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1. Introduction

   Diabetes is a multi-factorial disease that is known as the most 
common endocrine disorder. Major cause of this disease is the defect 
of insulin secretion and resistance of peripheral tissue to insulin[1,2]. 
Diabetes complications such as retinopathy, nephropathy, neuropathy 
and cardiovascular problems resulted from hyperglycemia during 
diabetes[3]. Prevalence of diabetes is rising and studies show that 
about 300 to 328 million individual suffer from diabetes. If this 
condition continues, its prevalence will be likely to reach to 592 
million individual in 2035[4,5].
   Insulin is the only hormone that reduces blood sugar. It secretes 
from the beta cells of Langerhans islets in response to reduction 
of blood sugar[6,7]. Inappropriate secretion of insulin leads to 

disturbances in lipid and carbohydrate metabolism and even energy 
homeostasis. In diabetic patients glucose is not able to stimulate 
insulin secretion and subsequently resulted in hyperglycemia[8,9]. 
Thus, maintaining secretory power in islets can be helpful for 
preventing or delaying diabetes occurrence[10]. Many compounds 
have been identified that are stimulators of insulin secretion 
including glucose, arginine, acetylcholine and also many effective 
drugs against diabetes act in this way such as sulfonylurea[1,9,11,12]. 
But overstimulation of sulfonylurea can cause side effects such as 
hypoglycemia[8].
   Recently, more attention has been paid to herbs and their secondary 
metabolites to treat diabetes and approximately 75% of people 
around the world used the traditional medicine[8,13]. Extensive 
researches in the field of medicinal plants suggest that the plants 
have a potential to treat and control diabetes complications[4,13]. 
Thus, it has been reported as the common drugs for treatment of 
diabetes, such as metformin obtained from the plants[14].
   Citrullus colocynthis (L.) (C. colocynthis) belongs to the 
Cucurbitaceae family and commonly named wild gourd or bitter 
apple. It is usually found in desert areas particularly the Middle 
East and Arabic countries[15]. Studies were confirmed that this plant 
is effective for the treatment of asthma, jaundice, abortifacient, 
ulcer and amenorrhea and also has purgative and anti-cancer 
properties[15,16]. So far, various compounds like cucurbitacins were 
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found from C. colocynthis[17]. Previous studies have been showed 
that extracts prepared from seed and fruit of C. colocynthis are 
effective on lowering blood glucose in animal models of diabetes[18-20]. 
Nevertheless, studies have not been done regarding the effect of its 
leaves on stimulation of insulin secretion.
   The aim of this study was to evaluate effect of hydroalcoholic 
extract prepared from C. colocynthis leaves on insulin secretion 
in isolated Langerhans islets from male rats. This study was in 
line with our recent studies on diabetes complications including 
insulin resistance[21], protective effect on pancreas and heart[22], 
dyslipidemia[23] protein glycation[24], trace element changes[25], 
peroxidase/antioxidant balance[26], as well as on the mechanisms of 
plant ingredients in the treatment of diabetes mellitus[27].

2. Materials and methods

2.1. Chemical reagent

   Ethanol, glucose, dimethyl sulfoxide and dithizone were purchased 
from Sigma-Aldrich Chemical Co. (St. Louis, USA). Ketamine and 
xylazine were prepared from Alfasan (Woerden, Netherlands). Hanks’ 
balanced salt solution (HBSS), Roswell Park Memorial Institute 
1640, 10% fetal bovine serum and collagenase IV were purchased 
from Gibco (Gibco BrL, New York, USA). Rat insulin kit was also 
purchased from Mercodia (Uppsala, Sweden).

2.2. Plant collection and authentication

   Plant was collected from desert areas of Mehran city located in 
west of Iran during flowering stage (August to September 2014). 
Medicinal plants and natural products research center investigated 
and then authenticated the plant. A voucher specimen of the plant 
was retained at herbarium of medicinal plants and natural products 
research center, Ahvaz Jundishapur University of Medical Sciences, 
Ahvaz, Iran (No. A140740100FP).

