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Introduction
In spite of the breakthrough innovation in combinatorial 
chemistry and molecular modelling, natural products, especially 
medicinal plants remain one of the important sources from which 
pharmacologically active compounds are isolated, tested and 
evaluated in the discovery of new drugs, new leads and chemical 
entities in pharmaceutical development [1-3]. In fact, many of the 
prescription drugs derived from plants have been approved for the 
clinical use in treating cancer, malaria and other metabolic diseases 
[3]. For example, paclitaxel used in the treatment of various cancers 
is derived from the bark of the Pacific yew tree, Taxus brevifolia 
[4]. Vinblastine isolated from Madagascar periwinkle plant (Vinca 
rosea) is also useful in treating cancers such as leukaemia, testicular 
teratoma and Hodgkin’s disease [5]. Natural products have recently 
regained its prominent role in drug discovery with the increasing 
recognition of significance of their structural diversity and 
expanding exploration of their therapeutic use.

One of the plants that have elicited a great deal of interests and 
attention among researchers of late is Strobilanthes crispus (L.) 
Blume, which is a woody shrub found distributed throughout the 
regions of Madagascar to Indonesia [6]. It is locally identified by 
other common names such as “daun picah beling” in Jakarta or 
“enyoh kelo”, “kecibeling”, or “bejibeling” in Java [6] and as “pecah 
kaca” or “jin batu” in Malaysia. A mature plant usually reaches a 
height of 1 to 2 m and can be found growing wild along the river 
banks, in abandoned fields or cultivated. The leaves of S. crispus 
are described as oblong-lanceolate, rather obtuse, with the edge 
shallowly crenated and covered with short hairs on both surface 
[6]. The upper surface of the leaves is in a shade of darker green and 
less rough when compared to the underside. The yellow-coloured 
flowers of the plant are short, dense and are panicled spikes.

The leaves of the plant are the part used in folklore medicine in 
Malaysia and Indonesia. Traditionally, fresh or dried leaves were 
boiled with water and the infusion made has been shown to have 
anti-diabetes, anticancer, laxative, diuretic and antilytic properties 
[6, 7]. The dried form may have a longer shelf life preserved in 
a sealed bag, away from sunlight, heat and moisture. Topical 
application of macerated leaves on wounds caused by poisonous 
snakebites was reported to have toxin neutralization effect along 
with pain and swelling alleviation. Fresh leaves are masticated and 
swallowed to improve the immune system as indicated by a survey 
carried out among the indigenous people living in Perak of West 
Malaysia [8]. The plant has been promoted as containing a rich 

source of cystoliths of calcium carbonate and the infusion is slightly 
alkaline [7] thus aid in urination [9]. Daily tea consumption of S. 
cripus contains catechin, serving as potential antioxidant in cancer 
prevention [10].

In recent years, herbal preparations of S. crispus are increasingly 
used by the general public as an alternative option to promote 
overall well-being as well as for therapeutic and disease preventing 
purposes. The synergistic and side effects reducing properties of 
the plant when used with current treatment have widely been 
purported in local community. However, the mechanism of action, 
potency, efficacy and safety is still poorly understood and studied. 
Hence, additional research is required to be carried out to establish 
a strong scientific basis for its promoted use before the large-scale 
commercialisation. In this review, we will focus on discussing 
the scientifically proven pharmacological properties of the plant 
including anti-carcinogenesis, anti-glycaemia, antioxidant and 
wound healing; together with its mode of action and the future 
potential to be used as therapeutic drug.

