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Abstract

Objective(s)

Seed of Cucumis sativus Linn. is one of the herbal remedies has been traditionally used for diabetes mellitus
treatment. We studied the effect of hydroalcoholic and buthanolic extract obtained from C. sativus seeds in a
model of streptozotocin (STZ)-induced diabetic (type 1) rats.

Materials and Methods

Normal and diabetic male Wistar rats (STZ, 60 mg/kg, intraperitoneal) were treated daily with vehicle (5 ml/kg),
hydroalcoholic (0.2, 0.4, 0.8 g/kg) and buthanolic extract (0.2, 0.4, 0.8 g/kg) and glibenclamide (1 & 3 mg/kg)
separately and treatment was continued for 9 days. Blood samples were taken at 0, 1, 2, 3, 4, 8 hr of the first day
and the day 9 (216 hr) of treatments for measuring the blood glucose levels.

Results

Our findings indicated that C. sativus seeds extracts were not effective on reducing blood glucose levels
(BGL) in normal and diabetic rats for initial phase of treatments. However, both hydroalcoholic
(22.5-33.8 %) and buthanolic (26.6- 45.0 %) extracts were effective on diminishing BGL and controling the
loss of body weight in diabetic rats compared to controls after 9 days of continued daily therapy.
Glibenclamide on the other hand, had hypoglycemic action in normal (27.8-31.0 %) and diabetic rats (36.0-
50.0 %) after acute and prolonged treatments.

Conclusion

It is concluded that C. sativus seeds extracts (hydroalcoholic and buthanolic) had a role in diabetes control
probably through a mechanism similar to euglycemic agents. Further studies are warranted to clarify the
mechanisms and the exact role of this herbal medicine in control of metabolic disorders.
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Introduction

Diabetes mellitus is a serious metabolic
disease with several micro and macrovascular
complications and diabetic patients have been
rapidly increasing in number worldwide (1).
There are currently about 170 million people
worldwide with established diabetes mellitus
and this figure is predicted to rise
tremendously to more than 360 million ftill
2030 (2). In Iran, approximately 2 million
people out of 75 million population suffer
from diabetes mellitus and it is assumed that
about 4.5 million people have impaired fasting
glucose (3). An increase in ageing population,
consumption of diets rich in fat and calories,
sedentary life style and obesity are among the
common risk factors and prevention of disease
advancement will be a major concern in the
21% century. It is obvious that the prevention
of disease complications is possible by the
control of blood glucose and improvement of
hyperglycemia (4).

In addition to restriction of energy intake and
exercise promotion, the usefulness of
functional foods and herbal medicines during
the daily life has been shown. For this purpose,
several studies on functional foods and
medicinal plants as well as their active
components have been carried out to ascertain
their usefulness in controlling the diabetes and
their complications (5-7).

Cucumis sativus Linn. belongs to the
Cucurbitaceae family and is widely distributed
in the entire world especially in Asia, Africa
and South America (7). Some Cucurbitaceae
species have unique bitter taste and have been
used in folk medicine for a long time (8). For
example in Asian traditional medicine, C.
ficifolia, popularly known as pumpkin is
widely used for the treatment of diabetes
mellitus (9, 10). Another plant is Momordical
charantia (family, Cucurbitaceae) which
commonly known as Karela or bitter melon
and is used as ethnomedicine for diabetes in
India, China and South America (11, 12).
Besides, an investigation was carried out on
three vegetable peels from Cucurbitaceae
family including C. pepo, C. sativus and
Praecitrullus fistulosus which revealed that

they were all effective for prevention of
alloxan-induced hyperglycemia in male mice
(13).

Main chemical constituents in Cucurbitaceae
family are: volatile and fixed oils, saponins,
steroids, carotenes, flavones, amino acids,
resins, tannins, proteins and proteolytic
enzymes for which several bioactivities like
glucose and lipid lowering effects, diuretic,
laxative, demulcent and anti-helminthic
actions have been shown (7, 14-16).