2.3. Preparation of hydroalcoholic extract 

   The preparation method of hydroalcoholic extract was described 
in our previous study[22]. Briefly, the leaves of C. colocynthis were 
manually isolated and then dried at shade. After drying, the leaves by 
grinder were fully powdered and soaked at ethanol: water (70:30 v/v) 
for 48 to 72 h, subsequently were concentrated with rotary machine. 
Finally they were put in freezer dryer for 24 to 74 h and then obtained 
hydroalcoholic extract.

2.4. Isolation of rat pancreatic islets

   The collagenase digestion method was used for rat islets isolation[28]. 
The male Wistar rats (220–250 body weight) were anesthetized with 
ketamine and xylazine. And then the pancreases were isolated and 
with normal saline fully washed. Subsequently, they were washed by 
20 mL cold HBSS for three times (each time 1–2 min). After washing, 
HBSS was discarded and 1.5–2.0 mg collagenase IV/1 mL HBSS to 
pancreases were added, then fully pipetted. In next stage, they were 
placed in shaking incubator for 20 min and vortexed for about 5–6 
times. For stop of enzymatic digestion, cold HBSS was added. Finally, 
digested pancreases were centrifuged (1 500 r/min for 60 s) to isolate 
islet and supernatant was discarded and the islets at the bottom of the 
tube remained. In order to confirm the isolation, the dithizone-dimethyl 

sulfoxide staining was used. After preparation of solution of dissolved 
dithizone in 5 mL dimethyl sulfoxide which was added to isolated islets 
and placed in incubator (15 min) and washed with HBSS. The beta cells 
observed as red color by light microscope due to the high presence of 
zinc element[29].

2.5. Incubation isolated rat Langerhans islets with extract

   Isolated rat islets were placed in the medium (2 mL Roswell Park 
Memorial Institute 1640, 10% fetal bovine serum) and simultaneously 
hydroalcoholic extract (0.01, 0.10 and 1.00 mg/mL HBSS) was added 
overnight at 37 °C. Then 1 mL HBSS with 2.8 mmol glucose were 
pre-incubated for 30 min. For incubation, liquid pre-incubation was 
discarded and the wells were divided into two groups including basal 
group (added 1 mL HBSS with 2.8 mmol glucose) and stimulant group 
(added 1 mL HBSS with 16.7 mmol glucose) at incubator for 30 min. 
Then supernatant was collected and stored at –20 °C for measurement 
of insulin level. Insulin level was determined using ELISA method by 
rat insulin kit (Mercodia, Uppsala, Sweden).

2.6. Animal ethical committee approval

   All experimental procedures involving animals were conducted in 
accordance to ethical guidelines for working with experimental animals 
and approved by the Ethics Committee, Ahvaz Jundishapur University 
of Medical Sciences, Ahvaz, Iran.

2.7. Statistical analysis

   The all results were showed as mean ± SD. Data analysis was 
performed to SPSS software by One-way ANOVA followed by Tukey 
test. P ≤ 0.05 was considered as significant level.

3. Results

3.1. Effect of leaves extract of C. colocynthis on insulin secretion 

   We treated isolated rat pancreas with different doses of hydroalcoholic 
leaves extract of C. colocynthis (0.01, 0.10 and 1.00 mg/mL HBSS) 
(Table 1). The results showed that insulin level in control group treated 
by stimulant dose of glucose (16.7 mmol) was significantly increased 
compared to group treated by basal dose of glucose (2.8 mmol) 
approximately 1.64-fold (P ≤ 0.05). Moreover, the level of insulin in 
groups treated with 0.01, 0.10 and 1.00 mg/mL HBSS extract along 
with stimulant dose of glucose (16.7 mmol) was significantly higher 
than the same groups along with basal dose of glucose (2.8 mmol) 
about 1.80, 1.98 and 1.85-fold respectively (P ≤ 0.05).
Table 1 
Effect of hydroalcoholic leaves extract of C. colocynthis on insulin secretion 
from isolated rat islets.

