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Abstract
Background and Objective: Prosopis farcta fruit (PFF) is known to have antioxidant activity. Antioxidants can reduce and prevent
dyslipidemia and hyperglycemic in diabetic patients. This study was conducted to investigate the effect of PFF hydroalcoholic extract on some blood biochemical parameters in insulin resistance model of rats.
Methods: In this experimental study, diabetes was induced by feeding the animals with fructose (12% w/v) and soybean (20% dry
matter) for 6 weeks followed by a single intraperitoneal injection of streptozotocin (30 mg/kg). The animals were divided into four
groups: 1 and 2) Healthy and diabetic controls; 3 and 4) healthy and diabetic rats receiving PFF (100 mg/kg body weight). The blood
samples were collected and the serum concentrations of glucose, triglycerides, cholesterol, HDL-C, LDL-C and VLDL-C were investigated.
Results: Streptozotocin increased serum levels of glucose, triglycerides, cholesterol and LDL-C (P < 0.05), but PFF extract lowered
the serum concentrations of these variables (P < 0.05) in diabetic rats.
Conclusions: PFF extract might be useful for the treatment of hyperglycemic and hyperlipidemic in diabetic patients.
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1. Background
It has been shown that alterations in eating habits, obesity and less physical activity are risk factor for type2 diabetes [1]. Diabetes mellitus is also identified by altered
carbohydrate, lipid and protein metabolism [2]. Patients
with type 2 diabetes mellitus are not dependent on exogenous insulin, but may be later required, since the pancreatic islet β -cells cannot compensate insulin failure in
insulin resistance. Increased triglycerides and decreased
HDL-cholesterol has been accepted as the most common
pattern of dyslipidemia [3]. Involvement of reactive oxygen species (ROS) in diabetes, as one factor, has been
proven. Environmental pollutants, side effects of drug
metabolism, smoking, alcohol, inadequate nutrition, and
excess solar radiation are known sources for ROS during
diabetes [4] which, in turn, increase dyslipidemia. On the
other hand, early phenomenon of type 2 diabetes mellitus is insulin insensitivity which not only has negative
metabolic consequences [5, 6] but it also contributes subsequent pancreas β -cell exhaustion, resulting in the onset
of clinical hyperglycemia [7].

Insulin resistance can be attributed to molecular defects like defects in the insulin binding, signal transduction, or post receptor defects. These defects have been
widely characterized in humans with type 2 diabetes [8]
as well as experimental animal models of insulin resistance [9]. The rapid insulin action to stimulate glucose
uptake and metabolism in peripheral tissues is a fundamental mechanism for the maintenance of glucose homeostasis [10]. The use of safe treatments for diabetes would
be needed [11]. The role of medicinal plants for treatment
of diabetes and other chronic disorders has been investigated [12, 13].
Prosopis is member of Fabaceae family and its shrubs
have height by 2 to 3 m. Prosopis farcta (PF), identified
as Syrian mesquite, and are mostly native Asia and allocated from India to Iran. PF is known to have some components such as lectin, L-arabinose, 5-hydroxyl, quercetin
(flavonoid), tryptamine (alkaloid) and apigenin [14]. Antioxidant activity of flavonoids present in PF has been
reported [15]. The obtained results from the antioxidant capacity of honeybee-collected pollen extract from
Prosopis juliflora suggested that it is an important source
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of flavonoids which can be considered as natural antioxidants [15, 16]. Alharbi et al. [17] showed that flavonoids in
PF act as strong antioxidant and decrease total cholesterol,
triglycerides, malondialdehyde and also increase HDL-C
in tetrachloride-induced hepatotoxicity rats. Therefore PF
has antioxidant and antilipidemic activity [17] and it may
be useful in diabetic rats. The present research was conducted to investigate the effects of PF extract on the serum
concentrations of glucose and lipids in insulin resistance
model of rats.

Azmoon-Iran) and LDL and VLDL were calculated as follows
[19]:
LDL-C = total cholesterol-(HDL + Triglycerides/5)
VLDL = Triglycerides/5
The data was analyzed using Graph Pad Prism (version
5) and expressed as mean ± SEM. The data were analyzed
by the one-way analysis of variance and Tukey test was also
considered to compare the significant difference among
groups and P ≤ 0.05 was considered as significant differences.

