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ABSTRACT
Background: Our previous study showed antidiabetic effect of aqueous 
extract of Solanum nigrum Linn fruit  (SNE). Objective: This study was 
designed to explore the antidiabetic and nephroprotective effects of 
SNE in diabetic rats. Materials and Methods: Animals were divided into 
nine groups to undergo two experiment protocols: Two groups served as 
nondiabetic controls (NDCs), while the other groups had diabetes induced 
with a single injection of streptozotocin. SNE‑treated diabetic  (D‑SNE) 
and SNE‑treated controls (NDC‑SNE) received 1 g/L of SNE added to the 
drinking water and insulin‑treated diabetic (D‑I) for 8 weeks. Furthermore, 
there were four groups (D‑SNE, NDC‑SNE, D‑I, D) in the second protocol to 
examine diabetic nephropathy (DN) for 16 weeks. Blood urea nitrogen (BUN), 
creatinine (Cr) magnesium, nitric oxide (NO), and malondialdehyde (MDA) 
levels were measured. Both kidneys were isolated to measure MDA, NO 
levels, and renal damage. Results: SNE could decrease blood glucose 
level in diabetic rats. In addition, SNE was more effective than insulin in 
controlling blood glucose. SNE could decrease BUN, Cr levels, and kidney 
weight and damage after 8 and 16 weeks of administration. Plasma and 
kidney levels of NO and MDA also decreased. Conclusion: Our results 
support the hypothesis that SNE could play a role in the management of 
diabetes and the prevention of DN.
Key words: Blood glucose, blood urea nitrogen, creatinine, diabetic 
nephropathy, malondialdehyde, Solanum nigrum fruit

SUMMARY
•  The aqueous extract of Solanum nigrum Linn fruit  (SNE) (1 g/L via drinking 

water) was studied on streptozotocin‑induced diabetic rats to prevent dia‑
betic nephropathy (DN). The results suggest that SNE in addition to the man‑
agement of diabetes could have a beneficial effect on the prevention of DN.

Abbreviations Used: SNE: Extract of Solanum nigrum Linn fruit, NDCs: 
Nondiabetic controls, STZ: Streptozotocin, D‑SNE: SNE‑treated diabetic, 
NDC‑SNE: SNE‑treated controls, D‑I: Insulin‑treated diabetic, BUN: 
Blood urea nitrogen, Cr: Creatinine, Mg: Magnesium, NO: Nitric oxide, 
MDA: Malondialdehyde, DN:

Diabetic nephropathy, BW: Body weight, FBG: Fed blood glucose, KW: 
Kidney weight, TBA: Thiobarbituric acid, IPGTT: Intraperitoneal glucose 
tolerance test, AUC: Aria under the curve, GFR: Glomerular filtration rate.
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INTRODUCTION
Diabetic nephropathy (DN) is described by a progressive decline in renal 
function, proteinuria, and hypertension. The main agent of declining 
renal function in DN may be mesangial cell changes[1] and thickening 
of the basement membrane.[2‑5] In addition, tubulointerstitial fibrosis 
may occur in DN.[3,6] Usage of medicinal plants is recommended for 
prevention and treatment of diabetes because they have fewer side 
effects.[7,8] Solanum nigrum Linn  (henceforth called S. nigrum from 
family Solanaceae) is a common herb that grows wildly in open fields. 
The morphological properties of S. nigrum have been reported in various 
articles.[9‑13] It is commonly called Makoi or black nightshade.[13] The plant 
is easily found in most parts of Iran, India, and Southern Europe.[10,11]

There are abundant nutrients in the plant such as minerals, vitamins, 
proteins, and certain hormone precursors.[14] The plant possesses a 

wide spectrum of pharmacological properties and acts as antioxidant, 
anticancer, hepatoprotective, neuroprotective, antiulcerogenic,[15] 
sedative, diaphoretic, diuretic,[16] and tuberculosis.[17] Furthermore, 
it has been traditionally used in treating various ailments such as 

Pharmacogn. Res.
A multifaceted peer reviewed journal in the field of Pharmacognosy and Natural Products
www.phcogres.com | www.phcog.net

Cite this article as: Azarkish F, Hashemi K, Talebi A, Kamalinejad M, Soltani N, 
Pouladian N. Effect of the administration of Solanum nigrum fruit on prevention 
of diabetic nephropathy in streptozotocin-induced diabetic rats. Phcog Res 
2017;9:325-32.

