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The present study aimed to assess the antihyperglycemic effect of Cleome droserifolia (samwa) ethanol
extract in alloxan-induced diabetic rats and to shed more light on the phytochemical screening of this
plant and the chemical analysis of its ethanol extract. Alloxan-induced diabetic male albino rats were
treated with ethanol extract at intragastric dose level of 200 mg/kg body weight for 4 weeks and were
compared with the diabetic control rats given the equivalent amount of the vehicle
(dimethylsulfoxide, DMSO). Oral glucose tolerance test, liver glycogen and serum insulin were
determined. The chemical screening of C. droserifolia (samwa) indicated the presence of glycosides
and/or carbohydrates, cardenolides, saponins, sterols and/or triterpenes, tannins, catechins and
flavonoids. The treatment of the diabetic rats with samwa ethanol extract exerted marked amelioration
of the deteriorated glucose tolerance and the impoverished liver glycogen content without concomitant

increase in serum insulin concentration. Moreover, the administration of the extract caused a
noticeable increase in the islets cells number with marked amelioration in the islet architecture.
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INTRODUCTION

With the increasing incidence of diabetes mellitus in rural
populations throughout the world and the inability of
current therapies to control all metabolic defects of the
disease and their pathological consequences in addition
to the great expense of modern therapy, there is a clear
need for the development of alternative strategies for
diabetes therapy. Moreover, the World Health
Organization expert methods of treatment for diabetes
should be further investigated (WHO Report, 1980;
Comfort, 1988). Thus, renewed attention to alternative
medicines and natural therapies has stimulated a new
wave of research interest in traditional practices (Day
and Bailey, 1988; Day, 1990; Ahmed et al., 2010;
Abdel-Moneim et al., 2000; Ahmad, 2003). Traditional
antidiabetic plants might provide a useful source of new
oral hypoglycemic compounds for development as
pharmaceutical entities, or as simple dietary adjuncts to

the existing therapies (Ahmad, 2003). Those that have
been evaluated may be grouped into three categories:
(1) plants from which a reputedly hypoglycemic
compound or partially characterized hypoglycemic
fraction has been prepared, (2) plants reported to exert
a hypoglycemic effect, but the nature of the active
principle is unestablished, and (3) plants that reputedly
exert an hypoglycemic effect, but the scientific evidence
is equivocal. A survey of the literature has shown that a
large variety of compounds obtained from several plants
was found to be responsible for the hypoglycemic action.
Of these are glycosides, glycans, sulfide molecules,
polysaccharides, oils, vitamins, alkaloids, saponin,
glycoproteins, peptides and amino acids from different
plant families (Chen et al., 2009; Atta-Ur-Rahman and
Zaman, 1989; Marles and Farnsworth, 1995).

Cleome droserifolia (Samwa) is used as a decoction in
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Sinai by Bedouins for the treatment of diabetes mellitus. It
belongs to family Cleomacea or Capparaceae (Genus:
Cleome), which may be considered as very important
herb and highly used in folk treatments in Sinai.

El-Shenawy and Abdel-Nabi (2006) reported that C.
droserifolia ethanolic extract exhibited antihyperglycemic
properties and enhanced insulin release in alloxan-
induced diabetic. El-Seifi et al. (1993a,b) demonstrated
that C. droserifolia decoction fluid produced marked
amelioration of glucose tolerance and serum insulin
concentration of the diabetic rats in vivo and increased
insulin release from the islets of Langerhans isolated
from normal rats which suppressed the rise of blood
glucose concentration, both in the fasting state and after
glucose intake (Nicola et al., 1996)

The purpose of the present work was to evaluate the
hypoglycemic activity of C. droserifolia ethanol extract in
alloxan diabetic male albino rats and to shed light on the
preliminary phytochemical screening of this plant and the
chemical analysis of its ethanol extract.

MATERIALS AND METHODS
Plant

C. droserifolia, belonging to the family Cleomaceae, is a perennial
and wild shrublet that grows on rocky fragments in Sinai, Red
Sea and Gebel Elba. Its local name is samwa and it was
purchased from spice shops in Cairo (Egypt).

Preparation of plant extract

The aerial parts of herb were used; the ethanol extracts were
prepared by soaking 100 g of the dry powdered plant materials in 1
L of ethanol (95%) at room temperature for 48 h. The extracts were
filtered after 48 h, first through a Whatmann filter paper No. 42 (125
mm) and then through cotton wool. The extracts were concentrated
using a rotary evaporator with the water bath set at 40°C. The
remained residual part of the herb was further extracted with
ethanol and the filtrate was concentrated under vacuum using
rotary evaporator. The resultant extract was stored in a glass
container at -20°C pending bioassay.