Anti-Carcinogenic Properties
Several studies have reported the potential of S. crispus as an anti-
cancer agent. In previous studies, S. crispus extracts demonstrated 
inhibitory property against breast [11-16], liver [11, 14, 17-19], 
prostate [15] and colon [11] carcinomas. Different extraction 
solvents were used in the studies. The ethanol extract of S. crispus 
has been shown to reduce cell viability and proliferation in 
hormone-dependent breast adenocarcinoma (MCF-7) as detected 
by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) and BrdU (5-bromo-2’-deoxyuridine) assays [16]. The 
cytotoxic effect was better in MCF-7 with relatively lower value 
of half maximal inhibitory concentration (IC50) (30 μg/mL) than 
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in hormone-independent breast cancer cells (MDA-MB-231) 
(IC50 > 100 μg/mL). In other studies, the anti-proliferative effects 
of methanolic and chloroform extracts were investigated against 
a few cancer cell lines as well as Chang liver cells. Both the crude 
extracts were not cytotoxic against Chang liver cell line. Meanwhile, 
methanolic extract showed considerable cytotoxicity against 
colon cancer (Caco-2), with IC50 value of 22.3 μg/mL, followed by 
MDA-MB-231 (IC50 27.2 µg/mL) and lastly hepatocarcinoma cells 
(HepG-2) (IC50 29.3 μg/mL). The chloroform extract was cytotoxic 
against Caco-2 and HepG-2 with IC50 values of 25.1 and 28.0 μg/
mL respectively [11]. Among the cancer cell lines tested, Caco-2 
was most sensitive towards cytotoxic effect of S. crispus with lowest 
IC50 value. In terms of solvents used, methanol displayed greater 
potential than others, considering the responsiveness of various 
cancer cell types towards its treatment.  

Besides crude extracts, fractionated compounds from S. crispus 
was also used in previous research. Selected subfractions of 
dichloromethane (DCM) extract of S. crispus were evaluated for its 
cell death induction property in breast and prostate cancer (PC-3 and 
DU-145) cell lines [15]. From the results, SC/D-F9 fraction showed 
statistically significant cytotoxicity in MCF-7, MDA-MB-231, PC-3 
and DU-145 cells with relatively low effective concentration (EC50) 
values while being non-toxic to the normal breast epithelial cell 
line. The EC50 values for the four cancer cell lines were 8.5, 10.0, 7.4 
and 7.2 μg/mL respectively.  SC/D-F9 fraction demonstrated better 
cell killing activity in comparison to some of the chemotherapeutic 
drugs. SC/D-F9 increased the percentage of cell death from 44% 
to 57% in MCF-7 within 48 hours whilst cell death induced by 
tamoxifen declined by almost 20% for the same time period. The 
decrease in cell death over time is possibly associated with the 
emergence of cell resistance to tamoxifen. Other chemotherapeutic 
drugs such as paclitaxel and doxorubicin also showed poor activity 
with low cytotoxicity of 24% and 9% respectively. In PC-3 cells, 
the percentage of cell death tripled to almost 90% after SC/D-F9 
treatment for 48 hours; and this effect is comparatively higher 
than the effect seen after treatments with docetaxel, paclitaxel and 
doxorubicin. It can be inferred that SC/D-F9 was cytotoxic to both 
prostate and breast cancer cell lines with different efficacies, and 
its effect was better than some commercialized anti-cancer drugs. 
This study shows that evaluation of cytotoxic effects of a compound 
on different cell lines of a cancer type was necessary as the different 
cell lines may display different sensitivities towards the anticancer 
compound.

Further purification of compounds from S. crispus extract has 
led to the discovery of 2 potential active compounds: ß-sitosterol 
and stigmasterol. The cytotoxicity effect of ß-sitosterol was found 
particularly in Caco-2, HepG-2 and MCF-7 cells with IC50 values of 
20.0, 53.0 and 71.2 μM, respectively whereas stigmasterol lowered 
the viability of Caco-2, HepG-2, MCF-7 and MDA-MB-231 cells 
with IC50 values of 132.5, 182.5, 156.0 and 185.9 μM, respectively 

[11]. In addition, ß-sitosterol treatment was reported to decrease 
cell viability in leukemia [20], prostate cancer [21], breast cancer 
[22] and fibrosarcoma [23] while stigmasterol reduced ovarian 
cancer risk [24].