Group Level of insulin (µIU/mL)
Basal glucose (2.8 mmol) Stimulant glucose (16.7 mmol)

Control group 1.730 ± 0.105   2.840 ± 0.651*

T 0.01 4.850 ± 0.985    8.760 ± 0.008**

T 0.10 5.330 ± 0.148 10.600 ± 0.934#

T 1.00 6.080 ± 0.658  11.290 ± 0.015##

Values were presented as mean ± SD. One-way ANOVA followed by Tukey 
test. T 0.01: Group of treated with 0.01 mg/mL HBSS hydroalcoholic 
extract; T 0.10: Group of treated with 0.10 mg/mL HBSS hydroalcoholic 
extract; T 1.00: Group of treated with 1.00 mg/mL HBSS hydroalcoholic 
extract. *: significant different with C; **: Significant different with T 0.01; 
#: Significant different with T 0.10; ##: Significant different with T 1.00. P 
value ≤ 0.05.
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   Although concomitant with increase of dose was showed an 
increment of insulin level (8.760, 10.600, and 11.290 respectively) 
but there was not dramatically different between doses of 0.1 to 1.0 
mg/mL HBSS extract. In deed, the most effect on insulin secretion 
was found in treatment by 0.1 mg/mL HBSS extract.

4. Discussion 

   Insulin is a hormone secreted by the pancreas which is the 
most important hormone in energy homeostasis. Defect of insulin 
secretion leads to diabetes. Therefore the discovery of compounds 
that have feature of stimulation of insulin secretion can be very 
important in treatment of diabetes[7,30]. This study is the first 
finding in association with the effect of hydroalcoholic leaves 
extract of C. colocynthis on insulin secretion in isolated islets 
from male rats. And the finding showed that extract prepared from 
this plant has property of insulin secretion in vitro. 
   Although glucose is the main stimulant for induction of insulin 
secretion but along with the progression of the diabetes, this 
process will be gradually abolished due to the disturbance of 
glucose entry into beta cells so that glucose-induced insulin 
secretion reduction is common property in diabetic patients[31]. 
According to the above sentence, we believed that continuing 
maintenance of insulin secretion delays many of the side effects 
of diabetes and focusing on this issue can be successful in 
diabetes treatment. In previous studies, the promising effects of 
C. colocynthis on improvement of diabetes particularly insulin 
secretion have been reported so that its seed result in protection 
of pancreatic beta cell against streptozotocin-induced damage 
and its seedless pulp leads to normalizing of serum insulin level 
and increase of insulin in beta cell under diabetes condition in 
rat[19,32,33]. Two-month treatment of diabetic rats with aqueous 
extract prepared from leaves of C. colocynthis led to increase 
of liver hexokinase activity and activity reduction of glucose-
6-phosphatase and fructose-1, 6-bisphosphatase and ultimately 
resulted in significant reduction in blood sugar, but in this study 
the amount of serum insulin did not examined. This study also 
mentioned that the leaves of C. colocynthis contain phenolic 
compounds[34]. Study has not been conducted on the effect of its 
leaves on insulin level. Our result indicated that hydroalcoholic 
leaves extract of C. colocynthis resulted in increment of insulin 
secretion concomitant with dose increase but there was not 
dramatically change between doses of 0.1 to 1.0 mg/mL HBSS, 
indeed dose of 0.1 mg/mL HBSS was the best dose for induction 
of insulin secretion.
   The compounds identified in the aerial parts of the plant can 
be noted to flavones such as isovitexin and isoorientin[35]. In the 
study, it was found that isovitexin has hypoglycemic effect and 
is very useful compound for the secretion of insulin[36]. It also 
seems that this effect is due to the presence of flavonoids in C. 
colocynthis. Because previous studies have been reported that 
C. colocynthis is rich of flavonoids[37-40]. On the other hand, 
Meena and Patni in 2008 reported that there are flavonoids such 
as quercetin in different parts of C. colocynthis including leaf, 
stem, fruit and root[41]. Previous studies has been determined that 
various flavonoids have the ability to secretion of insulin in vitro. 
For example, Cazarolli et al. has been reported that apigenin has 
property of insulin secretion[42]. In addition, it has been showed 
that quercetin leads to insulin secretion in insulinoma cell line-1 
pancreatic beta-cells[10]. In fact, quercetin is one of the candidate’s 

flavonoids to ameliorate stimulation of insulin secretion[43]. 
Because it involves with the L-type Ca2+ channels resulting in 
an increase of Ca2+ influx and ultimately insulin secretion[44]. 
In addition, Benariba et al. in 2013 suggested that effect of C. 
colocynthis on stimulation of insulin releases in isolated islets 
from the pancreas of rats associated with the presence of quercetin 
and myrcetin in this plant[45].
   Here, We obtained a novel finding about effect of C. colocynthis 
on insulin releasing from Langerhans islets of rat. Probably 
flavones and flavonoids can be useful in stimulation of insulin 
secretion. Therefore, We suggest that to understand the effect 
mechanism of C. colocynthis, further investigations should be 
done on its secondary metabolites especially isolated flavones and 
flavonoids.
  