Phytochemical screening of the tested plant “C. droserifolia”
Phytochemical screening was performed using standard
procedures (Sofowora, 1993; Trease and Evans, 1989) glycoisdes
and/or carbohydrates, cardenolides, saponins, sterols and/or
triterpenes, tannins flavonoids and amino acids.

Test for carbohydrates (Molisch’s test)

To 0.5 g of extract diluted to 5 ml in water was added, 2 drops of
alcoholic a-naphthol solution in a test tube. Formation of the violet
ring at the junction indicates the presence of carbohydrates.

Test for cardenolides (Keller-Killiani test)

To 0.5 g of extract diluted to 5 ml in water was added 2 ml of
glacial acetic acid containing one drop of ferric chloride solution. To

this solution 1 ml of concentrated sulphuric acid was added slowly,
while the test tube is tilted. A brown ring at the interface indicated
the presence of a deoxysugar characteristic of cardenolides. A
violet ring may appear below the brown ring, while in the acetic
acid layer a greenish ring may be formed just above the brown ring
and gradually spread throughout this layer.

Test for saponins

To 0.5 g of extract was added 5 ml of distilled water in a test
tube. The solution was shaken vigorously and observed for a stable
persistent froth. The frothing was mixed with 3 drops of olive oil
then mixed vigorously. Formation of an emulsion was observed.

Test of phytosterols
Salkowski’s test

Extracts were treated with chloroform and filtered. The filtrates were
treated with few drops of concentrated sulphuric acid then mixed
and allowed to stand. Appearance of golden yellow color indicates
the presence of triterpenes.

Libermann Burchard’s test

Extracts were treated with chloroform and filtered. The filtrates were
treated with few drops of acetic anhydride, boiled and cooled.
Concentrated sulphuric acid was added. Formation of brown ring at
the junction indicated the presence of phytosterols.

Test of tannis

About 0.5 g of the extract was boiled in 10 ml of water in a test tube
and then filtered. A few drops of 0.1% ferric chloride was added. A
brownish green or a blue-black coloration occurred.

Test for flavonoids

Three methods were used to test for flavonoids. First, dilute
ammonia (5 ml) was added to a portion of an aqueous filtrate of
the extract. Concentrated sulphuric acid (1 ml) was added. A
yellow coloration that disappeared on standing indicated the
presence of flavonoids. Second, a few drops of 1% aluminium
solution (aluminum acetate was used to prepare this solution) were
added to a portion of the filtrate. A yellow coloration indicated the
presence of flavonoids. Third, a portion of the extract was heated
with 10 ml of ethyl acetate over a steam bath for 3 min. The mixture
was filtered and 4 ml of the filtrate was mixed with 1 ml of dilute
ammonia solution. A yellow colouration indicated the presence of
flavonoids. L of ethanol (95%) at room temperature for 48 h. The
extracts were filtered after 48 h, first through a Whatmann filter
paper No. 42 (125

Test of amino acids

To the extract, 0.25% w/v ninhydrin reagent was added and
boiled for few minutes. Formation of blue color indicated the
presence of amino acid.

Experimental animals

White albino rats (Rattus rattus) weighing 180 to 200 g each were



used as experimental animals in the present investigation. They
were kept under observation for about 15 days before the onset of
the experiment to exclude any intercurrent infection. The chosen
animals were housed in stainless steel cages. All animals were
kept at room temperature (25 + 5°C), with a natural 12 h lighting
cycle, and were allowed access of water ad libitum and fed a
standard diet of known weight and composition (16% protein, 3.2%
fats, 13.2% fibers and 67.6% carbohydrates, vitamins and
minerals).

Induction of diabetes

Diabetes mellitus was induced in the adult healthy rats by a single
intraperitoneal injection of alloxan monohydrate (2,4, 5, 6-
tetraoxohexa- hydropyrimidine) (Sigma Company) at a dose level of
150 mg/kg body weight dissolved in phosphate citrate buffer (pH 4)
(Gold, 1970; Klebanoff and Greenbaum, 1954). Rats were deprived
of food for 16 h before alloxan injection.

After seven days of alloxan injection, rats were deprived of food
overnight (12 to 14 h) and they were then given glucose (3 g/kg
body weight) by gastric intubation. After 2 h of glucose
administration, blood samples were taken from the retro-orbital
venous plexus according to the method of Sorg and Buckner
(1964) centrifuged and serum glucose level for each rat was
measured. Rats with serum glucose concentrations after 2 h of oral
glucose administration ranging from 180 to 300 mg/dl were
considered as mild diabetic animals and included in the experiment.

Animal grouping

The selected animals were divided into three main groups including
normal, diabetic control and diabetic treated animals. The diabetic
treated group was daily administered samwa ethanol extract,
dissolved in dimethylsulfoxide (DMSO) as a vehicle, at a dose level
of 200 mg/kg body weight by intragastric intubation for 4 weeks.
The first two groups were given the same equivalent amount of a
vehicle for the same period and by the same route as the diabetic
treated animals.