A variety of mechanisms has been proposed to explain the 
chemopreventive effect of S. cripus. Induction of apoptosis in which 
tumour cell undergoes self-destruction via caspases-dependent 
pathway was widely proposed as the mechanism of action of S. 
crispus. The two mechanisms involved in apoptosis are extrinsic 
(stimulation of death receptor) and intrinsic (mitochondria-
mediated) pathways, both of which reaching a convergent 
point at the executioner phase. Extrinsic pathway is mediated 
via the interaction between death receptor Fas and its ligand 
FasL. Formation of death-inducing-signalling-complex (DISC) 
subsequently activates initiator caspases 8 by auto-catalysis, which 
in turn causes proteolytic cleavage of effector capases 3/7 [25]. The 
intrinsic pathway, however, is dependent on the balance between 
the pro- and anti-apoptotic proteins of Bcl-2 family which regulates 
the permeability of mitochondrial membrane [26]. Disruption of 
this balance may lead to the activation of pro-apoptotic protein Bax 
with subsequent mitochondrial translocation and oligomerisation 
[27] to form the permeability transition (MPT) pore through 
which apoptogenic factors such as cytochrome C and apoptosis 
protease activating factor 1 (Apaf-1) are diffused out from the 
intermembrane space [28, 29]. Once in the cytoplasm, cytochrome 
C combines with Apaf-1 to form apoptosome, which activates 
caspase 9, a key initiator factor of intrinsic pathway [30]. Activation 
of caspases 3/7 by caspases 9 triggers a chain of proteolytic action 
leading to cell shrinkage, pyknosis, karyorrhexis, and membrane 
blebbing [31].

S. crispus induced apoptosis in cells was evidenced when Chong 
et al. (2012) showed that after treatment with S. crispus ethanolic 
extract at IC50, MCF-7 cells displayed characteristic apoptotic 
features [16]. Flow cytometry cell cycle analysis and Tunnel assay 
revealed approximately 35 and 47% of subG1 peaks and 30 and 50% 
of Tunnel positive cells when the cells were treated for 48 and 72 
hours respectively. The increased DNA fragmentation and hypo-
diploid subpopulation indicates that the cytotoxicity of S. crispus 
was induced via apoptosis. The mechanism involved is intrinsic/
mitochondrial activated apoptotic pathway as the concentration 
of cytochrome C increased significantly from 24 to 36 hours in S. 
crispus- treated MCF cells. This is correlated with the mitochondrial 
permeability which was markedly reduced in membrane potential 
as observed in another study carried out recently [32]. The resulting 
increase in the activity of caspases 3/7 with a fold change of nearly 
3 was also observed along with an induction of p53 expression 
and X-linked inhibitor of apoptotic protease (XIAP) suppression 
[16].  Interestingly, p53 (tumour suppressor gene) may also 
promote apoptosis by transcription dependent and independent 
mechanisms. Binding to the p53 responsive element causes up-
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regulation of a small set of pro-apoptotic proteins (Bax) [33] as 
well as down-regulation of anti-apoptotic genes (Bcl2, BclXL and 
Survivin). XIAP, however, prevents apoptosis by suppressing the 
activity of capases 9.

The ß-sitosterols present in S. crispus have been suggested to 
promote apoptosis pathways through down-regulation of Bcl-2 
proteins [20] and increased activity of pro-apoptosis enzyme [23], 
resulting in activation of caspases-3 activity [20] mediated by 
external stimuli Fas pathway and internal stimuli Bax [34].

Another mechanism of action of S. crispus is by down-regulation 
of oncogene, c-Myc. S. crispus was found to inhibit the c-Myc 
expression in HepG-2 cells [12]. The proto-oncogene c-Myc is a 
transcription factor involved in regulating most cellular functions, 
including proliferation, growth, metabolism, differentiation, 
genome stability and apoptosis [35]. Oncogene c-Myc is activated 
by enchanced transcription [36, 37], chromosomal rearrangement 
[38, 39] and resistance to ubiquitin-mediated degradation [40, 
41]. c-Myc is overexpressed in majority of malignancies, including 
breast, prostate, colorectal, hepatocellular carcinoma, lymphoma, 
melanoma, and myeloid leukemia [42]. Downregulation of c-Myc 
expression by interference approach (antisense and short interfering 
RNAs) was found to induce apoptosis in melanoma [43], breast 
cancer [44, 45] and prostate cancer [46, 47].