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   This research project has been financially supported by Student 
Research Committee, Ahvaz Jundishapur University of Medical 
Sciences, Ahvaz, Iran (Grant No. 94S30). We also thank our 
staff in cellular and molecular research center for cooperation in 
research.

References

[1]    Matthaei S, Stumvoll M, Kellerer M, Häring HU. Pathophysiology 

and pharmacological treatment of insulin resistance. Endocr Rev 

2000; 21(6): 585-618.

[2]    Yibchok-anun S, Adisakwattana S, Yao CY, Sangvanich P, 

Roengsumran S, Hsu WH. Slow acting protein extract from fruit 

pulp of Momordica charantia with insulin secretagogue and 

insulinomimetic activities. Biol Pharm Bull 2006; 29(6): 1126-31.

[3]    Dallak M, Bin-Jaliah I. Antioxidant activity of Citrullus colocynthis 

pulp extract in the RBC’s of alloxan-induced diabetic rats. Pak J 

Physiol 2010; 6(1): 1-5.

[4]    Hannan JM, Marenah L, Ali L, Rokeya B, Flatt PR, Abdel-Wahab 

YH. Insulin secretory actions of extracts of Asparagus racemosus root 

in perfused pancreas, isolated islets and clonal pancreatic beta-cells. J 

Endocrinol 2007; 192(1): 159-68.

[5]    Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp 

U, Shaw JE. Global estimates of diabetes prevalence for 2013 and 

projections for 2035. Diabetes Res Clin Pract 2014; 103(2): 137-49.

[6]    Huang S, Czech MP. The GLUT4 glucose transporter. Cell Metab 

2007; 5(4): 237-52.

[7]    Affourtit C, Brand MD. Stronger control of ATP/ADP by proton leak 

in pancreatic beta-cells than skeletal muscle mitochondria. Biochem J 

2006; 393: 151-9.

[8]    Adisakwattana S, Moonsan P, Yibchok-Anun S. Insulin-releasing 

properties of a series of cinnamic acid derivatives in vitro and in vivo. 

J Agric Food Chem 2008; 56(17): 7838-44.

[9]    Kim K, Kim HY. Korean red ginseng stimulates insulin release from 

isolated rat pancreatic islets. J Ethnopharmacol 2008; 120(2): 190-5.

[10]  Youl E, Bardy G, Magous R, Cros G, Sejalon F, Virsolvy A, et al. 

Quercetin potentiates insulin secretion and protects INS-1 pancreatic 

β-cells against oxidative damage via the ERK1/2 pathway. Br J 

Pharmacol 2010; 161(4): 799-814.



Esmaeel Ebrahimi et al./Asian Pac J Trop Dis 2016; 6(8): 638-641 641

[11]  Mourad NI, Nenquin M, Henquin JC. Amplification of insulin 

secretion by acetylcholine or phorbol ester is independent of β-cell 

microfilaments and distinct from metabolic amplification. Mol Cell 

Endocrinol 2013; 367(1-2): 11-20.

[12]  Takahashi H, Shibasaki T, Park JH, Hidaka S, Takahashi T, Ono A, et 

al. Role of Epac2A/Rap1 signaling in interplay between incretin and 

sulfonylurea in insulin secretion. Diabetes 2015; 64(4): 1262-72.

[13]  Kasabri V, Flatt PR, Abdel-Wahab YH. Terminalia bellirica stimulates 

the secretion and action of insulin and inhibits starch digestion and 

protein glycation in vitro. Br J Nutr 2010; 103(2): 212-7.

[14]  Grover JK, Yadav S, Vats V. Medicinal plants of India with anti-

diabetic potential. J Ethnopharmacol 2002; 81(1): 81-100.