Blood and tissue sampling

At the end of the tested periods, normal, diabetic control and
diabetic-treated rats were sacrificed under diethyl ether anaethesia.
Blood samples were taken and centrifuged at 3000 rpm for 15 min.
The clear non-haemolysed supernatant sera were quickly removed
and kept at -20°C till used. Oral glucose tolerance test was also
performed on the day before sacrifice by oral administration of 3 g
glucose/kg body weight, then blood samples were taken from
retro-orbital venous plexus after 0, 30, 60, 90 and 120 min of
glucose intake.

The pancreas was rapidly excised from each animal, fixed in
10% neutral buffered formalin and transferred to National Cancer
Institute, Cairo University, Egypt for preparation and staining with
trichrome Periodic acid-Schiff (PAS) method.

The liver was also immediately removed from each rat. A part of
the tissue was used for glycogen estimation.

Biochemical analyses

Glucose was determined in serum according to the
enzymaticmethod described by Siest and Schielef (1981) using
kits supplied by BioMerieux Chemicals Company (France). Serum
insulin was assayed in the Radioactive Isotopes Unit, National
Research Centre (Dokki, Giza) by coat-A-count
radioimmunoassay kits supplied by Diagnostic Products
Corporation, Los Angeles, USA, according to the method of
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Marschner et al. (1974). Hepatic glycogen content was estimated
according to the method described by Kemp and Adrienne
(1954) using reagents prepared in the laboratory.

Statistical analysis

Student “t” test (Snedecor and Cochran, 1980) was performed to
evaluate the effect of treatment with each of the tested agents. For
each parameter, the diabetic control group was compared with the
normal one while the diabetic treated group was compared with the
diabetic control one. Values with P>0.05 were considered non-
significant but values with P<0.05, P<0.01 and P<0.001 were
considered statistically significant, highly significant and very highly
significant, respectively.

RESULTS
Chemical screening of samwa ethanol extract

The preliminary phytochemical analysis of C. droserifolia
(samwa) herb revealed the presence of glycoisdes and/or
carbohydrates, cardenolides, saponins, sterols and/or
triterpenes, tannins flavonoids, and amino acids.

Biochemical effects

Oral glucose tolerance curves of normal, diabetic control
and diabetic treated rats are as shown in Figure 1. The
serum glucose concentration at all points (0, 30, 60, 90
and 120 min) of glucose tolerance test was very highly
significantly (P<0.001) elevated in the diabetic control
rats as compared to the corresponding values of normal
ones. The administration of extract for 4 weeks induced a
marked amelioration of the glucose tolerance of diabetic
rats. The effect was significant at all times of glucose
tolerance test due to samwa ethanol extract.

Serum insulin concentration and liver glycogen content
variations as a result of diabetes and its treatment with
the tested agents are shown in Table 1. Both variables
were dramatically (P<0.001) depleted in the diabetic non-
treated group after the 4th week of experimental period.
However, while serum insulin concentration exhibited a
non-significant change in the entire diabetic treated
groups as compared to the diabetic control one, the
liver glycogen content depicted a significant increase.
The effect of the extract on liver glycogen content was
very highly significant (P<0.001) and the percentage
change was +936.269%. Both ratios of serum insulin-
increasing to glucose-decreasing activity and serum
insulin-increasing to liver glycogen-increasing activity
exhibited positive values for the diabetic control rats and
negative values for the diabetic treated ones (Table 1).

Histological effects

In normal animals (Figure 2A), the islets of Langerhans,
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Figure 1. Effect oral administration of samwa-chloroform extract on glucose tolerance
test (OGTT) of alloxan diabetic male albino rats.

+++Very highly significant as compared to normal. *, **, *** Significant, highly significant
and very highly significant.

Table 1. Fasting serum glucose and insulin concentration and liver glycogen content of normal, diabetic non-treated and
diabetic treated rats.

Parameter Normal Normal-treated Diabetic Diabetic-treated
Liver glycogen (mg/g tissue) 7.66+0.67 11.500+1.80 1.16+0.06 12.00+1.78*
Fasting glucose (mg/dl) 94.60+2.98 102.63+1.02" 184.45+8.44 99.32+6.33*
Insulin (UIU/ml) 24.54+1.24 31.67+4.60 13.39+1.56 10.50+1.23

Data are expressed as mean + standard error (SE). Number of animals in each group is five. Values significant compared to those of
normal rats: *P < 0.0.05. Values significant compared to those of diabetic non-treated rats: * P < 0.0.05

which constitute the endocrine portion of the pancreas surrounded by the exocrine part consisting of pancreatic
are diffused throughout the pancreas as irregular masses acini. The cells of the islets are arranged in irregular



