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Abstract

Background: Hyperglycaemia is a salient feature of poorly controlled diabetes mellitus. Rate of protein glycation is
increased with hyperglycaemia leading to long term complications of diabetes. One approach of controlling blood
glucose in diabetes targets at reducing the postprandial spikes of blood glucose. The objectives of this study were
to assess the in vitro inhibitory effects of Costus speciosus (COS) leaves on α-amylase and α-glucosidase activities,
fructosamine formation, protein glycation and glycation-induced protein cross-linking.

Methods: Methanol extracts of COS leaves were used. Inhibitory effects on enzyme activities were measured using
porcine pancreatic α-amylase and α-glucosidase from Saccharomyces cerevisiae in the presence of COS extract.
Percentage inhibition of the enzymes and the IC50 values were determined. In vitro protein glycation inhibitory effect of
COS leaves on early and late glycation products were measured using bovine serum albumin or chicken egg lysozyme
with fructose. Nitroblue tetrazolium was used to assess the relative concentration of fructosamine and polyacrylamide
gel electrophoresis was used to assess the degree of glycation and protein cross-linking in the reaction mixtures.

Results: α-Glucosidase inhibitory activity was detected in COS leaves with a IC50 of 67.5 μg/ml which was significantly
lower than the IC50 value of Acarbose (p< 0.01). Amylase inhibitory effects occurred at a comparatively higher
concentration of extract with a IC50 of 5.88 mg/ml which was significantly higher than the IC50 value of Acarbose
(p < 0.01). COS (250 μg/ml) demonstrated inhibitory effects on fructosamine formation and glycation induced protein
cross-linking which were in par with 1 mg/ml aminoguanidine were detected.

Conclusion: Methanol extracts of COS leaves demonstrated in vitro inhibitory activities on α-glucosidase, fructosamine
formation, glycation and glycation induced protein cross-linking.
These findings provide scientific evidence to support the use of COS leaves for hypoglycemic effects with an added
advantage in slowing down protein glycation.
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Background
Diabetes mellitus is a chronic disease which causes
millions of deaths worldwide each year as a result of the
associated complications [1]. Persistently elevated blood
glucose concentration is a salient feature of poorly
controlled diabetes. As a result, protein glycation is
commenced with the non-enzymatic addition of sugar
molecules into proteins at an accelerated speed, as
the rate of this process depends on the concentration

of sugar. In the early stages of glycation, the sugar reacts
with free amino groups of proteins, to form stable
Amadori products such as fructosamine [2]. Glycation
proceeds over a period of time which leads to the produc-
tion of advance glycation end products (AGEs). AGEs
cause irreversible structural and functional damage to the
affected molecules [3]. Protein cross-linking occurs at the
later part of glycation, further aggravating the tissue
damage especially when the cross-links are formed in
long-lived proteins, such as collagen [4]. Protein glycation
is identified as a primary cause for the development of
chronic diabetic complications such as retinopathy,
nephropathy and cardio vascular diseases [5]. Glycation
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induced cross-linking cause extra cellular matrix proteins
rigid and less susceptible to enzymatic digestion. This
leads to thickening of basement membranes affecting
organ functions as observed in diabetic nephropathy [6].
Furthermore the role of AGEs has been discussed on
aging with a particular emphasis on skin aging [7] and age
related neurodegenerative diseases [8].
Therapeutic agents used for diabetes, target to bring

down the blood glucose concentrations as close as to
normal physiological levels [9]. Some antidiabetic drugs
target key enzymes hydrolyzing the carbohydrates such as
α-amylase and α-glucosidase in order to decrease the
post-prandial elevation of blood glucose [10, 11]. α-
Amylase hydrolyses the initial hydrolysis of starch
into α-limit dextrins, maltose and maltotriose [12]. α-
Glucosidase catalyzes the release of absorbable monosac-
charides from the substrate [13]. As a result, postprandial
spikes of blood glucose appear during the digestion of
dietary starch. Inhibition of α-amylase and α-glucosidase
delays carbohydrate digestion and decrease glucose
absorption bringing down the post-prandial elevation of
blood glucose. Inhibition of protein glycation is another
therapeutic approach which can delay the progression
of diabetic complications. However, the synthetic
drugs which act as inhibitors of amylase, glucosidase
and glycation show side effects in addition to the
desirable effects [3, 11].
Natural remedies used since ancient times became