Scientists also evaluated the mechanism of action of S. crispus 
through angiogenesis. Angiogenesis is stimulated by tumour cells 
to support their growth and metastasis. Inhibition of angiogenesis 
induces apoptosis by depriving the tumour of essential nutrient 
and oxygen supply, making it a potential target exploited for cancer 
treatment. Anti-angiogenic effects of methanolic and aqueous 
extracts of S. crispus were examined using ex vivo rat aortic ring 
assay and compared to a positive control, suramin [13]. The anti-
angiogenic activity was observed in both extracts with aqueous 
extract showing greater inhibitory action (16.67%) than the 
methanolic extract (6.25%) on angiogenesis.

The mechanism of action of S. crispus through regulation of some 
tumour marker enzymes was investigated by another study using 
animal model.  The cancer suppressive activity of S. crispus leaf 
extract was evaluated in diethyl nitrosamine/2-acetylaminofluorene 
(DEN/AAF)–induced hepatocarcinogenesis [48] in which S. crispus 
extract (1, 2.5, 5 and 7.5%) were supplemented in the drinking 
water of cancer-induced and control rats. The inhibitory effect was 
graded based on the histological evaluation and measurements 
of tumour marker enzymes, glutathione S-transferase (GST) 
and uranyl diphosphate glucoronyl transferase (UDPGT). Oral 
administration of S. scripus at 5% was shown to be most effective 
in reducing the severity of liver cancer by decreasing cellular 
dysplasia [49] as well as GST and UDPGT activities [50]. It also 
reduced levels of gamma-glitamyl transpeptidase (GGT), alkaline 
phosphatase (ALP) and glutathione (GSH) significantly [17]. 

In addition, the chemopreventive mechanism exerted by S. 
crispus on hepatocellular carcinoma was found to be related to the 
inhibition of microsomal aniline hydroxylase (AH) activity which 
is involved in the activation of carcinogen DEN [48]. Although 
the study showed the potential of S. crispus in bringing down the 
tumour marker enzymes, the rats, however, did not fully recover 
from the liver tumour. The limitations of the study include short 
experimental duration and choice of animal species/strain.

Strain-related differences in responsiveness to the treatment as well 
as in susceptibility to the carcinogens DEN and AAF could be a 
misleading factor during result interpretation. For instance, the 
effects observed could be attributed to the effectiveness of plant 
extract tested or was simply because of strain resistance. Moreover, 
genetic variability among strains (in the study Sprague-Dawley rat, 
which is an outbred strain was used), dietary and environmental 
factors could contribute to the polymorphic differences in drug 
absorption, metabolism and excretion. Thus, the above-mentioned 
concerns should be considered to improve the study. Other 
considerations include interspecies differences, correlation to body 
weight and pharmacokinetic variables are required in designing 
animal studies to ensure good prediction on results.

The above studies have consistently showed that the extracts of 
S. crispus have potential anticancer activities both in vitro and 
in vivo; and it could be further explored for the development of 
chemotherapeutic drug.

Combinational therapy has become a trend in anti-cancer treatment 
in which a few different dugs were used together in lower dose 
to achieve high efficiency and low toxicity. Tamoxifen has been 
reported to stimulate apoptosis through modulation of signalling 
proteins via estrogen receptor (ER)-independent pathway [51, 
52] but at the expense of high dosage-related toxicity. Therefore, 
tamoxifen is not a first-choice drug prescribed for ER-negative 
breast cancers which are generally more aggressive and have poor 
prognosis [53]. In this regard, combining tamoxifen with other 
chemotherapeutic drugs was performed to enhance its efficacy. A 
study was conducted recently and it revealed a thrilling outcome 
that co-treatments of S. crispus subfraction (SCS) and tamoxifen 
exhibited synergistically cytotoxic effect in both the ER-responsive 
MCF-7 and non-responsive MDA-MB-231 breast cancer cells [32]. 
When incubated with SCS, 2.5 and 5.0 µM of tamoxifen induced 
90% of MCF-7 cell death and 85 to 90% of MDA-MB-231 cell death 
at 24 hours; and this is similar to the effects achievable through 
high concentration of tamoxifen (15 µM) alone. This suggests the 
possibility of using sub-optimal doses of tamoxifen to attain the 
desired cytotoxic effects with reduced side effects and delayed 
drug resistance. The combinational treatment activated initiator 
caspases 8 and 9, suggesting the treatment targeted both intrinsic 
and extrinsic pathways. The increased caspases 8 and 9 levels were 
evidenced by stronger fluorescent signals detected in cells treated 
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with combination treatment. In short, the study showed the future 
potential of S. crispus as an anti-cancer agent, particularly its role in 
combinational therapy. Nevertheless, further studies are required 
to determine the effectiveness and safety of the combination 
treatment before clinical trials.

