phthalate: 0.16%

B-humulene: 26.22%
4,22-Stigmastadiene-3-one: 9.08%
Stigmast-4-en-3-one: 5.56%
Callus 2-methyl-Z,7-3,13-octadecadienol: 2.03%
Stigmasterol: 1.86%
Cis,cis,cis-7,10,13-hexadecatriena: 1.82%
And others

Cheong et al. [55]

2. Anticancer Properties of Strobilanthes crispus against Various Cancers
2.1. Breast Cancer
2.1.1. In Vitro Studies

Breast cancer is the presence of malignant breast nodule, mass or abscess. The lump or
mass is usually painless, hard and irregular in shape. However, it can also be tender, soft,
rounded, or painful. Muslim et al. evaluated the cytotoxic and anti-angiogenesis effects of
S. crispus on MCEF-7 and T-47D cells by using the aqueous and methanolic extracts of its
leaves. Water is a suitable solvent for the extraction of polar compounds while methanol has
been identified as an effective solvent that resulted in a high extraction yield. Cytotoxicity
test showed that IC50 of the aqueous extract was 120.7 ug/mL for MCF-7 cells whereas
IC50 values of the methanolic extract were 160.16 pg/mL and 121.53 pg/mL for MCFE-7
and T-47D cells respectively. In addition, both extracts showed positive anti-angiogenesis
effects based on ex vivo rat aortic ring assay. The aqueous extract was reported to have
stronger anti-angiogenesis effect where it showed 16.67 £ 8.11% of inhibition while the
methanolic extract inhibited 6.25 4= 3.6% of angiogenesis. The concentration of both extracts
was at 100 pg/mL. The anti-angiogenesis effect exhibited by the plant was likely to be
contributed by the presence of the antioxidant phytosterol compounds such as x-sitosterol
(7.08%), phytol (3.78%), campesterol (2.63%), and stigmasterol (7.89%) [44].

Yaacob et al. did a research on evaluating the anticancer activity of a sub-fraction
of dichloromethane extract (remarked as SC/D-F1, SC/D-F2, SC/D-F3, ... ,SC/D-F15)
of S. crispus on MCF-7 and MDA-MB-231 breast cancer cell lines. Dichloromethane is
not miscible with water. It is able to dissolve a wide range of organic compounds and
useful for lipid extraction. In this study, 15 dichloromethane sub-fractions were obtained
by using thin layer chromatography. LDH Cytotoxicity Detection Kit was used to measure
the cytotoxicity. Among these fractions, SC/D-F9 showed the most cytotoxicity in which
it had the lowest EC50 values of 8.5 ug/mL and 10.0 ug/mL, respectively on MCF-7 and
MDA-MB-231 cells, compared to the others. A comparison between this particular sub-
fraction and tamoxifen (a chemotherapeutic drug) was also made regarding the ability to
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induce cellular death. The results showed that at the EC50 value of 8.5 pg/mL, SC/D-F9
induced 44% MCEF-7 cell death in 24 h and 57% MCE-7 cell death in 48 h. Tamoxifen
only induced substantial death (similar to that of SC/D-F9 in 48 h) at high concentration
(15 uM). As for the MDA-MB-231 cells, SC/D-F9 induced 80% cell death within 48 h at the
EC50 value of 10.0 ng/mL, corresponding to the effect of tamoxifen at the concentration
of 15 uM on the particular cell line. Since MCF-7 and MDA-MB-231 are estrogen receptor
(ER)-dependent and ER-independent cell lines, respectively, the results suggested that the
tumoricidal effects of SC/D-F9 is independent of the expression of estrogen receptor on the
cells. In addition, the authors stated that SC/D-F9 caused cell death by inducing apoptosis
through a signaling pathway involving caspase 3 and/or 7, which was proven by using
fluorescence staining. Most importantly, the sub-fraction, SC/D-F9 was non-cytotoxic to
normal breast epithelial cell line (MCF10A) with treatment up to 72 h while tamoxifen
caused the cell death significantly. Hence, it can be inferred that SC/D-F9 has the more
potent effect than the commonly used drug, tamoxifen in terms of causing the cancer cell
death [52]. It was quoted that the cytotoxicity was due to the high content of gallic acid
(phenol, 29.0 £ 0.867 mg/g) and catechin (flavonoid, 59.0 & 0.333 mg/g).

Chong et al. did an investigation on the ethanol extract of S. crispus leaves on MCF-
7 and MDA-MB-231 cells. Ethanol has been known as a good solvent for polyphenol
extraction. The results showed that the ethanol extract was not effective against MDA-
MB-231 cells (IC50 > 100 pg/mL). On the other hand, the extract was able to exert anti-
proliferative and cytotoxic effects on the MCEF-7 cells detected by using MTT and BrdU
assays at the IC50 concentration of 30 ug/mL. It was found that 12% of the cells were
arrested at sub-G1 phase after extract treatment at 24 h and increased to 35% at 48 h
followed by 47% at 72 h. The induction of apoptosis by S. crispus was identified using
TUNEL assay which showed that 30% of cells were TUNEL positive after 48-h exposure
and 50% were TUNEL positive after 72-h exposure to treatment. Furthermore, the ethanol
extract of S. crispus also caused a significant increase (p < 0.05) in the concentration of
cytochrome c after 24 to 36 h of exposure. There was also an increase in the level of initiator
caspase 9 after 6- and 36-h exposure although it was not significantly different (p > 0.05)
as compared to the control cells. Level of active caspase 3/7 after 48- and 72- exposures
were also significantly elevated (p < 0.05). The level of cyclin dependent kinase (CDK) 2
and cyclin dependent kinase 4 were also significantly increased (p < 0.05) after treatment
for 24 h. In addition to that, the expression of tumor suppressor p53 gene was upregulated
significantly (p < 0.05) and the level of XIAP (an apoptosis inhibitor) was downregulated
significantly (p < 0.05) after 48 h of exposure. The author suggested that S. crispus extract
induced DNA fragmentation and thus apoptosis through mitochondrial activated apoptosis
pathway involving CDK2, CDK4, and p53. The author also proposed that stigmasterol
may be the factor inducing p-53 mediated apoptosis in MCF-7 cells [56].