Figure 2. Photomicrographs of a section of the pancreas of rats
showing normal rats (A), alloxan- induced diabetic non-treated
rats (B) and diabetic treated rats with samwa ethanol extract
(C) showing increased alpha (a) and beta (b) cells as compared
with the diabetic non-treated rats. The vacuolation and necrotic
foci disappeared. Delta cells (d) are also visible

cords and include three main types, alpha (a), beta (b)
and delta (d) cells. All these cells are irregular,
granular and polygonal with central and spheroid nuclei.
Beta cells are the most abundant cells found, occupying
the core of the islets and contain numerous granules.
Alpha and delta cells form the periphery of the islets.
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Delta cells are usually located adjacent to the alpha cells
and somewhat larger in size.

Following alloxan injection, at the dose level of 150
mg/kg body weight profound alterations in the pancreatic
islets cells were observed and the normal architecture of
the islets were disrupted. These alterations include great
reduction of islets cells, vacuolation, and necrotic foci
(Figure 2B).

As a result of treatment with the tested extract,
the islets regained their normal architecture, the
number of alpha and beta cells per islet was profoundly
increased, vacuolation and necrotic foci disappeared, and
alpha and beta cells appeared more intact and granulated
(Figure 2C).

DISCUSSION

In the present study, alloxan was used to induce an
experimental hyperglycemic state in albino rats. Several
reports have been published on the effect of alloxan and
streptozotocin on the glycemic state of different species
of animals (Ahmed, 2003; El-Shenawy and Abdel-Nabi,
2006; El-Seifi et al., 1993a,b; Gunnarson et al., 1974;
Annamala and Augusti, 1980; Al-Awadi et al., 1985;
Noreen, et al., 1988; Rawi et al., 1996; Abdul-Moneim et
al., 1997; Ahmad, 2001). These studies indicated that
both substances have cytotoxic effect on B-cells in the
pancreatic islets and can induce chronic or permanent
diabetes mellitus in these animals. Although alloxan and
streptozotocin are structurally different, it has been
reported that their immediate action converges into
common mechanisms such as generation of oxygen free
radicals, alteration of endogenous scavengers of these
reactive species, the enhancement of DNA strand breaks,
the suppression of nicotinamide adenine dinucleatide
(NAD) level and ultimately inhibition of B-cell functions or
their  destruction (Ahmed, 2003; Marles and
Farnsworth, 1995; Gaulton et al., 1985; Yoon, 1990;
Pustai et al., 1996).

After several trials with various doses of alloxan, a
single intraperitoneal dose of 150 mg/kg body weight
in male albino rats was used in the present
investigation which led to chronic hyperglycemia and
marked decrease of serum insulin level (-45.436%).
This result agrees well with the theoretical and
practical consideration which postulated that the
diabetogenic dose of alloxan could affect B-cells, insulin
secretion and led to elevated blood glucose and
impaired glucose tolerance (Ahmed, 2003; Begum and
Bari, 1985; Rawi, 1995). The present data are also in
accordance with that of Noor and Ashcroft (1989) who
reported that the basal insulin level was lowered by
53.38% in adult male rats one week post-intravenous
injection of 35 to 40 mg alloxan/kg body weight.
Moreover, Rawi et al. (1998) found that serum insulin
level of male albino rats decreased by 83.216% after
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the 4th week of diabetes induction with 150 mg/kg body
weight alloxan injected intraperitoneally.

The treatment of alloxan diabetic rats in this experiment
with  samwa ethanol extract produced marked
amelioration of the impaired glucose tolerance. These
results are in accordance with the previous reports, which
revealed that C. droserifolia water extract produced an
improvement in the hypoglycemic condition of diabetic
rats (El-Seifi et al.,, 1993). Furthermore, Nicola et al.
(1996) found that samwa extract significantly
suppressed the rise in peripheral blood glucose
concentrations, both in the fasting state and after
glucose intake, which indicated the lowering effect of the
plant extract on hepatic glucose output. Our result also
indicated that serum insulin concentration was not
significantly affected as a result of treatment of alloxan
diabetic rats with the tested extract. Moreover, the
diabetes induced decline in the liver glycogen content
was markedly alleviated after samwa ethanol extract
administration for 4 weeks. The rise in hepatic glycogen
content of the diabetic treated rats may be attributed to
the increase in the activity of glycogen synthetase
enzyme (Rawi et al., 1996; Abdel-Moneim et al., 1997,
Shanmugasundaram et al., 1983). Another possible
explanation for the increase in liver glycogen is that the
treatment of alloxan diabetic rats with sulfur containing
ingredients of samwa extract might have caused
inhibition of glucose-6-phosphatase followed by inhibition
of glycogen phosphorylase activity and consequently
reduced glycogen breakdown (Saleh et al., 1974;
Blumenthal et al., 1979; McGuinness et al., 1987; Parto
et al., 1991). The improvement of glucose tolerance and
liver glycogen content as a result of treatment with the
extract, in spite of the non-significant change of serum
insulin level, led us to suggest that the extract may
enhance insulin action and/or have insulin mimetic
effects rather than being stimulants of insulin secretion.
This assumption is confirmed by the ratios of insulin-
increasing to glucose-decreasing activity and values of
serum insulin increase percent to liver glycogen increase
percentage, which exhibited positive values for the
studied diabetic control animals and negative values for
diabetic treated ones. This indicates that the serum
glucose-lowering and liver glycogen-increasing activities
of samwa ethanol extract are independent of the
insulin-increasing activity. Thus, it is worth mentioning
that the extract may have potent extra pancreatic effects.
Consistent with this study, Nicola et al. (1996) reported
that the hypoglycemic effect of C. droserifolia extracts
was not accompanied with insulin secretion, but the
effect was mediated either by the potentiation of
peripheral and hepatic insulin sensitivity or decreasing
the intestinal glucose absorption (Nicola et al., 1996). In
contrast, other authors revealed that C. droserifolia
decoction fluid and ethanolic extract markedly
increased serum insulin level in streptozotocin and
alloxan-induced diabetic rats, which in turn had a