Antioxidant Properties
Oxidative stress, induced by oxygen radicals, is a key feature in 
various degenerative diseases such as cancer, gastric ulcer and 
atherosclerosis. Therefore, antioxidant has a significant protective 
role in preventing the initiation, promotion and progression of 
carcinogenesis by free radical scavenging and catalytic metal 
chelation, thus exerting a protective effect on DNA and gene 
expression. 

The antioxidant activity of various types of tea prepared from 
S. crispus leaves was evaluated in vitro using Ferric Reducing/
Antioxidant Power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) free radical scavenging assays and compared to green and 
black teas [54]. Green tea was endowed with the best antioxidant 
activity, followed by black tea, S. crispus unfermented tea (old), S. 
crispus unfermented tea (young),  S. crispus fermented tea (old) 
and S. crispus fermented tea (young).

The antioxidant activity of S. crispus tea is probably attributed to 
the polyphenol and flavonoid in tea such as catechins. Polyphenols 
can chelate transition metal ions, scavenge molecular species of 
active oxygen, and can inhibit lipid peroxidation by trapping the 
lipid alkoxyl radical while catechins has many hydroxy groups to 
donate hydrogen thus making it an efficient radical scavenger [55]. 
Positive correlation between total phenolic content (TPC) and 
the DPPH inhibition was established in previous studies [56, 57], 
suggesting the role of phenolic compounds as antioxidant agents. 
Overall, it seems that unfermented tea from older leaves naturally 
contain higher antioxidant activity due to the accumulation of 
phenolic content over time as well as better preservation of phenolic 
compounds which is unaltered by fermentation process [58]. These 
have suggested the importance of tea preparation methods for 
better preservation of the antioxidant capacity of S. crispus. 

Variation in the yield of TPC in S. crispus extracts clearly depends 
upon the methods and choices of solvent for extractions.  Previous 
study showed that highly polar medium such as methanol extract 
gave the best yield of TPC, followed sequentially by ethyl acetate, 
dichloromethane and hexane [59]. Muslim et al. (2010) showed that 
at optimal concentration of 100 μg/ml, methanolic and aqueous 
extracts displayed 90.28% and 89.06% xanthine oxidase inhibition 
respectively [13]. Results also showed that both aqueous and 
methanolic extracts were able to quench DPPH and the scavenging 
activity of aqueous extract was more than the methanolic extract. 
However, when the extracts were tested for their antioxidant 
activity with β-carotene-linoleate model system, weak responses 
were observed. This indicates that the antioxidant action of S. 

crispus is dependent on its hydrogen donating ability (as evidenced 
by DPPH assay) but not the ability of preventing the bleaching of 
β-carotene by linoleic acid.  

Essential oil of S. crispus was also being evaluated for its antioxidant 
property. It showed to possess higher antioxidant activity compared 
to α-tocopherol, a potent antioxidant, but its activity was lower 
than the other plant Lawsonia inerme, which was also being tested 
in the same study [60].

The antioxidant property of S. crispus methanolic extracts may be 
due the presence of phytosterols, such as α-sitosterol, campesterol, 
phytol and stigmasterol. Phytosterols are structurally similar 
to cholesterol but are characterized by an extra ethyl (sitosterol) 
or methyl group (campesterol) in the side chain [61, 62]. Most 
phytosterols contain 28 or 29 carbons and one or two carbon-
carbon double bonds, typically one in the sterol nucleus and 
sometimes a second in the alkyl side chain. The effectiveness of 
antioxidant increases with the number of double bonds. β-Sitosterol 
has been found to exhibit greatest antioxidant activity through the 
scavenging of free radicals such as DPPH and superoxide radical 
[63] and the elevation of antioxidant enzyme activities (superoxide 
dismutase, SOD and glutathione peroxidase, Gpx) in oxidative 
stress-induced macrophages [64]. Campesterol and ß-sitosterol 
are better antioxidants compared to stigmasterol in terms of 
prevention of methyl linoleate oxidation in solution [65] as well 
as scavenging of superoxide anion and hydrogen peroxide [66]. 
Phytol is a branched-chain unsaturated alcohol and its antioxidant 
properties may be related to the hydroxyl group (OH) present in 
its molecule which is capable of reacting with a free radical and 
donate hydrogen atoms with an unpaired electron (H∙). Taken 
together, the above studies provide evidences that phytosterol and 
its components chemically act as a potential antioxidant and a 
modest radical scavenger.