Rahmat et al. examined the anti-proliferative effects of the extracts from S. crispus
leaves (catechin, ethanol, methanol, chloroform, hexane, and ethyl acetate) as well as
two bioactive compounds ([3-sitosterol and stigmasterol) isolated from the leaves of this
plant on MCF-7 and MDA-MB-231 cells [57]. The solvents used in the extraction are with
different polarities, and hence would be able to extract different compounds from the plant.
The cytotoxicity test revealed that all the extracts required a large dose (IC50 > 100 pug/mL)
to exert the anti-proliferative effect on MCF-7 cells with the exception of methanol extract.
The methanol extract exhibited the anti-proliferative effect on MDA-MB-231 cells with
IC50 value of 27.2 ng/mL. The findings also showed that 3-sitosterol had a better effect on
MCE-7 cells (IC50 = 71.2 uM) compared to MDA-MB-231 cells (IC50 > 247.5 uM). As for
stigmasterol, it had similar anti-proliferative effect on both MCF-7 and MDA-MB-231 cells
with IC50 values of 156.0 and 185.9 uM, respectively.

Baraya et al. studied the anti-migration, anti-invasion and anti-metastasis effects of
S. crispus leaves in MDA-MB-231 breast cancer cells by using a standardized sub-fraction
called F3 [58]. F3 contained a variety of constituents, including [3-sitosterol, stigmasterol,
campesterol, lutein, pheophytin a, 131-hydroxy-132-oxo-pheophytin a, and 132- hydroxy-
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pheophytin a. The results showed that F3 exerted anti-proliferative effect with the IC50 value
of 84.27 pug/mlL after 24 h of exposure and 74.41 pg/mL after 48 h of exposure. In terms
of anti-migration effect, F3, with the concentration of 50 ng/mL and higher, remarkably
(p = 0.018) inhibited the migration of the cancerous cell in a dose- and time-dependent manner.
F3 also significantly (p = 0.04) inhibited the invasion in a dose-dependent manner when the
cells were treated with above 50 pug/mL of this extract. The anti-metastatic effect of F3 was
evident in in vivo experiment with the observed downregulation of the six metastatic markers.
MMP-9, MUC-1, N-cadherin, twist, VEGF, and vimentin were significantly (p < 0.05) reduced
in F3-treated tumor-bearing mice compared to the untreated group. On the other hand, F3
also caused significant upregulation (p < 0.002) of E-cadherin expression, a negative diagnostic
biomarker of breast cancer, as compared to untreated group.

In another study, the effects of a bioactive sub-fraction of S. crispus (SCS) leaves and its
combination with tamoxifen in terms of cell cycle modulation on MCF-7 and MDA-MB-231
cells were analyzed by using flow cytometry [59]. With the concentration of 8.5 pg/mL
or 10.0 pg/mL, SCS astonishingly increased (p < 0.05) the percentage of MCF-7 cells in G1
phase (73.4%) and G2/M phase (9.4%) while reducing the percentage of cells in S phase
(17.2%) compared to the corresponding phases in untreated cells (58.7%, 5.4%, and 35.9%,
respectively). On the other hand, tamoxifen (5 uM) caused the MCF-7 cells to be arrested
in G1 phase (72.8%) and reduced the percentage of the cells in S phase (22.3%) compared to
untreated cells. As for the combination of SCS with tamoxifen (8.5 pg/mL or 10.0 ug/mL
of SCS combined with 5 uM of tamoxifen), the percentage of cells arrested in G1 phase
was 70.6% and the percentage in S phase was reduced to 23.1%. As for MDA-MB-231
cells, SCS caused remarkable (p < 0.05) accumulation of cells in G1 phase (74.0%) while
reducing the percentage of cells in S phase (19.4%) compared to the corresponding phases
of untreated controls (51.3% and 34.8%, respectively). It had no effect on the percentage
of MDA-MB-231 cells in G2/M phase. For the same cells treated with tamoxifen, the cell
population in G1 phase was increased to 63.5% while the percentage of cells in S phase was
decreased to 26.4%. The effects of SCS combining with tamoxifen was also noticeable in
increasing the percentage of the cells in G1 phase (70.2%) as well as in decreasing the cell
population in S phase (18.9%). The research group also investigated the expression of cell
cycle regulatory proteins. The results revealed that in MCFE-7 cells, SCS induced an increase
in cyclin D1, p21 and p53 proteins, and a decrease in cyclin E after 24-h treatment while it
did not induce any significant change in level of cyclins A and B. For 48-h treatment, there
was an unexpected decrease in cyclin D1 expression. Similar observations were obtained
when using tamoxifen alone or combination with SCS. As for MDA-MB-231 cells, SCS
and the combination with tamoxifen caused a reduction in cyclin D1 expression. Cyclin E
expression was also observed to be decreased but cyclin B expression was slightly increased
after 48 h of combination treatment. Taken all together, it was revealed that the growth
inhibitory effects of S. crispus on both MCF-7 and MDA-MB-231 cells are analogous to
tamoxifen and this plant has synergistic effects with tamoxifen in treating breast cancer.