[15]  Torkey HM, Abou-Yousef HM, Abdel Azeiz AZ, Hoda EAF. 

Insecticidal effect of cucurbitacin E glycoside isolated from Citrullus 

colocynthis against Aphis craccivora. Aust J Basic Appl Sci 2009; 

3(4): 4060-6.

[16]  Al-Snafi AE. Chemical constituents and pharmacological effects of 

Citrullus colocynthis-a review. IOSR J Pharm 2016; 6(3): 57-67.

[17]  Sturm S, Schneider P, Seger C, Stuppner H. Analysis of Citrullus 

colocynthis cucurbitacine derivatives with HPLC-SPE-NMR. Sci 

Pharm 2009; 77: 254.

[18]  Zaree AB, Fallahhossini H, Sharifabady R, Norooz zadeh A, Emani 

H, Ghoshooni H. The effect of Citrullus colocynthis extract on 

preventing/reducing streptozotocin-induced diabetes in rat. Trauma 

Mon 2007; 12(1): 13-20.

[19]  Dallak M, Al-Khateeb M, Abbas M, Elessa R, Al-Hashem F, Bashir 

N, et al. In vivo, acute, normo-hypoglycemic, antihyperglycemic, 

insulinotropic actions of orally administered ethanol extract of 

Citrullus colocynthis (L.) schrab pulp. Am J Biochem Biotechnol 

2009; 5(3): 118-25.

[20]  Benariba N, Bellakdhar W, Djaziri R, Hupkens E, Louchami K, 

Malaisse WJ. Protective action of Citrullus colocynthis seed extracts 

against the deleterious effect of streptozotocin on both in vitro 

glucose-stimulated insulin release from rat pancreatic islets and in 

vivo glucose homeostasis. Biomed Rep 2013; 1(1): 119-21.

[21]  Shirali S, Zahra Bathaie S, Nakhjavani M. Effect of crocin on the 

insulin resistance and lipid profile of streptozotocin-induced diabetic 

rats. Phytother Res 2013; 27(7): 1042-7.

[22]  Ebrahimi E, Shirali S, Talaei R. The protective effect of marigold 

hydroalcoholic extract in STZ-induced diabetic rats: evaluation of 

cardiac and pancreatic biomarkers in the serum. J Bot 2016; 2016: 

1-6.

[23]  Shirali S, Bathaei SZ, Nakhjavani M, Ashoori MR. Effects of saffron 

(Crocus sativus L.) aqueous extract on serum biochemical factors in 

streptozotocin-induced diabetic rats. Iran J Med Aromat Plants 2012; 

2(56): 293-308.

[24]  Sharifat M, Shirali S, Ebadi P. Investigation of changes in levels of 

AGEs and β2-microglobulin in patients with type 2 diabetes. J Acad 

Appl Stud 2014; 4(9): 1-10.

[25]  Mahdizadeh R, Shirali S, Ebadi P. Investigation of imbalance of trace 

elements in patients with type 2 diabetes mellitus. J Acad Appl Stud 

2014; 4(9): 11-21.

[26]  Farzanegi P, Ayatollahi AA, Barari A, Fakori Joybari M, Shirali S, 

Shojaee M, et al. [Effect of eight-week consumption of purslane 

extract on peroxidane/antioxidant balance in women with type 2 

diabetes]. Medi-Link J 2014; 8(2): 1-8. Persian. 

[27]  Bathaie SZ, Mokarizade N, Shirali S. An overview of the mechanisms 

of plant ingredients in the treatment of diabetes mellitus. J Med 

Plants 2012; 4(44): 1-24.

[28]  Lacy PE, Kostianovsky M. Method for the isolation of intact islets of 

langerhans from the rat pancreas. Diabetes 1967; 16(1): 35-9.

[29]  Ebrahimie M, Esmaeili F, Cheraghi S, Houshmand F, Shabani L, 

Ebrahimie E. Efficient and simple production of insulin-producing 

cells from embryonal carcinoma stem cells using mouse neonate 

pancreas extract, as a natural inducer. PloS One 2014; 9(3): e90885.

[30]  Doyle ME, Egan JM. Pharmacological agents that directly modulate 

insulin secretion. Pharmacol Rev 2003; 55(1): 105-31.