Agents with antioxidant activity may have cancer preventive effects 
by reducing the reactive oxygen species (ROS) in cells as ROS is 
known to cause carcinogenesis. Excessive levels of ROS have 
been associated with a number of malignancies such as chronic 
lymphocytic leukemia and Burkitt’s lymphoma [67]. As such, 
S. crispus which is a potent antioxidant may be considered as a 
chemopreventive agent. Although inhibition of ROS formation 
is desirable for the prevention of cancer development, utilizing 
pro-oxidant agents to induce oxidative stress has emerged as an 
attractive alternative anticancer strategy [68]. The pro-oxidant 
agents killed cancer cells when they were given at a dose that 
causing high level of ROS. For example, curcumin promoted the 
death of cutaneous T-cell lymphoma through the induction of 
oxidative stress [69]. It is important to note that concentration 
used is crucial to determine the role of a compound as a cancer 
chemopreventive or chemotherapeutic agent [70]. In short, S. 
crispus may be a chemopreventive agent when given at lower doses 
by acting as an antioxidant and acts as chemotherapeutic agent if 
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given at higher doses that sufficiently generating cytotoxic level of 
ROS.     

Considering the strong antioxidant effect of S. crispus, further 
works are required to identify the exact active compound in the 
extract. This would help in discovering potent anti-oxidative agent 
from the plant. In addition, in vivo sub-acute and chronic toxicity 
studies are required to be carried out in the future to determine 
the long term effects of administration of S. crispus to validate the 
potential use of S. crispus as a source of anti-oxidant agent.

Anti-Diabetic Effects 
Diabetes mellitus is a prevalent metabolic disorder characterized by 
chronic hyperglycemia resulting from defects in insulin secretion 
and/or action; and is frequently associated with complications such 
as retinopathy, end-stage renal failure, neuropathy and 2-4 fold 
increase in the risk of cardiovascular heart disease [71]. Common 
oral hypoglycemic agents used such as sulfonylurea are associated 
with intentional and accidental hypoglycemic poisoning related to 
overdosing. This necessitates a search for safer and more effective 
hypoglycemic agent that could help to control blood glucose level 
in long term with lower side effects. One of the examples is by 
utilizing S. crispus plant extracts.

The anti-hyperglycemic effects of fermented and unfermented 
S. crispus aqueous extracts have been assessed in normal and 
streptozotocin-induced diabetic rats for 21 days [72]. It revealed 
that supplementation of the fermented and unfermented extracts 
of S. crispus was correlated with significant reduction of blood 
glucose in hyperglycemic rats. Furthermore, improvement of lipid 
profile with decreased levels of total cholesterol, triglycerides, low-
density lipoprotein (LDL) and increased high-density lipoprotein 
(HDL) was observed in S. crispus extract-treated normal and 
diabetic groups. In the study, S. crispus shown to possess more 
superior and prominent anti-hyperglycemic and hypolipidemic 
effect in comparison to the antidiabetic drug glibenclamide.

The hypoglycemic effect of S. crispus is exerted through epicatechin, 
a flavonoid collectively grouped under catechins, which was present 
in high amount in the leaves [10]. Epicatechin has been reported 
to have insulin-like activity [73], functional restoration [74] and 
tissue protective effect [75] on pancreatic beta-islet cells of alloxan-
induced diabetic rats. Type II diabetes is frequently associated with 
hypercholesterolemia, lower HDL and higher LDL levels. Plant 
sterols (stigmasterol and ß-sitosterol) that are extracted from the 
leaves of S. crispus [76] may serve as cholesterol-lowering agents 
by competing with cholesterol and thereby decreasing cholesterol 
absorption in intestine [77]. 