Another study done by Gordani et al. investigated the anti-proliferative effects of
S. crispus on MCE-7 cells using different extracts (methanol, hexane, chloroform, ethyl
acetate, and aqueous extracts) from the leaves and the stem of the plant [60]. Results of
MTT assay indicated that the aqueous extract of the leaves and the ethyl acetate extract of
the stem had the strongest anti-proliferative activity with the IC50 values of 23 pg/mL and
38 nug/mL, respectively. Besides that, the methanol and chloroform extracts of the leaves as
well as the chloroform extract of the stem also showed moderate inhibition with the IC50
values of 74, 80, and 86 pg/mL, respectively.

Koh et al. also evaluated the anticancer mechanisms of S. crispus hexane extract on
MDA-MB-231 cells [61]. In this study, leaf chloroform (LC), leaf ethyl acetate (LEA), leaf
hexane (LH), leaf methanol (LM), stem chloroform (SC), stem ethyl acetate (SEA), stem
hexane (SH), and stem methanol (SM) extracts were used. Figure 1 shows the steps of plant
extraction. Results of MTT assay showed that SH showed strong inhibition against the
cancer cells with the IC50 value of 42.50 ng/mL while LH showed mild anti-proliferative
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activity with the IC50 value of 192.50 ug/mL. However, the other extracts showed no
cytotoxic effects on the cancer cells. The IC50 value of SH (42.50 pug/mL) was lower than
that of 5-flurouracil (5-FU). Selectivity index (SI) was determined in which both SH and LH
had no good selectivity (0.26 and 0.44 respectively) towards the cancer cells over normal
cells. However, 5-FU even had a worse selectivity (0.16) than the two extracts. Since SH had
the lowest IC50 value, this extract was further studied to investigate its effects on cell cycle
modulation. SH slightly increased the cell population in Sub-G and S phases (5.04% and
8.57%, respectively) while reducing the percentage of G0/G1 phase (57.86%) compared to
control groups (0.56%, 0.94%, and 70.25%, respectively). The percentage of the cells treated
with SH in G2/M phase was similar to that of the control groups. However, the differences
of cell cycle phases between the control and treated groups were not statistically significant.
Besides the effects on cell cycle arrest, SH delayed the cell doubling time (p > 0.05) in which
it caused a 2.5-fold delay in cell proliferation (control group: 25.22 £ 8.40 h; SH-treated
group: 62.63 & 32.33 h) when treated at the IC50 value. However, the cell doubling time
was significantly (p < 0.05) delayed to a longer time (84.87 £ 40.55 h) when the cells were
treated with double IC50 value. The effects of SH on caspase-8 activation, which is involved
in apoptotic pathway, were also studied and the results showed that 1.05-fold increase was
induced although it was not statistically significant. In short, the findings suggested that
stem hexane extract showed the most potent activity on anticancer property through cell
cycle arrest at Sub-G and S phases which eventually leads to apoptosis through caspase-8
activation. The effects were said to be contributed by the presence of stigmasterol and
(-sitosterol which are more effectively extracted in hexane.

g% Grind  3lr. PR
tems

Dried Dried Leaves S

leaf stem owder owder
; P Soak in hexane for

72 hours

l Evaporation Hexane
: .
Filtration —————» extract

|

Soak in chloroform for
72 hours

l Chloroform
Evaporation extract
Filtration ————»

Soak in ethyl acetate
for 72 hours

l Ethyl
Evaporation acetate
Filtration ————»

l

Soak in methanol for
72 hours

extract

l Methanol
Evaporation extract
Filtration ————»

Figure 1. Steps of plant extraction from Strobilanthus crispus leaves and stems. Dried leaves and
stems were separated, crushed into fine pieces and then ground into powder form. The extraction
was performed by mixing 500 mL of the first solvent into 100 g of powdered leaves or stems, and
then macerating in the dark at room temperature for 72 h. The suspensions were filtered and then
evaporated to obtain the first crude extract. The residues were then macerated in the second solvent
and the processes were repeated to obtain the second extract. Eventually, the extracts obtained were
as follows: leaf hexane (LH), leaf chloroform (LC), leaf ethyl acetate (LEA), leaf methanol (LM), stem
hexane (SH), stem chloroform (SC), stem ethyl acetate (SEA), and stem methanol (SM).
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Endrini et al. evaluated the cytotoxic effect of y-sitosterol isolated from the leaves
of S. crispus on MCF-7 cells by using MTT assay [62]. This bioactive compound had
positive effect with IC50 value of 28.8 ug/mL. Another study done by Fadzelly et al.
investigated the anti-proliferative effect on MCF-7 and metastatic MDA-MB-231 cells by
using unfermented and fermented tea made from young and old S. crispus leaves [63]. The
results showed that the hot water extract of both unfermented and fermented tea from old
leaves demonstrated cytotoxic effects on MCF-7 cells with IC50 values of 80.5 ug/mL and
72.5 pg/mlL, respectively. However, in MDA-MB-231 cells, no extracts showed considerable
effects (IC50 > 100 pg/mL). This study suggested that consumption of either unfermented
or fermented S. crispus tea made from old leaves could serve as an additional nutraceutical
treatment in breast cancer patients.