Seeds of C. sativus (Tokhm-e-khiyar in
Persian) have been used as anti-fever,

demulcent and antidiabetic in Iranian
Traditional Medicine (17, 18). Moreover
functional studies have confirmed the

hypoglycemic effect of C. sativus fruit extract
in animal model of diabetes, however the
probable effects of the plant seeds and its
active constituents have not been elucidated
yet (19, 20). In the recent study, we
investigated the effect of C. sativus seeds,
using two extracts with different polarity to
detect the probable anti-hyperglycemic or
hypoglycemic activity.

For this purpose, increasing doses of
hydroalcoholic and buthanolic extracts of the
plant seeds were examined in streptozotocin
(STZ)-induced diabetic rats in comparison to
glibenclamide as reference drug.

Materials and Methods

Plant material

Fruit of C. sativus (Isfahan cultivar) was
prepared from a public market and
authenticated by Pharmacognosy Department
of Isfahan Pharmacy School. The seeds were
separated and dried in darkness at 22 °C.
Finely powdered seeds were extracted with
ethanol/water  (75/25) using percolation
method. For preparing buthanolic extract, the
seeds were extracted with n-hexane and
methanol respectively and the methanolic
extract was then partitioned between buthanol
and water (8). All the reagents and organic
solvents were purchased from Merck
Company (Germany). The hydroalcoholic and
butanolic extracts of C. sativus were screened
for the presence of secondary metabolites e.g.
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anthraquinones, tannins, steroids, alkaloids
and flavonoids according to the standard
phytochemical methods (21).

The resulted extracts were then pooled,
concentrated and dried using the rotary and
freeze dryer apparatus respectively. The yield
values of 8.9% and 3.3% were obtained for
hydroalcoholic and  buthanolic  extracts
respectively.

Animals

Male Wistar rats, 4 months old (200-250 g)
were obtained from the animal house of
School of Pharmacy, Isfahan University of
Medical Sciences and maintained under
uniform and standard conditions  of
temperature and humidity and light/dark cycle
(12 hr/12 hr) and fed with standard rat chow
pellets and tap water ad libitum. All the
experiments were performed in accordance
with Ethics Committee guidelines for research
on laboratory animals of Isfahan University of
Medical Sciences, Isfahan, Iran.

Experimental design

The animals were randomly assigned into
eight normal and eight diabetic groups, 6 rats
in each. Vehicle (distilled water containing
carboxy methyl cellulose (CMC) 1%) was
administered orally (5 ml/kg) in both normal
and diabetic control groups. Glibenclamide
(Tehran Chemi Co., Tehran, Iran), as reference
drug was administered at two doses of 1 and 3
mg/kg orally in normal and diabetic groups
respectively.

Other six groups in each normal and diabetic
sets were treated with three increasing doses of
C. sativus hydroalcoholic (CSHE, 0.2, 0.4, 0.8
g/kg) and three increasing doses of buthnolic
extract (CSBE, 0.2, 0.4, 0.8 g/kg). All the
treatments with freshly prepared extract as
suspensions in CMC 1% were made orally
(p.0.) using feeding tube and started 72 hr after
diabetes induction.

Diabetes induction and blood sampling

Diabetes was induced by a single
intraperitoneal (i.p.) injection of buffered STZ
(Sigma-Aldrich®,  Steinheim,  Germany)
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solution (0.1 M citrate, pH 4.5) at a dose of
60 mg/kg, after a period of overnight fasting.
Diabetes was confirmed by measuring the
fasting blood glucose level (BGL) if between
250-400 mg/dl (22). Blood samples were taken
ato, 1, 2, 3, 4, 8 hr and the day 9 (216 hr) after
treatments using micro-hematocrit capillary
tubes (Hirschmann, Germany) and through
choroid plexus puncture near the eyes under
light ether anesthesia (23). Bodx weight was
also measured at zero time and 9" day after the
start of treatment. Twenty four hours after the
last dose, the last blood sample was taken and
all the animals were then sacrificed by ether
inhalation overdose. BGLs (mg/dl) were
measured by commercially available glucose
kits (Pars Azmoon® , Tehran, Iran) based on
glucose oxidase method (24).