great role in improving the glycemic state in these
animals (El-Shenawy and Abdel-Nabi, 2006; El-Seifi et
al.,

1993a,b; Rawi, 1995).

From the histological point of view, it was found that
the diabetic rats exhibited degenerative changes in the
islets of Langerhans with marked loss of their cells. The
treatment of the diabetic animals with the extract
produced marked amelioration of the islets architecture
with an increased number of a and B-cells. The newly
formed islet cells may be regenerated from the remained
ones that survived alloxan intoxication or from the duct
epithelium of the exocrine portion of the pancreas (Abdel-
Moneim et al., 2001; Ahmed, 2003; Rerup, 1970). The
non-significant decrease of fasting serum insulin level in
the diabetic treated rats accompanied with improved
glucose tolerance and islets architecture with increased
number of B-cells was explained by the forthcoming
authors. Bondansky et al. (1982), Judzewitsch et al.
(1982) and Hosker et al. (1985) suggested that blood
glucose control without an elevated serum insulin level
may be attributed to a drug-induced postprandial kick of
insulin release resulting in lower serum glucose values
and therapy also reduced basal insulin levels. In our
opinion, the non-significant change of fasting serum
insulin concentration of the diabetic treated rats, in the
present study, in spite of increased B-cells, may be due
to an increase in the hepatic insulin extraction
(Wajchenberg et al.,, 1992) as a result of treatment
and/or that the newly formed B -cells were still too
immature to secrete insulin into the blood.

The hypoglycemic effect of the studied plant extract
may be attributed to the presence of certain constituents.
Some of these compounds were reported to be active in
vitro and in vivo. Previous work indicated that flavonoids
(Koval'ov et al.,, 1985), alkaloids (De and Saha, 1975;
Snell, 1979), peptides and terpenoids (Meir and Yaniv,
1985; Ng et al.,, 1986), sulfur-containing compounds
(Rawi, 1995; Swanston-Flatt et al., 1991), inorganic ions
(Mertz, 1993; White and Campbell, 1993), amino acids
(Rawi, 1995; Sheela and Augusti, 1992), vitamins
(Ozden et al., 1989; Ceriello et al.,

1991) and carbohydrates (Hanefield et al., 1991; Yang
et al, 2008; Ahmed, 2010) may fit in this category.
These compounds were shown to have insulin
mimetic effects when administered to diabetic rodents
and patients (Siest and Schielef, 1981; Chi et al., 1982;
Farva et al.,, 1986; Sitprija et al.,, 1987). Although
sufficient evidence is available to support the effect of
sulfur-containing compounds as antidiabetic agents
(Swanston-Flatt et al., 1990a,b), it is not clear whether
they induce their effect through activation of insulin action
at the receptor or post-receptor level or via their direct
action on pathways of carbohydrate metabolism.
However, some investigators suggested that the
mechanisms of sulfur-containing compounds involve the
reaction of SH-groups with insulin inactivating compounds



by competing with insulin on these compounds, thereby
protecting insulin from degradation (Rawi et al., 1996;
Howard and Frank, 1966; Augusti and Benaim, 1975).

Conclusion

Conclusively, this study revealed that samwa ethanol
extract improved glucose tolerance in alloxan-induced
diabetic rats. Conclusive evidence provided by the
present work supports the extrapancreatic actions of the
tested extract.

REFERENCES

Abdel-Moneim A, Ahmed OM, Rawi SM, Semmler M (2001). Studies on
the hypoglycemic and hypolipidemic effects of glimepiride and some
antidiabetic plants on streptozotocin diabetic rats. J. Egypt Ger. Soc.
Zool. 34(A):175-206.