In an investigation of the cytotoxic properties of essential oil from S. crispus, the results
of MTT assay indicated that the essential oil from the plant had no effect on both MCF-7
and MDA-MB-231 cells [64]. Ng et al. also studied the methanolic leaf extract of the plant
against T-47D cells and the results showed that the extract was effective against the cells
with IC50 value of 99.83 + 4.75 pug/mL [65].

2.1.2. In Vivo Studies

Yaacob et al. studied the anti-tumor effects of dichloromethane fraction (F3) of S. cris-
pus on N-methyl-N-nitrosourea (NMU)-induced rat mammary tumor models [66]. In this
study, 15 inbred female Sprague Dawley rats (36 days of age) were obtained and 10 rats
were injected with NMU intraperitoneally in three weekly doses of 50 mg/kg body weight
starting from 43 days of age. The results showed that 75% of the F3-treated rats were
observed with complete tumor regression and the remaining (25%) rats were observed
with partial tumor regression compared to the untreated control (p < 0.05). The significant
reduction of tumor volume (p < 0.01) was found in the beginning of the fourth week of
treatment. In addition, no recurrence of tumor and no complications were observed in the
animals throughout the study. Nevertheless, the average tumor weight at necropsy was
not significantly different from the untreated group. Also, significant incidental weight
loss in the F3-treated rats was observed but the values were similar to the untreated group.
In conclusion, administration of the dichloromethane fraction, F3, was found to effectively
alleviate the overall tumor burden in NMU-induced rat mammary model compared to
untreated group.

Immunomodulatory effects of the dichloromethane fraction (F3) of S. crispus were
evaluated by Yankuzo et al. In terms of cellular immune parameters, the results showed
that administration of F3 significantly increased (p < 0.05) the number of infiltrating CD4+
and CD8+ immune cells as well as the expression of CIITA and MHC-II on the mammary
cancer cells compared to the untreated group. In addition to that, the serum level of
chemokine ligand 2 (CCL2) was found to be significantly decreased (p < 0.05) after eight
weeks of treatment, while the level of interferon gamma (IFN-y) was increased the most
among the 34 cytokines examined, although it was not significant (p = 0.083) [67]. The
author suggested that a rise in the number of IFN-y activated more CD4+ and CD8+
immune cells, accompanied by upregulation of CIITA expression which in turn promoted
the expression of MHC-II molecules that are responsible for the binding of CD4+ T cells,
could lead to the destruction of the mammary tumor [68-72].

2.2. Liver Cancer
2.2.1. In Vitro Studies

Liver cancer is cancer that arises from the cells of liver. The most common type of
liver cancer is hepatocellular carcinoma. The signs and symptoms of liver cancer include
lump in the right upper abdomen, jaundice, abdominal pain, weight loss, and fatigue. A
previous research has investigated the anti-proliferative effects of the catechin, ethanol,
methanol, chloroform, hexane, and ethyl acetate extracts of S. crispus leaves as well as two
isolated bioactive compounds, 3-sitosterol and stigmasterol, on HepG-2 cancer cells [57].
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The results of MTT assay showed that methanolic and chloroform extracts exerted the best
effects with the IC50 values of 29.3 ug/mL and 28 ug/mL, respectively, while the other
extracts required large doses (IC50 > 100 ug/mL). As for the two bioactive compounds,
(3-sitosterol, with the IC50 value of 53.0 uM, showed better effect than stigmasterol which
had IC50 value of 182.0 uM.

Another study has examined the cytotoxic effects of different solvent extracts (hexane,
chloroform, ethyl acetate, methanol, and water) of the leaves and the stems of S. crispus in
HepG-2 cells [61]. Among the leaf extracts, chloroform and ethyl acetate extracts showed
mediocre effects with similar IC50 values (175.70 £ 35.40 pg/mlL, 176.70 &+ 15.30 pg/mL,
respectively) while no noticeable effects were exhibited by the other extracts. Among the
stem extracts, hexane extract showed the best cytotoxic effect (IC50 = 38.80 + 8.50 pg/mL),
followed by chloroform extract (IC50 = 173.30 £ 5.80 pg/mL) while the others showed
no significant cytotoxic effect. Besides that, the selectivity indexes (SI) of the chloroform
leaf extract (1.05) and chloroform stem extract (>1.15) were higher than those of the other
extracts. Stem hexane extract, which had the most potent cytotoxic effect, was further
investigated for its effect on cell cycle progression and cell doubling time. Stem hexane
extract at IC50 dose (38.80 & 8.50 ug/mL) had no significant effect in cell cycle progression
and cell doubling time. However, significant increase (p < 0.001) in the cell doubling time
(control group: 17.86 4= 0.96 h; 2 x IC50 treated-group: 89.18 h) was observed when the
treatment concentration was double the IC50 value. As for the cell cycle modulation,
stem hexane extract-treated cells also had a significant increase (p < 0.05) in GO/G1 phase
and significant decrease (p < 0.05) in sub-G, S, and G2/M phases. Caspase-8 activity
was also significantly elevated (p < 0.01). Thus, the author concluded that stem hexane
extract demonstrated the highest potential in anti-cancer effect through arresting the cells
at GO/GI1 phase and eventually induced caspase 8-mediated apoptosis. The anticancer
property might be due to the presence of stigmasterol and (3-sitosterol which were extracted
more effectively in hexane solvent.