popular as effective, inexpensive and safe mode of treating
diabetes [14]. It is recognized that there are more than
1,200 species of plants with hypoglycemic activity [15]. A
review on the medicinal plants used to treat diabetes by
ayurvedic and traditional physicians in Sri Lanka has
reported the use of approximately 126 antidiabetic plants
including Costus speciosus leaves [16]. However, most of
these are used in traditional practice without a proper
scientific scrutiny [17].
Costus speciosus (COS) or Cheilocostus speciosus is

used to treat various diseases and are used as an orna-
mental plant too [18]. It belongs to the family Costaceae
(Zingiberaceae). The genus Costus consists of approxi-
mately 175 species [19]. COS is a plant that is known as
Thebu in Sinhala and crepe ginger or spiral ginger in
English. Leaves of COS are arranged spirally around
the trunk. Rhizome of COS is reported to possess
hypoglycemic properties. Leaves of COS are popular
among Sri Lankans which are included in the main
meals as a salad [20–22]. Consumption of COS leaves
are believed to be effective in controlling the blood
glucose and lipid levels [21, 23]. A recent study
conducted in Sri Lanka has shown that the usage of
herbal medicines is 76 % among a group of 252 type
2 diabetic patients investigated who were on one or
more oral hypoglycaemic agents [24]. Among them

47 % have consumed COS leaf as a salad in their
main meals [24]. It is known that diabetic patients eat one
leaf daily in India to keep the blood glucose concentration
low [25]. COS was among three commonly used (>20 %
usage) plants to lower blood glucose concentration by the
Puerto Rican population [26]. Remedies prepared from
two plants including COS are commonly known as
“insulin” by the studied population in Puerto Rican
[26]. When investigated, it was recognized that a daily
dosage of approximately 0.8 of a COS leaf (~2.5 g
fresh leaf ) is consumed [26].
Several investigations have proven the hypoglycaemic

effects of COS rhizome in alloxan or streptozotocin in-
duced diabetic rats [27–30]. However, evidence to prove
the effectiveness of COS leaf are lacking. Furthermore
there are no reports on the antiglycation potential of
COS leaves as per up to date literature. The objective of
this study was to assess the in vitro inhibitory effects of
Costus speciosus leaves on α-amylase and α-glucosidase
activities, fructosamine formation, protein glycation and
glycation-induced protein cross-linking.

Methods
Plant parts
Leaves of Costus speciosus (Koenig) Smith (Family
Costaceae) were collected in March 2013 from Moratuwa,
Sri Lanka, authenticated by the Deputy Director/National
Herbarium and the voucher samples (Voucher No.
HKIP-SLS-BIO-2013-02) were deposited at the National
Herbarium, Royal Botanical Gardens, Peradeniya, Sri Lanka.

Preparation of methanol extracts
COS leaves were collected, cleaned and dried under
shade for approximately 10 days. Dry leaves were
ground using an electric grinder. Dry powder (10 g)
of COS leaves was extracted three times with metha-
nol (100 ml) using the sonicator. Filtered methanol
was evaporated using the rotary evaporator (Buchi
RII) at a temperature below 50 °C [31]. Dry form of
the crude methanol was resuspended in phosphate
buffer (pH 7.4) to the required working concentra-
tions prior to the experiments.