Statistical analysis

The measured values were presented as
mean+SD. For assessment of difference
between groups one-way ANOVA test using
SPSS 10 software followed by Bonferroni
post hoc test was used. For body weight
changes, paired sample t-test was used to
compare the means. The results were
considered to be significant when the P-values
were <0.05.

Results

Phytochemical screening tests revealed that
hydroalcoholic extract contained alkaloids,
steroids, flavanoids, tannins and saponins
while anthraquinones were absent. In
buthanolic extract on the other hand,
flavonoids, saponins and steroids were found
but alkaloids, anthraquinones and tannins were
not detectable.

STZ administered i.p., induced diabetes in
male Wistar rats after 3 days (Table 2). The
body weight of normal and diabetic rats are
summarized in Table 1. The final body weight
was significantly (P< 0.001) decreased in
STZ-control group when compared with
normal control group. The observed data
showed an improvement in body weight after
treatment with different doses of CSHE and
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Table 1. Changes in body weight of normal, STZ diabetic and orally treated diabetic rats with CSHE and CSBE.

Groups Initial body weight (g) Final body weight (g)
zero time oth day
Normal Ctrl. 212+14 225+11
STZ Ctrl. 221+10 162 + 13***
STZ + CSHE 0.2 215+13 195413
STZ + CSHE 0.4 223412 191+11"
STZ + CSHE 0.8 218+14 20616
STZ + CSBE 0.2 236+13 198+11"
STZ + CSBE 0.4 221419 189+12™"
STZ + CSBE 0.8 233+17 2114127
STZ + Gliben. 3 207+7 192+10°

Data has been shown as meantSD. n= 6; *** P< 0.001 denotes significant difference compared to normal
control (Normal Ctrl.) group. ¥ P< 0.05, ** P< 0.01, ™" P< 0.01 denotes significant difference compared to STZ
control group (Paired sample t-test). STZ: Streptozotocin (60 mg/kg), CSHE: Cucumis sativus hydroalcoholic
extract (g/kg), CSBE: Cucumis. sativus buthanolic extract (g/kg), Gliben.3: Glibenclamide (3 mg/kg).

CSBE as well as glibenclamide (3 mg/kg) with
respect to the STZ control group (at least
P< 0.05) (Table 1). As shown in Tables 2 & 3,
increasing doses of CSHE and CSBE were not
effective (P> 0.05) in lowering BGLs in the
normal or STZ-induced diabetic rats during the
first day of treatments (acute phase) compared
to controls. On the other hands, both
seeds extracts (CSHE; 22.5-33.8 %, CSBE;
26.6-45.0 % decline versus controls) were
effective in reducing blood glucose in diabetic
rats after prolonged treatments (sub-acute

phase) for 8 days irrespective of the doses used
(P< 0.001) (Table 3). Similar effect was not
found by applying the extracts in normal
groups (Table 2).

Glibenclamide, as the reference drug was
effective in decreasing BGL in normal (27.8-
31.0 % with the dose of 1mg/kg) and diabetic
rats (36.0-50.0 % with the dose of 3 mg/kg)
and the peak effect was obtained after 3 hr of
administration and maintained for at least one
hour (Tables 2, 3).

Table 2. Effect of orally administered CSHE and CSBE on blood glucose levels (mg/dl) of normal rats.