Endrini et al. examined the anticancer effect on HepG-2 cells using y-sitosterol and
the result showed that it exerted positive effect with IC50 value of 21.8 pg/mL [62]. This
compound also inhibited the expression of c-myc gene. In another study, the effect of
chloroform leaf extract on apoptotic pathway was investigated by using TUNEL assay
which employed fluorescein [73]. Measures of 20 and 30 pug/mL of the chloroform extracts
were used to treat the cells. Condensation of nuclei, fragmentation of DNA and apoptotic
bodies were observed in the cells treated with 20 pg/mL extract and these observations
were more pronounced in the cells treated with 30 ug/mL extract, suggesting that apoptosis
was induced by the chloroform leaf extracts as its mechanism of action.

Hussin et al. explored the anticancer mechanisms on DNA damage, apoptosis, and
gene expression in HepG-2 cells by using S. crispus juice at different concentrations (0.001%,
0.01%, 0.1%, 1%, and 10%) [74]. The MTT assay results showed that the cytotoxicity effect
was dose- and time-dependent. The cell cycle was arrested at sub-G1 phase and apoptotic
death was increased in the cells treated with juice at 0.1% and more. The number of cell
death had 5-, 7-, and 10-fold changes at the concentrations of 0.1%, 0.4%, and 1.0% as
compared to untreated cells. This was evident by the significant (p < 0.01) increase of cell
population in sub-G1 phase from 3% to 25% and decreased of cell population in G2/M
phase from 33% to 7%. The extent of DNA damage increased significantly in relation to the
doses above 0.1% (p < 0.05). Treatment with 0.1%, 0.4% and 1% concentrations increased the
c-myc gene expression but decreased both c-fos and c-erbB2 gene expressions, as compared
to the controls. It was concluded that S. crispus juice exerted its cytotoxic property by
inducing apoptosis in the cells through modulation of c-myc, c-fos, and c-erbB2 genes.

Tan et al. tested the photocytotoxic effect of the methanolic leaf extract of S. crispus
on HepG-2 cancer cells using photodynamic therapy (PDT) [75]. The cells were incubated
with the extract for 2 h prior to illumination with light at 660 nm for 10 min. There was no
significant cell death after 2-h incubation with the methanolic extract. Interestingly, after
light activation, treatment with methanolic extracts (3.125, 6.25, 12.5, 25, 50, and 100 pg/mL)
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exhibited positive anti-proliferative effect with the IC50 value of 8.51 = 0.70 pg/mL. Un-
der microscopic observation, the extract-treated cells showed features of cell shrinkage,
membrane blebbing and cell debris. The author proposed that the anticancer effects of
the extract might be contributed by the presence of flavonoids, phenolic acids, saponins,
and tannins.

Another study done by Ng et al. tested the cytotoxicity effect of the methanolic leaf ex-
tract on Hep-G2 cells [65]. The findings showed that the extract had poor anticancer activity
against the cancer cells with IC50 value of 111.52 £ 2.56 pg/mL. Similarly, Muslim et al.
found that both methanolic and aqueous extracts of the leaves required high concentration
(IC50 > 200 ug/mL) to exert the cytotoxic effect on Hep-G2 cells [44]. Rahmat et al. studied
the cytotoxic effects of the essential oil extracted from S. crispus leaves against Hep-G2 cells
and the result showed that the essential oil had no effect against the cells [64].

2.2.2. In Vivo Studies

Hanachi et al. investigated the effect of S. crispus leaf extract (SC) on the lesion scor-
ing and P450 isoenzyme activity in the liver of diethylnitrosamine/acetylaminofluorene
(DEN/AAF)-induced hepatocarcinoma rats. The results showed that the grade of inflam-
mation and necrosis for the untreated DEN/AAF-induced liver cancer group was the
highest, which had scored 2.3. This is followed by the glycyrrhizin-treated group, which
had the score of 2.0. SC-treated group had a score of 1.0. The portal of SC-treated group had
inflammation, but no necrosis was found. As for the score of lobular necrosis, untreated
DEN/AAF-induced liver cancer group, with the score of 2.3, was found significantly differ-
ent (p < 0.05) as compared to the SC-treated cancer groups and three normal groups. In the
SC-treated group with the score of 1.0, inflammation without necrosis was observed and
some area was normal without inflammation, which also had significant difference with all
other groups (p < 0.05). Hereof, SC exhibited a positive effect on reducing inflammation
and necrosis. As for the P450 isoenzyme activity evaluation, SC-treated group was found
to have insignificant decrease in level of aniline hydroxylase activity (p < 0.05) which was
near normal level. The detoxification activity of glutathione s-transferase (GST) was also
studied and the results indicated that the SC-treated group had a significant decrease
(p < 0.05) of GST activity in the liver cytosol after 12 weeks. In addition, the findings on
the investigation of the stage of fibrosis showed that the score of fibrosis was significantly
higher (p < 0.05) in untreated cancer groups than that of normal control groups. On the
other hand, the stage of fibrosis was significantly lower (p < 0.05) in the SC-treated cancer
groups as compared to the untreated cancer groups. No changes were found in the hepato-
cytes of normal rats after supplemented with SC. Taken together, these results suggested
that 5.0% (w/v) S. crispus leaf extract exhibited anticancer effect by reducing the activity of
aniline hydroxylase and glutathione s-transferase (GST) in liver cancer cells [76-78].