Abdel-Moneim A, El-Feki M, Salah E (1997). Effect of Nigella sativa,
fish oil and gliclazide on alloxan-diabetic albino rats. L-Biochemical
and histopathological studies. J. Egypt Ger. Soc. Zool. 23(A):237-
265.

Ahmed OM (2010). Antihyperglycemic effects of water extract of Ulva
lactuca and its polysaccharides in nicotinamide-streptozotocin-
induced diabetic rats. Egypt J. Zool. 54:273-297.

Ahmed OM (2003). Evaluation of the hypoglycemic and antioxidant
effects and the probable mechanism of action of chromium and
selenium in streptozotocin- induced diabetic albino rats. J. Egypt Ger.
Soc. Zool. 41(A):163-193.

Ahmed OM (2001). Histopathological and biochemical evaluation of
liver and kidney lesions in streptozotocin diabetic rats treated
with.glimepiride and various plant extracts J. Union Arab Biol.
16(A):585-625.

Ahmed OM (2005). The hypoglycemic effect of curcumin and esculetin
and their probable mechanisms of action in streptozotocin diabetic
albino rats. J. Egypt Ger. Soc. Zool. 46A:351-375.

Ahmed OM, Abdel-Moneim A, Abulyazid E, Mahmoud AM (2010).
Antihyperglycemic, antihyperlipidemic and antioxidant effects and the
probable mechanisms of action of Ruta graveolens infusion and rutin
in nicotinamide- streptozotocin-induced diabetic rats. Diabetologia
Croatica. 39(1):15-35.

Al-Awadi FM, Khattar MA, Gumma KA (1985). On the mechanism of the
hypoglycemic effect of a plant extract. Diabetologia 28:432-434.

Annamala PT, Augusti KT (1980). Studies on the biochemical effects of
glibenclamide on alloxan diabetic rabbits. Exprentia 36(4):383-384.

Atta-Ur-Rahman, Zaman K (1989). Medicinal plants with hypoglycemic
activity. J. Ethnopharmacol. 26:1-55.

Augusti KT, Benaim ME (1975). Effect of essential oil of onion (allyl
propyl disulfide) on blood glucose, free fatty acids and insulin levels of
normal subjects. Clin. Chim. Acta 60:121-123.

Begum H, Bari MA (1985). Effect of garlic oil on the pancreas of
experimental diabetic guinea pigs. Bangladesh. Res. Counc. Bull.
11(2):64-68.

Blumenthal SA (1979). Potentiation of the hepatic action of insulin by
chlorpropamide. Diabetes 26:485-489.

Bondansky HJ, Medback S, Cudworth AG, Rees LH, de Silva RS
(1982) Long-term improvement in insulin response with gliclazide
treatment. Diabetes Metab. Rev. 8:319-322.

Ceriello A, Guigliano D, Quatraro A, Donzella C, Dipalo G,
Lefebvre PJ (1991). Vitamin E reduction of protein glycosylation in
diabetes. Diabetes Care 14:68-72.

Chen X, Bai X, Liu Y, Tian L, Zhou J, Zhou Q, Fang J, Chen J
(2009). Anti- diabetic effects of water extract and crude
polysaccharides from tuberous root of Liriope spicata var. prolifera in
mice. J. Ethnopharmacol. 122:205-209.

Chi MS, Koh ET, Stewart TJ (1982). Effect of garlic oil on lipid

Shtaiwi et al. 2775

metabolism in rats fed cholesterol or lard. J. Nutr. 112(2):241-248.

Comfort A (1988). Talking Health: Conventional and Complementary
Approaches. London, J. R. Soc. Med. 81(11):681-982.

Day C (1990). Hypoglycemic compounds from plants In New
Antidiabetic Drugs. London: Smith-Gorden. pp. 267-278.

Day C, Bailey CJ (1988). Hypoglycemic agents from traditional plant
treatments for diabetes. Int. Ind. Biotechnol. 8:5-8.

De AU, Saha BP (1975). Indolizines Il. Search for potential oral
hypoglycemic agents. J. Pharm. Sci. 64:249-252.

El-Seifi S, Abdel-Monem M, Badir N (1993). The effect of Ambrosia
maritima and Cleome droserifolia on serum insulin and glucose
concentrations in diabetic rats. J. Egypt Ger. Soc. Zool. 12(A):305-
328.

El-Seifi S, Abdel-Monem A, Badir N (1993). Effect of Ambrosia maritima
andCleome droserifolia on insulin release in vitro. J. Egypt Ger.
Soc. Zool. 12(A):347-363.