2. Methods

3. Results

The present experimental study was conducted in faculty of agriculture, University of Birjand and approved by
Ethical committee of the University.
Prosopis farcta fruit (PFF) were collected from suburb of
Birjand, and kept in standard conditions. PFF was firstly
dried and then powdered. Fifty grams of powder was
added in 1000 mL of ethanol 80% for 24 hours at room temperature and it was then filtered by a filter paper. The solution was subsequently maintained in the oven for 1 - 2 days
at 40°C for removing of evaporation of the solvent. The
samples were stored at -20°C.
Thirty-two adult male Wistar rats weighting about 200
to 250 grams and 3 months of age were used. Animals were
maintained under standardized housing conditions (temperature, 22 ± 2°C, 12-h light/dark cycle light on from 7
a.m. and 60 ± 5% humidity) in Plexiglas cages with free
access to food (standard laboratory rodent chow) and tap
water ad libitum. Animals were divided to four groups
and six animals in each group: Healthy and diabetic controls; healthy and diabetic receiving PFF (100 mg/kg body
weight).Thus, experimental treatments were; healthy control (HC) – healthy rats gavaged with 100 mg/kg of PFF extract (HPFF); diabetic control (DC) – diabetic rats receiving
the 100 mg/kg of PFF extract (DPFF). The animals were fed
with fructose 12% w/v in daily water and soybean oil by 20%
dry matter for six weeks. On day 42, rats were given an
intraperitoneal injection of streptozotocin (STZ; 60 mg/kg
body weight) dissolved in citrate buffer, pH 4.5 (0.1 mol/L
trisodium citrate, 0.1 mol/L citric acid) [18]. Diabetes was
approved by measuring the blood glucose levels 72 hours
after the STZ-administration by glucometer. Animals with
blood glucose level higher than 250 mg/dl were considered
as diabetic.
Two weeks after treatment with PFF, blood samples were directly collected from the heart into nonheparinized tubes. The serum samples were then analyzed for glucose, triglycerides, cholesterol and HDL-C.
The samples were analyzed using commercial kit (Pars

The serum concentration of glucose of DC rats was significantly increased compared to HC rat (279.3 ± 24.42 vs
135.5 ± 10.41, P = 0.0038). Diabetic rats treated with PFF
showed lower serum concentration of glucose compared
with DC animals (279.3 ± 24.42 vs 141.6 ± 34.56, P = 0.0038).
This result well shows hypoglycemic activity of PFF. Induction of diabetes markedly increased the serum concentrations of triglycerides (88.87 ± 10.94 vs 39.28 ± 5.86, P
≤ 0.0001), cholesterol (108.15 ± 7.84 vs 77.75 ± 5.55, P =
0.0006), LDL-C (64.52 ± 9.51 vs 30.45 ± 5.55, P = 0.0057)
and VLDL-C (82.56 ± 10.4 vs 38.9 ± 4.28, P = 0.0053). PFF
extract administration in diabetic rats lowered the serum
concentrations, triglycerides (88.87 ± 10.94 vs 48.45 ± 5.70,
P ≤ 0.0001), cholesterol (108.15 ± 7.84 vs 80.95 ± 5.82, P =
0.0006), LDL-C (64.52 ± 9.51 vs 33.28 ± 2.55, P = 0.0057) and
VLDL-C (82.56 ± 10.4 vs 43.11 ± 2.53, P = 0.0053), it can be
stated that PFF hydroalcoholic extract acts as lowering the
lipid profile. PFF hydroalcoholic extract could not alter the
serum concentrations of glucose and lipids in healthy rats.
The serum concentration of HDL-C was not influenced by
diabetes and PFF hydroalcoholic extract (P = 0.146) (Table
1).