The anti-hyperglycemic mechanism of S. crispus is proposed to be 
mediated by the regulation of endogenous antioxidant enzymes GPx 
and SOD [78]. From the study conducted by Norfarizan-Hanoon 
et al. (2009), SOD and GPx levels increased consistently and 
significantly in diabetic and normal rats treated with S. crispus juice 

at different doses of 1.0, 1.5 and 2.0 mL kg-1 b.wt for 30 days. There 
is correlation between the depletion of antioxidant capacity and 
glycemic control in type II diabetes [79]. Persistent hyperglycaemia 
in diabetes may cause oxidative stress by disrupting the balance 
between antioxidant protective mechanism and generation of ROS. 
The increased formation of ROS through glucose autoxidation 
and non-enzymatic glycation of protein will lead to depletion of 
antioxidant enzymes [80]. The subsequent impaired antioxidant 
defence and enhanced lipid peroxidation process are attributed for 
most of the diabetic complications [81]. Therefore, by increasing 
the amount of endogenous antioxidant enzymes which prevent 
oxidation by reducing the rate of chain initiation, S. crispus may 
exert a protective effect on tissues against the destructive reactions 
of superoxide radicals. Moreover, the high antioxidant activity 
of S. crispus tea leaves protected pancreas from oxidative stress 
by free radicals scavenging. The oxidative stress may mediate 
pathogenesis of atherosclerosis through endothelial disruption 
[82], which in turn promotes platelet adhesion and aggregation 
[83] as well as vascular lipid peroxidation and increases expression 
of adhesion molecule on intimal surface facilitating leucocyte 
infiltration. The subsequent plaque formation leads to partial 
occlusion of blood vessel and hypertension. Hence, the antioxidant 
property of S. crispus contributed to reducing risk and mortality of 
cardiovascular diseases associated with diabetes. However, further 
studies including clinical trials are required to prove the therapeutic 
efficacy of S. crispus in diabetic patients.

Wound Healing Effects
S. crispus showed to have beneficial effect in promoting wound 
healing in previous studies. Topical application of S. crispus 
ethanolic extract accelerated the rate of wound healing by inducing 
angiogenesis and increased collagen formation [84]. Intrasite gel as 
standard control and gum acacia as placebo control were used in 
the study. S. crispus resulted in significantly smaller wound areas 
after 5 and 10 days treatment. After 10 days, the wounds dressed 
with S. crispus at concentration 100 and 200 mg/ml showed to have 
81.25 and 92.00% healing respectively. Meanwhile, the healing by 
placebo control was only 70%. Notable difference was also seen 
after 5 days treatment, in which the S. crispus-treated wounds 
were more than 50% healed while the placebo control group was 
just 35% better. Besides that, the healing time was considerably 
shorter for intrasite gel-treated and S. crispus-treated wounds, 
when compared to placebo. Finally, healed wound treated with S. 
crispus leaf extract revealed less scar width at wound closure and 
showed better histopathological features in terms of increased re-
epithelialisation, decreased inflammatory infiltration and more 
collagen deposition with angiogenesis than wounds treated with 
gum acacia.

Another investigation was carried out to evaluate the effect of S. 
crispus juice at different doses (70, 105 and 140 mg/kg b.wt) on 
diabetes wound [85]. It was reported that S. crispus juice aided 
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in wound healing, in which the percentage of healing in both 
hyperglycemic and normal rats significantly increased at day 3 
and 7 after treatment. The findings may impose some medical 
implications for diabetic patients who often develop serious 
complications such as foot ulceration with subsequent amputation 
in 5-15% of the cases due to delayed wound healing. 