Measurement of α-Amylase inhibitory effect of COS leaves
α-Amylase inhibitory effect of COS extract was assessed
using the pre-incubation method as described by
Geethalakshmi et al. [32] from the method adapted from
Bernfeld [33]. Porcine pancreatic α-amylase (Sigma)
in ice-cold distilled water (5 unit/ml solution) and
potato starch (1 % w/v) in 20 mM phosphate buffer
(pH 6.9) with 6.7 mM sodium chloride were used.
COS extract (40 μl) was mixed with 40 μl α-amylase
and 80 μl of 20 mM phosphate buffered saline
(pH 6.9) and pre-incubated for 15 min at 37 °C. Final
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concentration of COS extract used was 1 to 6.5 mg/ml.
Starch (40 μl) was added after the pre-incubation and the
reaction mixtures were incubated for 15 min at 37 °C.
Dinitrosalicylic acid colour reagent was added (100 μl) to
the tubes and incubated at 85 °C for 15 min. Distilled
water (900 μl) was added to the tubes and the absorbance
was measured at 540 nm. Appropriate blanks and
controls were carried out. Acarbose (Sigma) was used
as the standard inhibitor.

Measurement of α-Glucosidase inhibitory effect of
COS leaves
α-Glucosidase inhibitory effect of COS extract was
assessed using the method described by Elya et al.
[34]. Sodium phosphate buffer (pH 6.8) (200 μl) and
120 μl of 1 mM p-Nitrophenyl α-D-Glucopyranoside
(Sigma) was added to the tubes. Plant extract (40 μl)
was added to the test and test blank. Tubes were
pre-incubated for 15 min at 37 °C and then 40 μl of
0.1 U α-glucosidase from Saccharomyces cerevisiae
(Sigma) was added to the tests and the control. Final
concentration of COS extract used was 50 to
100 μg/ml. The reaction mixtures were incubated for
another 15 min at 37 °C and the reaction was termi-
nated using 100 mM sodium carbonate (800 μl).
Absorbance was measured at 405 nm. Acarbose was
used as the standard inhibitor.

Detection of inhibitory effect of COS leaves on
fructosamine formation
Fructosamine formation during the incubation of proteins
with sugar was measured using the method described
by Meeprom et al. [2] with modifications. Briefly,
chicken egg lysozyme (Sigma) was incubated with
500 mM fructose in 200 mM phosphate buffer
(pH 7.4) containing 0.02 % sodium azide. Incubation
was carried out in the dark in the presence or
absence of 250 μg/ml or 5 mg/ml COS extract at
37 °C for 7 days. Aminoguanidine (AG) was used at
1 mg/ml as the positive control. Corresponding
blanks were prepared in the absence of fructose.
Aliquots were collected at day 5 and analyzed for the
reduction of nitroblue tetrazolium. Test samples were
mixed with the 0.1 M sodium carbonate buffer
(pH 10.35) and left for 5 min. Appropriate blanks
were prepared by adding fructose to the test blanks just
before the assay. Nitroblue tetrazolium (0.5 M) in 0.1 M
sodium carbonate buffer (pH 10.35) was added to the
reaction mixtures and incubated at 37 °C for 15 min. Ab-
sorbance at 530 nm was measured. Percentage inhibition
of the relative fructosamine concentration in the presence
of COS and AG was calculated.

Calculation of percentage inhibition*
Percentage inhibition was calculated using the following
formula.

% Inhibition ¼ 100� Absorbance of Test−Absorbance of Test Blankð Þ � 100
Absorbance of Control−Absorbance of Control Blankð Þ

� �

*Applied the formula to calculate the enzyme inhibition
and % inhibition of relative concentration of fructosamine.

Calculation of IC50
The concentration of the extract that inhibits 50 % of the
enzyme activity (IC50) was measured using a series of suit-
able extract concentrations. IC50 values were determined
by plotting percent inhibition (Y axis) versus log10 extract
concentration (X axis) and calculated by logarithmic
regression analysis from the mean inhibitory values.

Statistical analysis
Enzyme inhibitory assays and the fructosamine inhibitory
assay were performed three times. Each experiment was
carried out in triplicates. Statistical analysis was performed
using t-test. p < 0.05 was considered as significant.