Suherman et al. also studied the effect of the aqueous extract of S. crispus leaves in the
DEN/AAF-induced rats by examining the concentrations of plasma and liver enzymes,
which are y-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), and glutathione
(GSH) [79]. After determining the enzyme level, the results showed that in the DEN/AAF-
induced cancer groups (C), there were significant increases (p < 0.05) in the levels of GGT,
ALP, and GSH as compared to the normal control group (N). On the other hand, all the SC
supplemented-diet and glycyrrhizin-treated (all doses) groups had significantly decreased
(p < 0.05) the levels of the three enzymes. In the same study, the effects of SC leaf extract on
the activity of two other enzymes, glutathione s-transferase (GST) and uranyl diphosphate
glucoronyl transferase (UDPGT) were also examined. According to the findings, the level
of cytosolic GST and microsomal UDPGT was significantly high (p < 0.05) in the cancer
groups (C) as compared to the normal control group (N). All the SC supplemented-diet
and glycyrrhizin-treated groups caused significant reduction (p < 0.05) in the activity of
both GST and UDPGT enzymes. Histologically, 5% of S. crispus aqueous extract showed a
better effect than 1%, 2.5%, and 7.5% of the extracts, as the 5% extract caused the greatest
reduction in the lesion scoring [80]. More importantly, administration of SC extract did not
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physiologically and histologically affect the liver in normal rats in both studies. Hence,
these studies demonstrated that S. crispus leaf extract, at the optimum dose of 5% (w/v),
is able to alleviate the severity of liver cancer by lowering the activity of y-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP) and glutathione (GSH), glutathione
s-transferase (GST), and uranyl diphosphate glucoronyl transferase (UDPGT) [79,80].

2.3. Colon Cancer
2.3.1. In Vitro Studies

Cancer that begins in the colon is called a colon cancer. The common signs of colon
cancer include changes in bowel habits such as constipation or diarrhea, blood in the stool,
anemia, weight loss, and others. The anti-proliferative effect of S. crispus on Caco-2 cancer
cells was determined by using catechin, ethanol, methanol, chloroform, hexane, and ethyl
acetate extracts as well as two isolated bioactive compounds, 3-sitosterol and stigmasterol,
from the leaves [57]. The MTT results indicated that both methanolic and chloroform
extracts displayed anti-proliferative effect on Caco-2 cells with IC50 values of 22.3 and
25.1 pg/mL, respectively. The two bioactive compounds, 3-sitosterol and stigmasterol, also
exhibited anti-proliferative effect on the cancer cells with IC50 values of 20.0 and 132.5 uM
respectively. The rest of the extracts required a larger dose (IC50 > 100 pg/mL) to have the
anticancer effect.

The anticancer effect of y-sitosterol isolated from the S. crispus was tested on Caco-
2 cells [62]. This compound exerted strong anti-proliferative ability with IC50 value of
8.3 ug/mL. They also showed that the compound inhibited the c-myc gene expression,
leading to activation of apoptosis.

In another study, the anti-proliferative effect of the ethanol extract of the leaves against
HT-29 cells was determined by using MTT and BrdU assays [56]. The findings revealed
that the ethanol extract was effective in causing the cancer cell death with IC50 value of
52 £ 6.3 ug/mL; however, there was no significant difference (p > 0.05) as compared to
positive control (doxorubicin, IC50 = 52.2 £ 2.9 pug/mL).

Ismail et al. examined the anti-proliferative effect of different S. crispus extracts
(hexane, dichloromethane, ethyl acetate, and methanol) from the leaves and flowers on
HT-29 cells [81]. The results showed that the ethyl acetate and methanolic extracts of
the leaves demonstrated anticancer effect on the cells with IC50 values of 70.2 &+ 1.4 and
59.0 £ 0.8 ug/mL, respectively, while no anticancer effect was observed in the hexane
and dichloromethane extracts. As for the flower extracts, the dichloromethane and ethyl
acetate extracts had anti-proliferative effect on the cells with IC50 values of 90.3 £ 1.1 and
42.0 £ 1.8 pg/mL, respectively, while the hexane and methanolic extracts had no effect.

Ng et al. studied the anticancer property of methanolic extract of S. crispus leaves on
HCT-116 cells [65]. The extract showed minimal anti-proliferative effect (IC50 > 200 ng/mL)
on the cells. Similar results were reported from the study done by Muslim et al. [44].

2.3.2. In Vivo Studies

Al-Henhena et al. investigated the chemopreventive effect of ethanol extract of the
leaves on the azoxymethane (AOM)-induced colonic aberrant crypt foci (ACF) colorectal
cancer rat model, and the extract was also tested for its total phenolic and flavonoid
content [82]. The result showed that the extract decreased the ACF numbers in the rat
colon. Treatment with S. crispus extract significantly (p < 0.01) reduced approximately
71-74% of the number of ACF and remarkably (p < 0.05) attenuated the distribution of
ACF segment which was in the middle and distal parts of the colon, as compared to AOM
group which was in the middle and proximal parts. This suggests that the extract restored
the anatomical integrity by enhancing the cellular defense mechanism. In addition to that,
the weights of body and colon increased significantly (p < 0.05) in both 250 and 500 mg/kg
extract-treated groups compared to AOM group. The author suggested that the increase
in the weights might have relation to the enhanced stability of the colonic wall. The total
phenolic content (737.67 £ 0.024 mg, expressed as gallic acid equivalent in mg/g) and the
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total flavonoid content (262.86 £ 0.005 mg, expressed as quercetin equivalent in mg/g)
were also said to possibly contribute to the therapeutic effects.