[31]  Weir GC, Laybutt DR, Kaneto H, Bonner-Weir S, Sharma A. Beta-cell 

adaptation and decompensation during the progression of diabetes. 

Diabetes 2001; 50(Suppl 1): S154-9.

[32]  Sebbagh N, Cruciani-Guglielmacci C, Ouali F, Berthault MF, Rouch 

C, Sari DC, et al. Comparative effects of Citrullus colocynthis, 

sunflower and olive oil-enriched diet in streptozotocin-induced 

diabetes in rats. Diabetes Metab 2009; 35(3): 178-84.

[33]  Dallak M, Bashir N, Abbas M, Elessa R, Haidara M, Khalil M, et al. 

Concomitant down regulation of glycolytic enzymes, upregulation 

of gluconeogenic enzymes and potential hepato-nephro-protective 

effects following the chronic administration of the hypoglycemic, 

insulinotropic Citrullus colocynthis pulp extract. Am J Biochem 

Biotechnol 2009; 5(4): 153-61.

[34]  Gurudeeban S, Ramanathan T. Antidiabetic effect of Citrullus 

colocynthis in alloxon-induced diabetic rats. Inventi Rapid Ethno 

Pharmacol 2010; 1(1): 112.

[35]  Gurudeeban S, Satyavani K, Ramanathan T. Bitter apple (Citrullus 

colocynthis): an overview of chemical composition and biomedical 

potentials. Asian J Plant Sci 2010; 9(7): 394-401.

[36]  Folador P, Cazarolli LH, Gazola AC, Reginatto FH, Schenkel EP, 

Silva FR. Potential insulin secretagogue effects of isovitexin and 

swertisin isolated from Wilbrandia ebracteata roots in non-diabetic 

rats. Fitoterapia 2010; 81(8): 1180-7.

[37]  Salama HMH. Alkaloids and flavonoids from the air dried aerial parts 

of Citrullus colocynthis. J Med Plants Res 2012; 6(38): 5150-5.

[38]  Hussain AI, Rathore HA, Sattar MZA, Chatha SAS, ud din Ahmad F, 

Ahmad A, et al. Phenolic profile and antioxidant activity of various 

extracts from Citrullus colocynthis (L.) from the Pakistani flora. Ind 

Crops Prod 2013; 45: 416-22.

[39]  Nmila R, Gross R, Rchid H, Roye M, Manteghetti M, Petit P, et al. 

Insulinotropic effect of Citrullus colocynthis fruit extracts. Planta 

Med 2000; 66(5): 418-23.

[40]  Delazar A, Gibbons S, Kosari AR, Nazemiyeh H, Modarresi M, 

Nahar L, et al. Flavone C-glycosides and cucurbitacin glycosides 

from Citrullus colocynthis. Daru 2006; 14(3): 109-14.

[41]  Meena MC, Patni V. Isolation and identification of flavonoid 

“quercetin” from Citrullus colocynthis (Linn.) Schrad. Asian J Exp 

Sci 2008; 22(1): 137-42.

[42]  Cazarolli LH, Folador P, Moresco HH, Brighente IM, Pizzolatti MG, 

Silva FR. Stimulatory effect of apigenin-6-C-beta-L-fucopyranoside 

on insulin secretion and glycogen synthesis. Eur J Med Chem 2009; 

44(11): 4668-73.

[43]  Bhattacharya S, Oksbjerg N, Young JF, Jeppesen PB. Caffeic acid, 

naringenin and quercetin enhance glucose-stimulated insulin secretion 

and glucose sensitivity in INS-1E cells. Diabetes Obes Metab 2014; 

16(7): 602-12.

[44]  Bardy G, Virsolvy A, Quignard JF, Ravier MA, Bertrand G, Dalle 

S, et al. Quercetin induces insulin secretion by direct activation of 

L-type calcium channels in pancreatic beta cells. Br J Pharmacol 

2013; 169(5): 1102-13.

[45]  Benariba N, Djaziri R, Hupkens E, Louchami K, Malaisse WJ, Sener 

A. Insulinotropic action of Citrullus colocynthis seed extracts in rat 

pancreatic islets. Mol Med Rep 2013; 7(1): 233-6.