Detection of glycation inhibitory effect of COS leaves
Glycation of bovine serum albumin (BSA) (Sigma) was
undertaken in vitro as described by Wijetunge and
Perera [35]. In brief, BSA was incubated with fructose
(500 mM) in 200 mM phosphate buffer (pH 7.4)
containing 0.02 % sodium azide at 37 °C for 30 days.
Incubations were conducted in the presence or absence
of 1 or 5 mg/ml COS extract. AG (1 mg/ml) was used as
the positive control. Corresponding blanks were pre-
pared in the absence of fructose. Aliquots were collected
at day 12 or 13 and day 30 and analyzed for the degree
of glycation, using polyacrylamide gel electrophoresis
(PAGE) under non-denaturing conditions. Electrophoresis
was carried out with the Enduro vertical gel electrophor-
esis system- E2010-P according to the standard Laemmli
method using 10 % polyacrylamide gels [36]. Gels were
stained with Coomassie brilliant blue. Changes in the
migration position of the BSA bands in the aliquots were
compared. Approximate percentage inhibition of glycation
was assessed in comparison to the uninhibited reaction,
based on the decrease in migration of BSA in the presence
of COS extract. Experiments were repeated three times.

Detection of glycation induced protein cross-linking
inhibitory effect of COS leaves
Glycation induced protein cross-linking inhibitory effect
of COS was assessed using the method described by
Perera and Ranasinghe [37]. Briefly, chicken egg lysozyme
(Sigma) was incubated with fructose in the presence or
absence of 250 μg/ml or 2 mg/ml COS extracts for 14 days.
Other conditions were as described in the fructosamine

Perera et al. BMC Complementary and Alternative Medicine  (2016) 16:2 Page 3 of 9

http://scholar.google.com/scholar?hl=en&as_sdt=0,5&as_vis=1&q=Saccharomyces+cerevisiae


assay and incubated for 14 days. Aliquots were collected
at day 6 and 14 and analyzed for the appearance of high
molecular weight products using sodium dodecyl poly-
acrylamide gel electrophoresis (SDS-PAGE). Electrophor-
esis was carried out with the Enduro Vertical Gel
Electrophoresis system- E2010-P according to the stand-
ard Laemmli method using 12 % SDS-polyacrylamide gels
[36]. Gels were stained with Coomassie brilliant blue. Ap-
pearance of high molecular weight products of lysozyme
in the aliquots was compared. Experiments were repeated
three times.

Results
Yield of the methanol extract was 15.8 % from the dry
COS leaf powder. Dry extract was resuspended in phos-
phate buffer immediately before the assays.

α-Amylase inhibitory effect of COS leaves
Even though there was amylase inhibitory effect
observed with COS, the IC50 for amylase inhibition of
COS was 5.88 mg/ml which was significantly higher
than the IC50 value of the standard inhibitor Acarbose
(262.54 μg/ml) for porcine pancreatic amylase (p < 0.01).
The percent α-amylase inhibitions (%) of COS at varying
concentrations are shown in Fig. 1.

α-Glucosidase inhibitory effect of COS leaves
α-Glucosidase inhibitory effect observed with COS
leaves was significantly higher than that of α-amylase in-
hibitory effects (p < 0.01). IC50 for glucosidase inhibition
of COS was 67.5 μg/ml which was significantly lower
than the IC50 value of the standard inhibitor Acarbose
(208.53 μg/ml) for yeast glucosidase (p < 0.01). The
percent α-glucosidase inhibitions (%) of COS at varying
concentrations are shown in Fig. 1.

Inhibitory effect of COS leaves on fructosamine formation
Fructosamine formation was compared using aliquots
collected on day 5 of the incubation. Difference between
the absorbance of the test and blank is proportionate to
the relative concentration of fructosamine present in the
aliquot. There was a significant reduction of the relative
fructosamine concentration compared to the uninhibited
control (p < 0.01) with an inhibition of 53.42 % in the
presence of 250 μg/ml and 89.95 % in the presence
5 mg/ml of COS extract (Fig. 2). AG showed an inhib-
ition of fructosamine formation by 47.95 % (Fig. 2).