2

4. Discussion
This study for the first time was conducted to investigate the effect of PFF extract on glucose and some lipid
parameters in a rat model of insulin resistance. Results
showed hypoglycemic and hypolipidemic activities of PFF
extract in diabetic rats. Regarding the glucose concentration, previous studies showed that STZ markedly increased
the level serum of glucose [20, 21]. Montilla et al. [20] stated
that hyperglycemia, in turn, can cause injuries in tissues
and brain which subsequently may lower plasma insulin
and increase glucose excretion. Animal and human studies
have been shown the role of ROSs in pathogenesis of diabetes [22, 23]. Role of ROS in development and progression
of diabetes through injury to pancreatic islets has been
Zahedan J Res Med Sci. 2018; 20(1):e13498.
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Table 1. The Effect of PFF Hydroalcoholic Extract on Blood Biochemical Parameters (mg/dL) in Streptozotocin-Induced Diabetic Rats
Experimental Treatmentsa

HC

Dependent Variables
Glucose

Triglycerides

Cholesterol

LDL-C

VLDL-C

HDL-C

135.5 ± 30.41b

39.28 ± 5.86b

77.75 ± 5.55b

30.45 ± 5.55b

38.9 ± 4.28b

49.53 ± 1.75

DC

279.3 ± 24.42a

88.87 ± 10.94a

108.15 ± 7.84a

64.52 ± 9.51a

82.56 ± 10.4a

43.36 ± 2.11

HPFF

186.4 ± 43.85b

31.98 ± 2.06b

68.72 ± 7.95b

26.68 ± 3.71b

36.86 ± 7.66b

41.96 ± 0.95

DPFF

141.6 ± 34.56b

48.45 ± 5.70b

80.95 ± 5.82b

33.28 ± 5.55b

43.11 ± 2.53b

47.56 ± 3.76

0.0038

< 0.0001

0.0006

0.0057

0.0053

0.146

P Valueb
a

The experimental treatments (groups) were: (HC) healthy control - (HPFF) healthy rats fed with 100 mg of PFF extract/kg body weight- (DC) diabetic control - (DPFF)
diabetic rats receiving the 100 mg of PFF extract/kg body weight.
b
In each column, different letters (a and b) indicate differences in each column (P < 0.05).

shown [22]. It can be stated that ROS damages pancreatic
islets and then increases glucose concentration. Key role of
oxidative stress in progression of diabetes is clearly shown
when antioxidant defense systems are defaulted [22, 23]. It
can be stated that use of natural antioxidants, plants and
their derivatives can be helpful in treatment of diabetes.
However, the current study showed benefit effects of PFF
extract on glucose level. This effect may be attributed to
PFF extract compounds. Quercetin, a flavonidal component present in PFF extract, has been shown to stimulating
activity of insulin and subsequently may stimulate insulin
release in STZ-induced diabetic rats [24].
One of phenomenon of type 2 diabetes is insulin insensitivity which has negative metabolic consequences [5,
7] and contributes subsequent pancreas β -cell exhaustion,
resulting in the onset of clinical hyperglycemia. It has been
reported that flavonoids has a role in regeneration of the
injured pancreatic β -cells in diabetic models [25] and thus
may prevent insulin resistance. Other study showed inhibitory activity of some flavonoids on cAMP phosphodiesterase activity which is accompanied by insulin secretion
which subsequently reduces glucose level [26]. It has been
reported that quercetin has antidiabetic effect like metformin [27]. Quercetin, present in onion peel extracts, improved insulin sensitivity by up-regulating expressions of
insulin receptor and glucose transporter as well as by promoting metabolism of glucose in peripheral tissues in diabetic rats [28]. This study can partly help to this claim that
PFF due to have quercetin could lower glucose concentration. Other reason is antioxidant activity of present compounds in PFF extract which may prevent injuries to pancreatic islets. This action, in turn, helps insulin synthesis
which subsequently decreases glucose concentration. The
antioxidant system would be later discussed.
Findings showed that diabetes caused hyperlipidemia.
The hyperlipidemic action of STZ in diabetic rats has been
previously reported [29]. Hypertriglyceridemia and hyperZahedan J Res Med Sci. 2018; 20(1):e13498.