Time (hr) 0 1 2 3 4 8 216

Groups

Neg. Ctrl. 86+16 89+13 88+14 90+11 86+16 82+20 8717
CSHE 0.2 79423 86+28 91+26 86+21 85+17 7920 76120
CSHE 0.4 8816 97+13 100+14 98+15 99+11 89+15 8414
CSHE 0.8 75114 96+11 94+12 94+13 95422 71+14 70+6
CSBE 0.2 7820 81+15 79+10 86+16 87+12 78+ 22 7615
CSBE 0.4 80+18 8710 82+12 82+7 82+8 7513 80+14
CSBE 0.8 76124 88+21 84+18 82+17 78+17 78+20 79+10
Gliben. 1 98+14 77423 64+10* 65+11* 61+8* 71+12 60+7*

Data has been shown as mean+SD. n= 6; * P< 0.05 denotes significant difference compared to negative control
(Neg. Ctrl.). One-way ANOVA followed by post hoc Bonferroni test, CSHE: Cucumis sativus hydroalcoholic

extract (g/kg), CSBE: Cucumis sativus buthanolic extract (g/kg), Gliben.: Glibenclamide (3 mg/kg).
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Table 3. Effect of orally administered CSE and CSB on blood glucose levels (mg/dl) of STZ-induced diabetic rats.

Time (hr) 0 1 2 3 4 8 216
Groups
Neg. Ctrl. 321+33 326+30 325+32 323+31 319+28 318+27 320+29
CSHE 0.2 319+54 330+55 339+49 336+78 33649 32361 248+38**
CSHE 0.4 301+85 320+83 320+99 306+48 305+88 30769 234+28***
CSHE 0.8 332+49 349+54 339457 337+20 335+46 285+10 212422%**
CSBE 0.2 289+25 318+26 307+22 292+24 29735 297+15 235+29***
CSBE 0.4 283+42 30531 304+30 293+46 285+44 274+43 178+29***
CSBE 0.8 313+44 328+45 337+48 320454 32647 305+44 176+£17***
Gliben. 3 31742 248+42 238+43 207+46** 216+45* 221+50 160+16***

Data has been shown as meantSD. n= 6; * P< 0.05, ** P< 0.01, *** P< 0.001 denote significant difference
compared to negative control (Neg. Ctrl.). One-way ANOVA followed by post hoc Bonferroni test, CSHE: Cucumis
sativus hydroalcoholic extract (g/kg), CSBE: Cucumis sativus buthanolic extract (g/kg), Gliben.: Glibenclamide

(3 mg/kg).

Discussion

C. sativus seed has been found as a suitable
functional food for medical purposes such as
diabetes, hyperlipidemia, hypertension (as
diuretic), gall bladder stones, constipation and
dyspepsia in Asian Traditional Medicine (7,
16-18). In our study, saponin and steroid rich
fraction (buthanolic extract) was used in
addition to hydroalcoholic total extract to
ascertain the active more non-polar ingredients
be involved in pharmacologic actions.
Regarding to the results, it was found that
none of the fractions were effective to cause
hypoglycemia in normal groups even after
prolonged treatment during sub-acute phase of
the study i.e. there was no sulfonylurea (e.g.
glibenclamide) like effects detectable. Our
findings are in accordance with Chandrasekar
et al who investigated blood glucose lowering
potential of eight plants of Cucurbitacea
family including C. sativus fruit extract (20).
They revealed that applied fruit ethanolic
extract failed to lower blood sugar or to
depress the peak value after glucose load
intake when administered as a single oral dose
of 250 mg/kg to normal and hyperglycemic
rats. On the contrary, in our study, aqueous
fruit extract of C. trigouns Roxb. was able to
increase serum insulin level and to decrease
the BGL of normal and STZ-induced diabetic
rats (25). It had also some beneficial effects in
improving the lipid profile of STZ-induced
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diabetic rats. On the other hand; our results
showed that both applied extracts were
effective in lowering blood glucose in diabetic
animals during the sub-acute phase of the
study while there was no significant effect
during the first day of the treatment. It was
also true for controlling the body weight loss
in groups treated with different doses of used
extracts which confirmed the anti-diabetic
properties of the test extracts at the end of
treatment course. Moreover, our findings
indicated that the extracts efficacy during sub-
acute period of treatment was not dependent
on doses used. As a mechanism of action for
C. sativus seeds in diabetic condition,
biguanides like effects (euglycemic action) are
supposed (26). Biguanides (e.g. metformin)
have limited efficacy to lower hyperglycemia
and exert their effects by decreasing
carbohydrate absorption from the intestine,
hepatic  gluconeogenesis and  glucagon
secretion from the pancreas. Increased
glycolysis and peripheral sensitivity to insulin
are other mechanisms might be accounted for
glucose lowering effects of agents with some
similarities to biguanides (27). However,
measuring the blood insulin and glucagon
concentrations in treated rats helps to elucidate
more accurately the involved mechanisms. In
accordance with our findings; aqueous extract
of Mamordica charantina L. did not affect the
BGLs in normal mice so the investigators
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concluded that action was derived at least in
part, from a decrease in peripheral insulin
resistance (12). Based on our findings, it can
not be assumed that the active components like
saponins, flavons and tannins etc. (7, 14, 15)
with blood glucose lowering properties were
concentrated in buthanolic extract because
there was no superiority for this fraction
compared with total extract fraction. On the
other hand, longer time of administration
during sub-acute phase was probably enough
to accentuate the delayed mechanisms exerted
by two plant seeds fractions. It can be assumed
that performing the study during sub-acute
period provides a condition in which probable
delayed and prolonged pharmacological
actions including those related to active
metabolites and/or metabolic mechanisms of
actions of candidate drug can be revealed. This
can support the notion that the metabolic
time-consuming mechanisms are mediated by
euglycemic agents (26). Further basic and
clinical studies are warranted to clarify the