Glycation inhibitory effect of COS leaves
Migration of BSA towards the anode was increased
(downward arrow) in the presence of fructose (Fig. 3).
Previously we have reported that this increase is propor-
tionate to the degree of glycation [35]. The increase in
BSA migration was retarded in the presence of COS
(upward arrow) indicating glycation inhibition (Fig. 3).
This inhibition was similar to that of the standard
inhibitor AG (results not shown). Such a change in
migration did not occur in the absence of fructose even
when the plant extract (5 mg/ml) was included in the
reaction mixture (Fig. 3). Inhibitory effects of COS was
observed with both 1 and 5 mg/ml concentrations and
the inhibition lasted even on day 30 (Fig. 3). However,
the degrees of inhibition seem to reduce with longer
incubation and lower concentration of COS, as denoted
by the increase in the gap between the height of the two
arrows in Fig. 3b and c compared to that of a.

Glycation induced protein cross-linking inhibitory effect
of COS leaves
High molecular weight products of lysozyme were formed
in the presence of fructose (Fig. 4). Previously we have
reported that the amount of such products formed is
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proportionate to the degree of glycation induced protein
cross-linking [37]. These products represented the dimer,
trimer and tetramer of lysozyme as demonstrated previ-
ously using molecular weight markers [37]. There was a re-
duction in the amount of high molecular weight products
formed in the presence of AG and COS leaf extract indi-
cating inhibition of protein cross-linking. The inhibition
observed after 14 day incubation with 2 mg/ml COS
extract was in parallel with that of AG (Fig. 4a). Inhibitory
effect of COS was observed even at a lower concentration
(250 μg/ml) of extract (Fig. 4b). High molecular weight
products were not detected in the absence of fructose even
when COS was included in the reaction mixture (Fig. 4b).

Discussion
Hyperglycaemia is an independent risk factor in the
development of chronic diabetic complications. There-
fore the management of type 2 diabetes relies on the
maintenance of blood glucose concentration in a normal
or near normal level [9]. COS leaves are consumed in the
Sri Lankan diet [20–22] and are used to treat diabetes
[16, 24, 26]. However, scientific evidence to support
the hypoglycaemic effects of COS leaves are lacking. Some
plants are known to have glycation inhibitory effects
which will provide additional benefit. Antiglycation effects
may delay glycation induced diabetic complications even
when blood glucose is elevated. As per up to date litera-
ture, there are no reports available on the effects of COS
leaves on the formation of early or late glycation products.
The present study revealed the inhibitory effects of COS
leaves on the α-glucosidase, fructosamine formation, pro-
tein glycation and glycation induced protein cross-linking.
Several investigations carried out using alloxan or

streptozotocin induced diabetic rats have proven the
hypoglycaemic effects of COS rhizome. Results of these

studies show that COS rhizome increases the insulin
secretion and peripheral utilization of glucose. Most of
these studies also have shown cholesterol lowering
effects of COS. The ethanol extract of COS rhizome
showed a significant reduction in blood glucose, glyco-
sylated haemoglobin and increase in liver glycogen and
insulin in alloxan induced diabetic rats treated for
60 days (27). Furthermore improvements in many other
biochemical parameters such as cholesterol lowering
effects were observed in the test group [27]. These
effects were comparable with those of hypoglycaemic
drug glibenclamide. Ethanol extract of COS roots
decreased blood glucose and increased the expression
of insulin, insulin receptor, glucose transporter, gluco-
kinase, aldolase, pyruvate kinase, succinate dehy-
drogenase and glycogen synthase in streptozotocin
induced rats treated for 4 weeks [28]. Ethanol extract of
COS root significantly reduced blood glucose concentra-
tion, increased glycogenesis and decreased gluconeogenesis
in alloxan induced rats treated for 4 weeks [29]. Improve-
ment of lipid parameters and hepatic antioxidant enzyme
activities were also observed in their study [29]. Petroleum
ether, chloroform, methanol and aqueous extracts of COS
rhizome were studied in streptozotocin induced diabetic
rats on the oral glucose tolerance after a single dose of ex-
tracts and the hypoglycaemic effects after multiple doses of
extracts for 14 days [30]. Hypoglycaemic effects observed
were highest with methanol and water extracts of COS
which were in parallel with glibenclamide [30].
Diosgenin is the major constituent isolated from COS