The wound healing property of S. crispus is believed to be correlated 
with the presence of anti-microbial compound. An ester glycoside 
compound of caffeic acid extracted from S. cripus is known to have 
antimicrobial effects when used externally [86], which appears to 
be responsible for the improved healing activity. Infected wound 
healed slower compared to clean wound. Bacterial infections 
exacerbate inflammatory response and delay wound healing by 
impeding angiogenesis, interference with collagen formation 
and production of toxins, metabolic products and inflammatory 
mediators. Infected wound may gradually become chronic with 
prolonged inflammatory phase. The resulting imbalance of matrix 
metalloproteases (MMPs) and tissue inhibitor of metalloproteinases 
(TIMPs) can cause growth factors in chronic wound to be rapidly 
degraded [87, 88]. Therefore, inhibition of infections may shorten 
the inflammatory process needed to clear away microbial agents 
and provide an optimal microenvironment for wound healing.

The antioxidant effect of S. crispus may also play a significant role 
in protecting tissue from oxidative damage and hence promoting 
wound healing. Oxidative stress results from the excessive 
production of ROS such as hydrogen peroxide (H2O2), superoxide 
anion (O2

•−), and hydroxyl radical (•OH) has been thought to be 
involved in the pathogenesis of chronic wounds [89]. These highly 
unstable molecules damage cells and alter cell membrane and 
protein structure by lipid peroxidation and oxidative modification. 
Previous studies reported a significant elevation of the allantoin: 
uric acid percentage ratio, a marker of oxidative stress, in fluid 
exudate from chronic leg ulcers [90] as well as increased oxidative 
lipid damage and nitrative protein damage, as measured by 
biomarkers F2-isoprostanes and 3-nitrotyrosine respectively in 
mouse wounds [91].

The use of topical formulations of S. crispus for treatment of 
wounds decreases the risk of adverse effects and potential drug-
drug interactions associated with systemic medications. However, 
the current evidences of the potential effect of S. crispus on wound 
healing are based entirely on animal studies which are limited by 
small sample sizes and short experimental duration. Future research 
development should improve on these aspects.  Future works 
could also involve the investigation on various types of wounds 
such as infected, anastomotic and ischemic wounds in animal 
studies. Comparison of the healing effect of S. crispus with some 
commercialized drugs may also be carried out as the information 
available is very limited.

Anti-Thrombosis Effects
The inhibitory effects of S. crispus on platelet aggregation and 

coagulation have been discovered previously [92]. The coagulation 
pathway can be divided into the extrinsic and the intrinsic pathways. 
In brief, the extrinsic coagulation is initiated in vivo by tissue factor 
exposure following vascular injury which leads to activation of 
factor VIIa (FVIIa) whereas intrinsic pathway is activated when 
factor XII (Hageman factor) contacts with collagen underlying 
the endothelium of blood vessel wall. The activated factor then 
catalyses the activation of a larger amount of the next factor down 
the coagulation cascade, leading eventually to the activation of a 
common factor X (FXa) in both pathways. FXa hydrolyzes and 
activates prothrombin to thrombin. Subsequent cleavage of soluble 
fibrinogen to insoluble fibrin by thrombin forms a mesh that along 
with the aggregation of platelets can result in formation of a more 
stable fibrin clot. 

Seventy percent methanolic extract and water fraction of S. 
crispus inhibited coagulation by affecting the intrinsic pathway 
with prolonged activated partial thromboplastin time (aPTT) 
and unchanged prothrombin time (PT). Additionally, it was 
observed that water fraction was far more active since its effective 
concentration in prolonging aPTT is lower than the 70% methanolic 
extract, suggesting the bioactive compounds responsible for the 
anticoagulant activities were more polar in nature. This indicates 
that S. crispus may function as a potential antithrombotic agent 
for thrombolytic therapy by inhibiting platelet aggregation and 
delaying coagulation time.

Conclusion
To date, the beneficial effects of S. crispus on anticancer, anti-
hyperglycemic, antioxidant, wound healing and anticoagulant 
activities have been evaluated in a number of in vitro and animal 
studies. The recent progress on both studies provides significant 
evidences that S. crispus could be explored further for therapeutic 
potential. However, as most of the scientific reports are based 
on animal experiments, clinical trials are necessary to prove its 
efficacy. Long term safety concerning the consumption of S. crispus 
should also be emphasized. Further works should be focused on 
the isolation, purification and identification of biologically active 
compounds in S. crispus so that new component responsible for the 
medicinal effects could be identified soon.
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