References

involved mechanisms and to indentify the
indications for this functional food in
metabolic disorders.

Conclusion

We suggest that C. sativus seeds extracts
(hydroalcoholic and buthanolic) have some
beneficial effects in diabetes control probably
through a mechanism similar to euglycemic
agents. This claim demands further research to
isolate the principal active compounds. The
present study was a preliminary investigation
and more studies are strongly recommended to
clarify the mechanisms involved and the exact
role of this herbal medicine in control of
metabolic disorders.

Acknowledgment

This work was supported by the Research
Council of Isfahan University of Medical
Sciences, Isfahan, Iran (research project No.
385098).

1. Zimmet P, Alberti KG, Shaw J. Global and social implications of the diabetes epidemic. Nature 2001; 414:782-787.

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the year 2000 and
projections for 2030. Diabetes Care 2004; 27:1047-1053.

3. Esteghamati A, Gouya MM, Abbasi M, Delavari A, Alikhani S, Alaedini F, et al. Prevalence of diabetes and
impaired fasting glucose in the adult population of Iran: National survey of risk factors for non-communicable
diseases of Iran. Diabetes Care 2008; 31:96-98.

4. Rang HP, Dale MM, Ritter JM, Moore PK. Pharmacology.5th ed.London: Churchill Livingstone; 2003.
386-387.

5. Khan A, Safdar M. Role of diet, nutrients, spices and natural products in diabetes mellitus. Pakistan J Nutr?
2003; 2:1-12.

6. Narendhirakannan RT, Subramanian S, Kandaswamy M. Biochemical evaluation of antidiabetic properties of
some commonly used Indian plants on streptozotocin-induced diabetes in experimental rats. Clin Exp Pharmacol
Physiol 2006; 33:1150-1157.

7. Trease GE, Evans WC. Trease and evans pharmacognosy. 15th ed. London: WB Saunders; 2002. p. 419, 420,
469,473.

8. Ghassemi-Dehkordi N, Moattar F, Mohagheghzadeh AA. General methods in pharmacognosy. In Iranian herbal
pharmacopea scientific committee, editors. Iranian herbal pharmacopeae. 1st ed. Tehran: Iranian Minstry of
Health Publications; 2002. p. 25.

9. Xia T, Wang Q. Antihyperglycemic effect of Cucurbita ficifolia fruit extract in streptozotocin-induced diabetic
rats. Fitoterapia 2006; 77:530-533.

10. Acosta-Patino JL, Jimenese-Balderas E, Juarez-Oropeza MA, Diaz-Zagoya JC. Hypoglycemic action of
Cucurbita ficifolia on Type 2 diabetic patients with moderately high blood glucose levels. J Ethnopharmacol
2001; 77:99-101.