[38] and a quantity of 0.37 % was found in leaves [39].
Gavillán-Suárez et al. demonstrated the presence of high
content of alkaloids in COS leaves [26]. Among the
compounds isolated from COS and other species of
genus Costus that have shown hypoglycaemic effects
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with a concomitant increase in insulin in diabetic rats
include diosgenin [40], eremanthin [41], costunolide
[42], quercetine glycosides [43] and the pentacyclic tri-
terpene β-Amyrin [44]. Eremanthin isolated from COS
rhizome has significantly reduced blood glucose level in
a dose dependent manner and glycosylated hemoglobin
HbA1c in streptozotocin induced diabetic rats treated
for 60 days [41]. Eremanthin has also increased plasma
insulin and tissue glycogen while showing hypolipidae-
mic effects [41]. Costunolide (20 mg/kg) isolated from

COS root has significantly decreased glycosylated
hemoglobin (HbA1c), total cholesterol, triglyceride, LDL
cholesterol, markedly increased plasma insulin, tissue
glycogen, HDL cholesterol and serum protein and re-
stored the altered liver enzymes in plasma in streptozo-
tocin induced diabetic rats treated for 30 days [42].
Among the few studies investigating antidiabetic

effects of COS leaf, one study reported the effect of COS
leaf methanol extract and water extract in reversing the
insulin resistance induced by a high fat diet in male

Fig. 3 Glycation inhibitory effect of COS. PAGE was conducted. a: with aliquots collected on day 12 with 5 mg/ml extracts. b: with aliquots
collected on day 30 with 5 mg/ml extracts. c: with aliquots collected on day 13 with 1 mg/ml extracts. -P: in the absence of COS, COS: in the
presence of COS, −Fructose: in the absence of fructose, +Fructose: in the presence of fructose. Experiment was repeated three times
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Wistar rats treated for 4 weeks [21]. Another study
reported the glucose binding capacity and the reduction
of glucose diffusion rate with COS leaf extracts in vitro
[45]. They also have stated an amylase inhibitory effect of
18 % which was significantly lower than that of Acarbose
with 2 % COS leaf using a slightly different method [45].
These findings suggested possible mechanisms of COS
leaf extract in delaying the intestinal glucose absorption. A
significant association of hypoglycaemia was revealed with
the inclusion of COS leaves in the diet in diabetic patients
who were on oral hypoglycaemic drugs [24].
Previous findings with COS rhizome showed multiple

effects of the extract in the body which can bring down
the blood glucose [27]. Effect of the COS on the intes-
tinal absorption of glucose was not reported in these
studies except for a very recent study which revealed a
marginal amylase inhibitory effect [45]. Even though the
amylase inhibitory effects seen in COS leaf is marginal
in the current study in agreement with the previous
study [45], the current study reveals a significant inhibi-
tory effect of COS on glucosidase activity. Hence COS
leaf is likely to blunt the post prandial blood spikes of
blood glucose.
Antiglycation effects of C. speciosus leaves were not

reported as per up to date literature. A few previous
studies have shown a significant reduction in glycosylated
haemoglobin with eremanthin isolated from COS rhizome
for 60 days [41] and costunolide isolated from COS rhi-
zome for 30 days [42] with a reduction in blood glucose.
As the specific antiglycation mechanisms were not investi-
gated in these studies, whether the decrease demonstrated
in glycosylated haemoglobin was a direct effect of the ex-
tract or an indirect effect resulted due to lowering of
blood glucose is not clear. It is known that antiglycation