cholesterolemia has been reported as the most common
lipid abnormalities in diabetes [30, 31]. A study showed
hypertriglyceridemia is related to hypercoagulability, hyperinsulinemia, insulin resistance, and glucose intolerance [32]. Findings showed that PFF extract lowered the
serum concentration of triglycerides, cholesterol, LDL-C
and VLDL. Parallel to findings, Alharbi et al. [17] showed that
Prosopis farcta acts as strong antioxidant and decreases total cholesterol, triglycerides in tetrachloride-induced hepatotoxicity rats. The activity of lipid lowering by PFF extract may be due to present compounds in PFF extract. Antioxidant activity of some compounds in plants (phenolic, flavonoids, sterols and alkaloids) is accepted. It seems
likely that PFF hydroalcoholic extract may help to alleviate the negative effects of diabetes on blood parameters
through antioxidant system. Poudineh et al. [33] showed
antioxidant activity phenolic compounds of PFF extract.
It seems that antioxidant compounds present in PFF extract prevent lipolysis in diabetic rats. It has been shown
the role of antioxidant defense systems against oxidative
stress [34]. Oxidative stress and subsequently ROS production can degrade lipids and cause lipid peroxidation and
lipolysis. Antioxidant compounds may interact with ROS
and alleviate negative effects of diabetes on lipids. PFF
extract declined the serum concentrations of cholesterol,
LDL-C and VLDL. Under diabetic conditions, insulin deficiency has a major role in enhancing cholesterol synthesis which may be accompanied by increased 3-hydroxy-3methylglutaryl coenzyme A reductase (limiting enzyme
for cholesterol synthesis). It is shown that plants have activities against acunose-3-methylglutaryl coenzyme A reductase which subsequently can reduce cholesterol concentration [35]. While, PFF extract lowered the serum concentrations of glucose and lipid in diabetic rats, it did not
have significant effect on the serum concentrations of glucose and lipid in healthy rats. HDL-C was not also affected
by diabetes and PFF extract. These findings suggest com-
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bination treatment of PFF extract with other commercial
drugs for diabetes therapy might be useful.
This study for first time investigated the effect of PFF
extract on the serum concentration of glucose and lipids
in insulin resistance model of rats. Findings showed that
diabetes increased the serum concentrations of glucose,
triglycerides, cholesterol, LDL-C and VLDL, while oral supplementing the PFF extract lowered the increased mentioned parameters. These effects may be attributed to active compounds in PFF extract. It can be suggested the use
of PFF extract with other commercial drugs for diabetes
therapy.
Footnotes
Authors’ Contribution: All authors had equal role in design, work, statistical analysis and manuscript writing.
Conflict of Interest: Ethical standard
Funding/Support: The present study was conducted in
faculty of agriculture, University of Birjand and approved
by ethical committee of the University as M.Sc thesis
(1178417).

References
1. Sahay BK, Sahay RK. Lifestyle modification in management of diabetes
mellitus. J Indian Med Assoc. 2002;100(3):178–80. [PubMed: 12408279].
2. Okoli CO, Ibiam AF, Ezike AC, Akah PA, Okoye TC. Evaluation of antidiabetic potentials of Phyllanthus niruri in alloxan diabetic rats. Afr J
Biotechnol. 2010;9(2).
3. Tripathi BK, Srivastava AK. Diabetes mellitus: Complications and therapeutics. Med Sci Monitor. 2006;12(7):RA130–47.
4. Halliwell B. Reactive oxygen species in living systems: source, biochemistry, and role in human disease. Am J Med. 1991;91(3C):14S–22S.
[PubMed: 1928205].
5. Panda S, Kar A. Antidiabetic and antioxidative effects of Annona
squamosa leaves are possibly mediated through quercetin-3-Oglucoside. Biofactors. 2007;31(3-4):201–10. [PubMed: 18997283].
6. Aslan M, Deliorman Orhan D, Orhan N, Sezik E, Yesilada E. In vivo
antidiabetic and antioxidant potential of Helichrysum plicatum
ssp. plicatum capitulums in streptozotocin-induced-diabetic rats.
J Ethnopharmacol. 2007;109(1):54–9. doi: 10.1016/j.jep.2006.07.001.
[PubMed: 16949229].
7. Cunha WR, Arantes GM, Ferreira DS, Lucarini R, Silva ML, Furtado
NA, et al. Hypoglicemic effect of Leandra lacunosa in normal and
alloxan-induced diabetic rats. Fitoterapia. 2008;79(5):356–60. doi:
10.1016/j.fitote.2008.04.002. [PubMed: 18538949].
8. Shulman GI. Cellular mechanisms of insulin resistance in humans.
Am J Cardiol. 1999;84(1A):3J–10J. [PubMed: 10418851].
9. Kim JK, Gavrilova O, Chen Y, Reitman ML, Shulman GI. Mechanism of insulin resistance in A-ZIP/F-1 fatless mice. J Biol Chem.
2000;275(12):8456–60. [PubMed: 10722680].
10. Kwon O, Eck P, Chen S, Corpe CP, Lee JH, Kruhlak M, et al. Inhibition
of the intestinal glucose transporter GLUT2 by flavonoids. FASEB J.
2007;21(2):366–77. doi: 10.1096/fj.06-6620com. [PubMed: 17172639].
11. Suji G, Sivakami S. Approaches to the treatement of diabetes mellitus:
an overview. Cell Mol Biol (Noisy-le-grand). 2003;49(4):635–9. [PubMed:
12899455].