11. Chen Q, Chan LL, Li ET. Bitter melon (Momordica charantia) reduces adiposity, lowers serum insulin and
normalizes glucose tolerance in rats fed a high fat diet. J Nutr 2003; 133:1088-1093.

12. Miura T, Itoh C, lwamoto N, Kato M, Kawai M, Park SR, et al. Hypoglycemic activity of the fruit of the
Mamordica charantia in type 2 diabetic mice. J Nutr Sci Vitaminol 2001; 47:340-344.

Iran J Basic Med Sci, Vol. 14, No. 5, Sep-Oct 2011 441



442

Mohsen Minaiyan et al

13. Dixit Y, Kar A. Protective role of three vegetable peels in alloxan-induced diabetes mellitus in male mice. Plant
Foods Hum Nutr 2010; 65: 284-9.

14. Han C, Hui Q, Wang Y. Hypoglycemic activity of saponin fraction extracted from Momordica charantia in
PEG/salt aqueous two-phase systems. Nat Prod Res 2008; 22:1112-1119.

15. Abou-Zaid MM, Lombardo DC, Kite GJ, Grayer RC, Veitch N. Acylated flavone C-glycosides from Cucumis
sativus. Phytochemistry 2001; 58:167-172.

16. Roman-Ramos R, Florea-Saenz JL, Alarcon-Aquilar FJ. Anti-hyperglycemic effect of some edible plants. J
Ethnopharmacol 1995; 48:25-32.

17. Amin GhR. Popular traditional plants of Iran. 5th ed. Tehran: Tehran University of Medical Sciences
Publications; 2005.

18. Jazaeri GhD. Language of foods. 1st ed. Tehran: Amir Kabir Publications; 1982.
19. Sudheesh S, Vijayalakshmi NR. Role of pectin from cucumber (Cucumis sativus) in modulation of protein
kinase C activity and regulation of glycogen metabolism in rats. Indian J Biochem Biophys. 2007; 44:183-185.
20. Chandrasekar B, Mukherjee B, Mukherjee SK. Blood sugar lowering potentiality of selected Cucurbitacea
plants of India origin. Indian J Med Res 1989; 90:300-305.

21. Harborne J. Phytochemical methods: a guide to modern techniques of plant analysis. 5th ed. London and New
York: Springer; 1998.

22. Movahedian A, Zolfaghari B, Sajjadi SE, Moknatjou R. Antihyperlipidemic effect of Peucedanum
pastinacifolium extract in streptozotocin-induced diabetic rats. Clinics 2010; 65:629-633.
23. Vats V, Yadav SP, Grover JK. Ethanolic extract of Ocimim sanctum leaves partially attenuates streptozotocin-
induced alterations in glycogen content and carbohydrate methabolism in rats. J Ethnopharmacol 2004; 90:155-160.
24. Trinder P. Determination of blood glucose using an oxidase-peroxidase system with a non-carcinogenic
chromogen. J Clin Pathol 1969; 22:158-161.

25. Salahuddin M, Jalalpure SS. Antidiabetic activity of aqueous fruit extract of Cucumis trigonus Roxb. in
streptozotocin-induced diabetic rats. J Ethnopharmacol 2010; 127:565-567.

26. Nolte MS, Karam JH. Pancreatic hormones and antidiabetic drugs. In: Katzung BG, editor. Basic and clinical
pharmacology. 9th ed. New York: McGraw Hill Companies; 2004. p.708.

27. Davis SN, Granner DK. Insulin, oral hypoglycemic agents, and the pharmacology of the endocrine pancreas. In:
Hardman JG, Limbird LE, Gilman AG, editors. Goodman & Gilman’s the pharmacological basis of therapeutics.
10th ed. New York: McGraw Hill Companies; 2002.p. 1687-1690.

Iran J Basic Med Sci, Vol. 14, No. 5, Sep-Oct 2011