2.4. Prostate Cancer
In Vitro Studies

The prostate is a small gland of walnut shape in the pelvis of men. Prostate cancer is a
form of cancer that develops in this gland. In its early stages, prostate cancer often has no
symptoms. Prostate cancer that is more advanced may cause signs and symptoms such as
trouble urinating, decreased force in the stream of urine, blood in the urine, blood in the
semen, bone pain, losing weight, and erectile dysfunction. A previous study evaluated the
anticancer activities of different sub-fractions of dichloromethane extract of S. crispus on
PC-3 and DU-145 prostate cancer cell lines [52]. A total of 15 sub-fractions were produced
after application of thin layer chromatography (TLC) and their cytotoxicity against the
cancer cells was determined using LDH Cytotoxicity Detection Kit. SC/D-F9 fraction
showed the most potent cytotoxic effects with EC50 values of 7.4 and 7.2 pg/mL on PC-3
and DU-145 cells, respectively. This sub-fraction was also compared to commonly used
chemotherapeutic drugs, paclitaxel, docetaxel and doxorubicin. At the constant EC50 dose
of 7.4 pg/mL, SC/D-F9 caused 90% death in PC-3 cells while paclitaxel (50 nM), docetaxel
(20 nM) and doxorubicin (100 nM) only caused less than 30% cell death. In DU-145 cells,
SCD-F9 induced more than 50% cell death while docetaxel (20 nM) only caused 40% of
cell death while doxorubicin and paclitaxel only caused less than 10% cell death. The
author suggested that the high content of gallic acid (phenol, 29.0 & 0.867 mg/g) and
catechin (flavonoid, 59.0 & 0.333 mg/g) found in the particular fraction may contribute to
its cytotoxic property.

2.5. Cervical Cancer
In Vitro Studies

Cervical cancer happens when cells change in cervix. Most cases of cervical cancer
are caused by infection with human papillomavirus. Cervical cancer may not have signs
and symptoms at early stage. Advanced cervical cancer may cause vaginal bleeding or
discharge. The anti-proliferative property of the ethanol extract of S. crispus leaves against
HeLa cervical cancer cells was investigated by Chong et al. [56]. The result revealed that
the extract insignificantly (p > 0.05) inhibited the proliferation of the cancer cells with
IC50 of 78 £+ 1.5 pg/mL. Chong et al. also studied the anti-proliferative effect of the
hexane and aqueous extracts of the leaves and stem of the plant against HeLa cervical
cancer cells [83]. Using the MTT assay, the percentage viabilities of the extracts at different
concentrations (12.5, 25, 50, 100, and 200 pg/mL) were determined. The results showed
that hexane stem extract exerted positive anti-proliferative effects with IC50 value of
160 =+ 10.01 pg/mL while other extracts showed little or no anti-proliferative effect. Cells
showed characteristics of apoptosis, which include cellular membrane blebbing, chromatin
condensation and cellular shrinkage, after 72 h of hexane stem extract treatment. Flow
cytometry was also done to examine the cell cycle arrest and the findings indicated that
there was an increase (0.25% to 6.10%) in sub-G1 phase and slight increase (3.06% to 5.08%)
in S phase accompanied by decreases in GO/G1 phase and in G2/M phase. The authors
suggested that the enhanced apoptosis was mediated via the significant elevation (p < 0.05)
in caspase-3/7 activity as well as slight increase in caspase-9.

2.6. Nasopharyngeal Cancer
In Vitro Studies

Nasopharyngeal cancer is occurring in the nasopharynx. Some common symptoms
of nasopharyngeal cancer include neck lump, hearing loss, stuffy nose, and nosebleeds.
Five different solvent extracts (hexane, chloroform, ethyl acetate, methanol, and aqueous) of
the leaves and stems of S. crispus were tested on CNE-1 cells [84]. The MTT assay results
indicated that among the leaf extracts, the ethyl acetate extract showed the strongest anti-
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proliferative effect on the cells (IC50 value of 119.00 £ 48.10 nug/mL), followed by hexane ex-
tract (IC50 = 123.50 £ 37.50 pg/mL) and chloroform extract (IC50 = 161.70 + 20.20 pg/mL).
For the stem extracts, hexane extract showed the most potent anti-proliferative effect with IC50
value of 49.40 £ 8.00 ug/mL, followed by chloroform extract (IC50 = 148.30 =+ 23.20 pg/mL)
and then ethyl acetate extract (IC50 = 163.50 4 16.30 pig/mL). Methanolic and aqueous extracts
of both leaves and stems had no significant effect on the cells. In terms of selectivity index (SI),
as compared to 5-fluorouracil (3.15), the SI order of the different extracts was as follows: ethyl
acetate leaves (1.40) > chloroform stem (1.35) > chloroform leaves (1.14) > ethyl acetate stem
(1.06) > hexane leaves (0.68) > hexane stem (0.22). Overall, the authors showed low selectivity
towards the cancer cells. In terms of cell doubling time, the leaf chloroform extract caused a
significant ~2-fold increase (p < 0.05), compared to untreated control cells. This increase was
also seen in both leaf and stem hexane extracts but it was not significant. CNE-1 cells treated
with stem ethyl acetate extract was found to increase the cell doubling time by 82.50%. Cell
cycle analysis was also done by using flow cytometry to determine the apoptogenic effect of
the extracts. Leaf ethyl acetate, leaf chloroform, stem hexane and stem chloroform extracts
significantly increased (p < 0.05) the sub-G phase from 0.69% to 22.08%, 12.85%, 4.07%, and
57.67%, respectively. Stem chloroform extract also remarkably (p < 0.05) reduced the G0/G1
population by 67.55%. Significant reduction in the cell population in G2/M phase was seen
in cells treated with leaf hexane, leaf chloroform and stem chloroform extracts. Microscopic
observation revealed that cells treated with various S. crispus leaf and stem extracts caused
notable morphological changes such as presence of floating dead cells and apoptotic bodies
as well as reduction of number of viable cells. The effect of S. crispus extracts on caspase
activation was also studied and the results showed that all extracts decreased the apoptotic
executioner caspase 3/7 activity whereas there was no effect on apoptotic caspase 8/9 activity
(production of apoptotic bodies), suggesting that the caspase-mediated apoptosis induced by
S. crispus was not the sole process responsible for the anticancer mechanism.