El-Shenawy NS, Abdel-Nabi IM (2006). Hypoglycemic effect of Cleome
droserifolia ethanolic leaf extract in experimental diabetes, and on
non-enzymatic antioxidant, glycogen, thyroid hormone and insulin
levels. Diabetol. Croatica 35(1):15-22.

Farva D, Goji IA, Joseph PK, Augusti KT (1986). Effects of garlic oil on
streptozotocin diabetic rat maintained on normal and high fat diets.
Ind. J. Biochem. Biophys. 23:24-27.

Gaulton GN, Schwartz JL, Eardley DD (1985). Assessment of the
diabetogenic drugs, alloxan and streptozotocin, as models for the
study of immune defects in diabetic mice. Diabetologia 28(10):769-
775.

Gold AH (1970). The effect of diabetes and insulin on liver glycogen
synthetase activation. J. Biol. Chem. 245:903-905.

Gunnarson R, Berne G, Hellerston C (1974). Cytotoxic effects of
streptozotocin and N-nitrosomethylurea on the pancreatic [I-cells
with special regard to the role of nicotinamide adenine dinucleotide.
Biochem. J. 140(30):487-494.

Hanefield M, Fischer S, Schultze J, Spengler M, Wargenau M,
Schollberg K, Fucher K (1991). Therapeutic potential acarbose as
first-line drug in NIDDM insulfficiently treated with diet alone. Diabetes
Care 14:732-737.

Hosker JP, Burnett MA, Davies EG, Harris EA, Turner RC (1985).
Sulfonylurea therapy douples  cell response to glucose in type I
diabetic patients. Diabetologia 28:809-814.

Howard MK, Frank T (1966). Studies on the specificity and mechanism
of action of hepatic glutathione-insulin transdehydrogenase. J. Biol.
Chem. 34(15):3561-3570.

Judzewitsch RG, Pfeifer MA, Best JD, Beard JC, Halter JB, Porte JD
(1982). Chronic chlorpropamide therapy of noninsulin-dependent
diabetes augments basal and stimulated insulin secretion by
increasing islet sensitivity to glucose. J. Clin. Endocrinol. Metab.
55(2):321-328.

Kemp A, Adrienne JM (1954).A colourimetric micromethod for the
determination of glycogen in tissues. Biochem. J. 56:646.

Klebanoff SJ, Greenbaum AL (1954). The effect of pH on the
diabetogenic action of alloxan. J. Endocrinol. 11:314-322.

Kovalov VM, Komisarenko MF, Khalyeyeva LD, Timasheva IN,
Dykhtyr'ou VI, Sira LM, Moloshtan LM, Khylya VP (1985).
Hypoglycemic activity of flavonoides. Farmastevty-Chnyi Zhurnal
(Kiev). 0(1):51-54.

Marles RJ, Farnsworth NR(1995). Antidiabetic plants and their active
constituents, Phytomedicine. 2(2):137-189.

Marschner |, Botterman P, Erhardt F, Linke R, Maier V, Schwandt P,
Vogt W, Scriba PC (1974). Group experiments on the
radioimmunological insulin determination. Horm. Metab. Res. 6:293-
296.

McGuinness OP, Green DR, Cherrington AD (1987). Glyburide
sensitizes perfused rat liver to insulin-induced suppression of
glucose output. Diabetes. 36(4):472-476.

Meir P, Yaniv Z (1985). An in vitro study on the effect of Momordica
charantia on glucose uptake and glucose metabolism in rats. Planta
Med. 51:12-18.

Mertz W (1993). Chromium in human nutrition. A review J. Nutr.
123:626-633.

Nicola WG, lbrahim KM, Mikhail TH, Girgis RB, Khadr, ME (1996). Role
of the hypoglycemic plant extract, Cleome droserifolia, in improving


http://www.curehunter.com/public/authorSummary-Tian%2C%20Luanyuan.do
http://www.curehunter.com/public/keywordSummaryD011134.do

2776 J. Med. Plants Res.

glucose and lipid metabolism and its relation to insulin resistance in
fatty liver. Boll. Chim. Farm. 135(9):507-517.

Ng TB, Wong CM, Li WW, Yeung HW (1986). Insulin-like molecules in
Momordica charantia seeds. J. Ethnopharmacol. 15:107-117.

Noor H, Ashcroft SJH (1989). Antidiabetic effects of Tinospora crispa in
rats. J. Ethnopharmacol. 24:149-161.

Noreen W, Wadood A, Hidayat HK, Wahid SAM (1988). Effect of
Eribotrya japonica on blood glucose levels in normal and alloxan
diabetic rabbits. Planta Med. 54(3):196-199.

Ozden |, Deniz G, Tasali E, Ulusarac A, Altu T, Buyukdervrim S
(1989). The effect of vitamin E on glycosylated hemoglobin levels in
diabetic rats: A preliminary report. Diabetes Res. 12:123-124.