4

12. Al-Aboudi A, Afifi FU. Plants used for the treatment of diabetes in Jordan: a review of scientific evidence. Pharm Biol. 2011;49(3):221–39. doi:
10.3109/13880209.2010.501802. [PubMed: 20979537].
13. Ali-Shtayeh MS, Jamous RM, Al-Shafie JH, Elgharabah WA, Kherfan FA,
Qarariah KH, et al. Traditional knowledge of wild edible plants used in
Palestine (Northern West Bank): a comparative study. J Ethnobiol Ethnomed. 2008;4:13. doi: 10.1186/1746-4269-4-13. [PubMed: 18474107].
14. Direkvand-Moghadam F, Ghasemi-Seyed V, Abdali-Mashhadi AR, Lotfi
A, Direkvand-Moghadam A, Delpisheh A. Extraction and measurement of the Quercetin flavonoid of Prosopis farcta in Khouzestan climatic condition. Adv Herb Med. 2015;1(1):29–35.
15. Almaraz-Abarca N, da Graça Campos M, Ávila-Reyes JA, NaranjoJiménez N, Herrera Corral J, González-Valdez LS. Antioxidant activity of polyphenolic extract of monofloral honeybee-collected pollen
from mesquite (Prosopis juliflora, Leguminosae). J Food Compos Analysis. 2007;20(2):119–24. doi: 10.1016/j.jfca.2006.08.001.
16. Quispe C, Petroll K, Theoduloz C, Schmeda-Hirschmann G. Antioxidant effect and characterization of South American Prosopis pods
syrup. Food Res Int. 2014;56:174–81. doi: 10.1016/j.foodres.2013.12.033.
17. Alharbi KB, Mousa HM, Ibrahim ZH, El-Ashmawy IM. Hepatoprotective effect of methanolic extracts of Prosopis farcta and Lycium shawii
against carbon tetrachloride-induced hepatotoxicity in rats. J Biol Sci.
2017;17:35–41.
18. Adeghate E. Effect of subcutaneous pancreatic tissue transplants on
streptozotocin-induced diabetes in rats. II. Endocrine and metabolic
functions. Tissue Cell. 1999;31(1):73–83. doi: 10.1054/tice.1999.0007.
19. Cordova CMM, Schneider CR, Juttel ID, Cordova MM. Comparison
of LDL-cholesterol direct measurement with the estimate using the
Friedewald formula in a sample of 10,664 patients. Arquivos brasileiros
de cardiologia. 2004;83(6):476–81.
20. Montilla P, Barcos M, Munoz MC, Bujalance I, Munoz-Castaneda JR,
Tunez I. Red Wine Prevents Brain Oxidative Stress and Nephropathy
in Streptozotocin-induced Diabetic Rats. BMB Rep. 2005;38(5):539–44.
doi: 10.5483/BMBRep.2005.38.5.539.
21. Nuño K, Villarruel-Lopez A, Puebla-Perez AM, Romero-Velarde E,
Puebla-Mora AG, Ascencio F. Effects of the marine microalgae Isochrysis galbana and Nannochloropsis oculata in diabetic rats. J Function
Foods. 2013;5(1):106–15. doi: 10.1016/j.jff.2012.08.011.
22. Ihara Y, Toyokuni S, Uchida K, Odaka H, Tanaka T, Ikeda H, et al. Hyperglycemia causes oxidative stress in pancreatic beta-cells of GK
rats, a model of type 2 diabetes. Diabetes. 1999;48(4):927–32. [PubMed:
10102716].
23. Rolo AP, Palmeira CM. Diabetes and mitochondrial function:
role of hyperglycemia and oxidative stress. Toxicol Appl Pharmacol. 2006;212(2):167–78. doi: 10.1016/j.taap.2006.01.003. [PubMed:
16490224].
24. Vessal M, Hemmati M, Vasei M. Antidiabetic effects of quercetin in
streptozocin-induced diabetic rats. Comp Biochem Physiol C Toxicol
Pharmacol. 2003;135C(3):357–64. [PubMed: 12927910].
25. Chakravarthy BK, Gupta S, Gode KD. Functional beta cell regeneration in the islets of pancreas in alloxan induced diabetic rats by (-)epicatechin. Life Sci. 1982;31(24):2693–7. [PubMed: 6759833].
26. Sezik E, Aslan M, Yesilada E, Ito S. Hypoglycaemic activity of Gentiana
olivieri and isolation of the active constituent through bioassaydirected fractionation techniques. Life Sci. 2005;76(11):1223–38. doi:
10.1016/j.lfs.2004.07.024. [PubMed: 15642593].
27. Kannappan S, Anuradha CV. Insulin sensitizing actions of fenugreek
seed polyphenols, quercetin & metformin in a rat model. Indian J Med
Res. 2009;129:8–401.
28. Jung JY, Lim Y, Moon MS, Kim JY, Kwon O. Onion peel extracts
ameliorate hyperglycemia and insulin resistance in high fat
diet/streptozotocin-induced diabetic rats. Nutr Metab (Lond).
2011;8(1):18. doi: 10.1186/1743-7075-8-18. [PubMed: 21439094].
29. Sharma SR, Dwivedi SK, Swarup D. Hypoglycaemic, antihyperglycaemic and hypolipidemic activities of Caesalpinia bonducella seeds
in rats. J Ethnopharmacol. 1997;58(1):39–44. [PubMed: 9324003].