2.7. Lung Cancer
In Vitro Studies

Lung cancer is the cancer that arises from the lining of the bronchi, or other areas of
the respiratory system, including the trachea, bronchioles, and alveoli. Lung cancers are
generally divided into two types: non-small cell lung cancer and small cell lung cancer.
The early symptoms of lung cancer may be a slight cough or shortness of breath, and
as the cancer develops, these symptoms may become more severe. A cytotoxicity study
of the methanolic leaf extract of S. crispus was performed on NCI-H23 lung cell line [44].
The results showed that the methanolic leaf extract was not effective against the cells
(IC50 > 200 pg/mL). The findings were similar as the one done by Ng et al. [65].

3. Toxicology Studies
3.1. In Vitro Studies

There are numerous studies done by examining the cytotoxic effects of various S. cris-
pus extracts against normal cell lines [56,58,63]. Normal breast epithelial cell line (MCF10A)
and Chang liver (normal) cell line were used in some studies and the results showed that
S. crispus extracts were not cytotoxic against normal cells.

3.2. In Vivo Studies

Al-Henhena et al. evaluated the cytotoxic effect of S. crispus ethanol leaf extract in
Sprague-Dawley rats treated with vehicle (10% Tween-20) or treated with 2500 mg/kg
ethanol extract in vehicle [82]. The findings showed that the dose at 2500 mg/kg was not
toxic to the rats due to absence of mortality nor signs of toxicity. The serum parameters such
as glucose, albumin, total protein, urea, creatinine, and enzymes (ALT, AST, ALP) were not
significantly different between the control and treated groups. Hence, it was concluded
that such high dose of S. crispus was safe as there were no adverse side effects observed.
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Similarly, another in vivo toxicological study was done by Norfarizan-Hanoon et al.
in Sprague-Dawley rats by orally feeding them the juice of S. crispus leaves [85]. The
values of body weight, relative liver and kidney weights, aspartate aminotransferase (AST)
activity, alanine aminotransferase (ALT) activity, alkaline phosphatase (ALP) activity, serum
albumin level and creatinine level were tested and recorded at day 0 and day 14. The
findings showed that there were no significant differences (p > 0.05) in all the parameters
except the ALT activity in female groups fed with 700, 2100, 3500, and 4900 mg/kg BW of S.
crispus juice, in which the level was lower than before, in comparison to the female untreated
control groups. The reduction in ALT activity suggested that the hepatocytes were in
healthy state without inflammation. In addition to that, the morphology and biochemical
profile of both the liver and kidney had no changes after S. crispus juice treatment. Also,
no signs of toxicity, adverse pharmacological effects or abnormal behavioral changes were
observed throughout the 14-day study. Overall, the juice of S. crispus leaves caused no toxic
effect to the normal Sprague-Dawley rats and was safe without causing adverse effects to
the liver and kidney functions even at the maximum dose of 4900 mg/kg BW.

Lim et al. also studied the oral toxicity effect of S. crispus ethanol leave extracts in
20 female Sprague-Dawley rats. Regarding the findings, no signs of toxicity, lethality, and
abnormal behavioral changes were observed in the rats throughout the 14-day experiment.
Between the control group and three treatment groups (orally fed with 150, 300, and
600 mg/kg of ethanol leave extract), no significant differences (p > 0.05) were observed
in terms of body weight, food intake, water intake, serum biochemical parameters, and
relative weight of organs. Taken together, it was concluded that ethanol extracts of S. crispus
leaves were not toxic to the rats and their liver and kidney functions. In addition, no-
observed-adverse-effect-level (NOAEL) of S. crispus ethanol leaf extract was determined as
the highest dose of 600 mg/kg per day. Moreover, acceptable daily intake (ADI) was also
calculated to be 6 mg/kg per day. In conclusion, continuous 14-day oral administration
of S. crispus ethanol leaf extract at 150, 300, and 600 mg/kg was safe to the female rats
without affecting the normal liver and kidney functions as well as causing no sign of
toxicity to them [86].

4. Conclusions

Strobilanthes crispus has been increasingly investigated for its potential as an anti-
cancer therapy over a few decades. The plant’s extracts have shown potent anticancer
effects against a wide range of cancers—including breast cancer, liver cancer, and colon
cancer—through numerous in vitro and in vivo studies. However, its effect against other
types of cancer such as cervical, prostate, nasopharyngeal, and lung cancer is still not
conclusive due to the scarcity of those related studies. Another issue to be addressed
is the limited number of toxicological studies; clinical trials are yet to be conducted to
determine the safety and efficacy of the extracts towards human body. Future studies
should be focused on exploring the use of other bioactive compounds in S. crispus, as well
as evaluating the bioavailability, potency, and possible side effects of the extracts through
clinical trials so that the pharmacological potential of the plant could be fully utilized.
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