effects are correlated with antioxidant activity [46]. There
is evidence for antioxidant activity of COS rhizome. Cos-
tunolide and eremanthin isolated from the root of COS
demonstrated a significant increase in the activity of
superoxide dismutase, catalase and glutathione peroxidase
when streptozotocin induced diabetic rats were treated for
60 days [47]. Inhibitory effect of C. pictus leaves (another
species of the genus Costus known as “insulin plant”) on
early glycation product fructosamine was assessed using
the nitoblue tetrazolium reduction method. Results
showed approximately 50 % inhibition of early glycation
products by 100 μg/ml methanol extracts of C. pictus
leaves which was in par with the standard inhibitor AG
[48]. We have demonstrated in vitro protein glycation in-
hibitory effects of COS leaves for the first time, using three
methods to monitor inhibition of early as well as late
glycation products in the presence of high concentration
of sugar. Effect of the COS extract on fructosamine forma-
tion at 250 μg/ml observed in the current study matches
with the findings of 100 μg/ml C. pictus leaves [48].
Whether the inhibition observed in our study on the for-
mation of late glycation products (protein cross-links) is
due to the inhibition that occurred on early glycation
events or due to inhibitory effects that occur on several
stages is not identified. It is understood that a plant with
glucose lowering effects will bring down the glycation as a
result of the reduction of substrate concentration. How-
ever, the methods we adopted are designed to check the
inhibitory effects on glycation at high concentration of
sugar and therefore are likely to be independent from the
hypoglycaemic effects of the extract.
Current study indicates possible mechanisms of COS

leaf which may cause hypoglycaemic effects and effects
which may delay the chronic diabetic complications

Fig. 4 Glycation induced protein cross-linking inhibitory effect of COS. SDS PAGE was conducted. a: with aliquots collected on day 14 with 2 mg/ml
extract. b: with aliquots collected on day 6 with 250 μg/ml extract. -P: in the absence of COS, COS: in the presence of COS, −F: in the absence of
fructose, +F: in the presence of fructose. Experiment was repeated three times
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in vivo. Even though the methods used are simple, they
have been validated for accuracy and reproducibility.
However, one limitation of the present study is that the
difficulty of making a judgment on the in vivo efficacy
purely based on the results of the findings made in vitro.
Another limitation is that the safety of the use of COS
extracts was not investigated. However, there are no re-
ports on toxic effects of COS leaves and the documented
evidence show the resistance to toxic effects caused by
substances such as streptozotocin. It was revealed that
50, 100, 150 mg/kg COS leaf water extract cause strong
inhibitory effects against the genotoxicity and histo-
pathologic alterations induced by streptozotocin in
rats [23]. Even the administration of higher doses
(1500 to 3000 mg/kg) of COS leaf aqueous extract
orally for 12 weeks did not show features of liver or
renal toxicity in insulin resistant rats [22]. Similar
evidence on the safety was obtained when the cell
viability was measured in cell cultures with methanol
extract of COS leaf [49] and ethyl acetate and water
extracts of COS leaf [20]. According to the previous
literature on the dosage of COS leaf used to lower blood
glucose [26], an approximate daily dose of 57.45 mg
(~0.82 mg/kg assuming a body weight of 70 kg) COS leaf
methanol extract could be suggested to investigate the
efficacy in humans. This dosage is far below the dosage
used in experimental animals [22, 23].

Conclusion
The in vitro inhibitory effects of COS leaves on α-
glucosidase activity was demonstrated for the first time
which may be one mechanism of exerting hypoglycaemic
effects of COS leaves in vivo. For the first time the
current study reveals the inhibitory effects of COS leaves
on the formation of early and late glycation products such
as fructosamine and protein cross-links respectively in the
presence of high concentration of fructose. These findings
provide scientific evidence to support the use of COS
leaves for hypoglycemic effects with an added advantage
in slowing down protein glycation. Further studies are
necessary to evaluate the possibility of using COS leaves
as a safe alternative to synthetic antidiabetic drugs.
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