Zahedan J Res Med Sci. 2018; 20(1):e13498.

Heydari M et al.

30. Khan BA, Abraham A, Leelamma S. Hypoglycemic action of Murraya
koenigii (curry leaf) and Brassica juncea (mustard): mechanism of
action. Indian J Biochem Biophys. 1995;32(2):106–8. [PubMed: 7642200].
31. Mitra SK, Gopumadhavan S, Muralidhar TS, Anturlikar SD, Sujatha MB.
Effect of D-400, a herbomineral preparation on lipid profile, glycated
haemoglobin and glucose tolerance in streptozotocin induced diabetes in rats. Indian J Exp Biol. 1995;33(10):798–800. [PubMed: 8575814].
32. Ginsberg HN. Lipoprotein metabolism and its relationship to
atherosclerosis. Med Clin North Am. 1994;78(1):1–20. [PubMed:
8283926].

Zahedan J Res Med Sci. 2018; 20(1):e13498.

33. Poudineh Z, Amiri R, Najafi S, Mir N. Total phenolic content, antioxidant, and antibacterial activities of seed and pod of Prosopis farcta
from Sistan region, Iran. Azarian J Agric. 2015.
34. Piñero Estrada J. Antioxidant activity of different fractions of Spirulina platensis protean extract. Il Farmaco. 2001;56(5-7):497–500. doi:
10.1016/s0014-827x(01)01084-9.
35. Lee KW, Everts H, Kappert HJ, Wouterse H, Frehner M, Beynen AC.
Cinnamaldehyde, but Not Thymol, Counteracts the Carboxymethyl
Cellulose-induced Growth Depression in Female Broiler Chickens. Int
J Poultry Sci. 2004;3(9):608–12. doi: 10.3923/ijps.2004.608.612.

5