Parto SD, Saula VK, Antonio R, Antonio T (1991). Hepatic
sensitivity to insulin: Effect of sulfonylurea drugs. Am. J. Med. 90:29-
36.

Pustai P, Prechl J, Somogyi A, Szaleczky E, Feher J (1996).
Experimental models in the research of the pathomechanism of
diabetes mellitus. Orv. Hetil. 137(34):1865-1869.

Rawi SM (1995). Studies on the ability of sulphur-containing
compounds to block diabetogenic effect of alloxan in albino rats.
Proc. Zool. Soc. A. R. Egypt 26:244-259.

Rawi SM, Abdel-Moneim A, Ahmed OM (1998). Studies on the
effect of garlic oil and glibenclamide on alloxan diabetic rats. 2.
Biochemical effects. Egypt. J. Zool. 30:211-228.

Rawi SM, Abdel-Moneim A, Ahmed OM (1996). Studies on the
effect of garlic oil and glibenclamide on alloxan diabetic rats. 1.
Hypoglycemic and histopathological effects. J. Union Arab Biol.
6(A):121-142.

Rerup CC (1970). Drugs producing diabetes through damage of
insulin secreting cells. Pharm. Rev. 22:485-518.

Saleh S, Abdel-Khalek A, Sharaf AA, Khayyal MT, El-Masri AM (1974).
Studies on the effect of oral hypoglycemic agents on hepatic
glycogenolysis. Pharm. Res. Commun. 6(6):539-550.

Shanmugasundaram KR, Panneerselvam C, Samudram P,
Shanmugasundaram ERB (1983). Enzyme changes and glucose
utilisation in diabetic rabbits: The effects of Gymnema sylvestre R.
B. J. Ethnopharmacol. 7:205-234.

Sheela CG, Augusti KT (1992). Antidiabetic effects of S. allyl
cysteine sulfoxide from garlic, Allium sativum Linn. Ind. J. Exp. Biol.
30:523-526.

Siest G, Schielef HJ (1981). Interpretation des examen de laboratoire,
Karger ed. pp. 206-223.

Sitprija SMD, Plengvidhya CM, Kangkaya VB, Bhuvapnich B,
Tunkayoon MM (1987). Garlic and diabetes phase Il Clinical trial. J.
Med. Ass. Thailand 70:223-277.

Snedecor GW, Cochran WG (1980). Statistical Methods. lowa State
University Press, Ames, lowa.

Snell K (1979). Non-hormonal hypoglyaemic  compounds,
Hypoglycemia caused by indol and quinoline derivaties. Biochem.
Soc. Trans. 7:745-749.

Sofowora A (1993). Medicinal plants and Traditional Medicine in
Africa.Spectrum Books, Ibadan P. 150.

Sorg DA, Buckner B (1964). A simple method of obtaining venous
blood from small laboratory animals. Proc. Soc. Exp. Biol. Med.
115:1131.

Swanston-Flatt SK, Day C, Flatt PR, Bailey CJ (1990). Evaluation of
antihyperglycemic properties of traditional plant treatment for diabetes
in streptozotocin diabetic and db/db mice. In: Shafrir E, editor.
Frontiers in Diabetes Research. Lesson for Animal Diabetes London:
Smith-Gordon, 3:286-293.

Swanston-Flatt SK, Flatt PR, Day C, Bailey CJ (1991). Traditional
dietary adjuncts for treatment of diabetes. Proc. Nutr. Soc. 50:641-
651.

Swanston-Flatt SK, Day C, Bailey CJ, Flatt PR (1990). Traditional plant
treatments for diabetes. Studies in normal and streptozotocin diabetic
mice. Diabetologia 33:462-464.

Trease GE, Evans WC (1989). Pharmacognosy. 13" edn. Bailliere
Tindall, London pp. 176-180.

Wajchenberg BL, Santomauro TMG, Giannella-Neto D, Borghi VC,
Porrelli PN (1992). Short- and long-term gliclazide effects on
pancreatic islet cell function and hepatic insulin extraction in non-
insulin-dependent diabetes mellitus. Diabetes Res. Clin. Pract. 17:89-
97.

White JR, Campbell RK (1993). Magnesium and diabetes: A review.
Ann. Pharmacother. 27:775-780.

WHO Expert Committee on Diabetes Mellitus (1980). Technical
report series 646-2" Report, Geneva, Switzerland.

Yang N, Zhao M, Zhu B, Yang B, Chen C, Cui C, Jiang Y
(2008). Anti-diabetic effects of polysaccharides from Opuntia
monacantha cladode in normal and streptozotocin-induced diabetic
rats. Innov. Food Sci. Emerg. Technol. 9:570-574.

Yoon JM. The role of viruses and environmental factors in the
induction of diabetes. Curr. Trop. Microbiol. Immunol. 164:95-123.