This is an open access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Access this article online
Website: www.phcogres.com
Quick Response Code:



FARIBA AZARKISH, et al.: Solanum nigrum Fruit and Diabetic Nephropathy

326 Pharmacognosy Research, Volume 9, Issue 4, October‑December, 2017

pain, inflammation, fever, cough, cold, asthma, skin diseases, liver 
and heart problems,[9,11] and dysentery.[16] The leaves are detected to 
possess hypotensive effect.[16] Furthermore, the researchers showed 
that administration of S.  nigrum leaves to diabetic rats caused 
antihyperglycemic and hypolipidemic effects.[18] Recent studies have 
shown that administration of S. nigrum leaves in normoglycemic and 
diabetic rats could decrease blood glucose level and leads to an increase 
in insulin secretion while improving the antioxidant defense in diabetic 
rats.[19] Alkaloids and solanine of aqueous extract of S. nigra may be 
responsible for antidiabetic effects of the plant.[20]

The researchers have reported antioxidant properties of methanolic 
extract of S. nigrum (SNE) berries on aspirin‑induced gastric mucosal 
damage.[16] Furthermore, antioxidant, antihyperlipidemic, and 
nephroprotective effects of aqueous SNE against ethanol‑induced 
toxicity have been reported.[11,15] Moreover, the researchers 
recommended that the water extract has better hepatoprotective 
effects than the methanolic one.[21] Singh et al. have shown a successive 
increase in the content protein of liver and kidney after daily 
administration of S. nigrum.[22] In addition, different concentrations 
of S. nigrum significantly protected gentamicin‑induced kidney 
cell damage.[23] Antidiabetic SNE was reported in our previous 
studies,[10,24] but as far as the researchers are aware, there is limited, 
if any, documented information about its nephroprotective effects 
against DN. Thus, the current study was designed to explore 
the antidiabetic and nephroprotective effects of aqueous SNE in 
streptozotocin (STZ)‑induced diabetic rats.

MATERIALS AND METHODS
Drugs
The drugs used in this study were STZ, purchased from Sigma‑Aldrich 
(St. Louis, MO, USA) which was dissolved in normal saline immediately 
before use as well as insulin  (regular) and insulin isophane  (NPH), 
100 units/ml, which were provided from Exir Pharmaceutical Co.

Experimental protocol
Male Wistar rats  (weighting 180–220  g) were kept at a constant 
temperature of 23°C–25°C and 12 h light/12 h dark cycle and free access 
to water and rat chow. The research was conducted in accordance with 
the internationally accepted principles for laboratory animal use and 
care as found in the European Commission Directive 86/609/EEC for 
animal experiments. The animals were assigned into nine experimental 
groups  (10 rats in each group) to undergo two experiment protocols. 
Initially, five groups were probated based on the first protocol which was 
investigating DN for 8 weeks after diabetes induction, in the exact order 
listed below:
Group 1: D2: diabetic rats, Group 2: D2+I: insulin‑treated diabetic 
rats, Group  3: nondiabetic control  (NDC)+SNE2: nondiabetic 
control rats treated with SNE, Group 4: D2+SNE: diabetic rats treated 
with SNE, Group  5: NDC: nondiabetic control rats. Furthermore, 
there were four groups in the second protocol to examine DN 
for 16  weeks after diabetes induction which are Group  6: D4: 
diabetic rats, Group  7: D4+SNE: diabetic rats treated with SNE, 
Group 8: NDC+SNE4: NDC rats treated with SNE, Group 9: D4+I: 
insulin‑treated diabetic rats.
At first, body weight (BW) and fed blood glucose (FBG) of all animals were 
measured, and then, diabetes was induced with a single (IP) injection of 
60 mg/kg STZ, in both protocols. Ten days after STZ administration, FBG 
level was determined through a tail vein using glucometer  (Ascensia 
Elite XL) and blood glucose test strips  (AscensiaElit). Afterward, the 
rats with FBG above 250  mg/dl were considered diabetic and were 

selected for the next steps of the experiment. FBG concentration and 
BW of all rats were recorded throughout the period on a weekly basis. 
Furthermore, nondiabetic and diabetic rats treated with SNE received 
1 g/L of SNE added into the drinking water from 10th day onward.[10,24] 
As regards insulin‑treated diabetic rats, they were injected with 2.5 U/kg 
insulin (a mixture solution from 1/2 ml regular and 1/2 ml NPH) in a 
determined time of morning, and then, the other injection was done 
using the same dosage twice a day, starting in the morning with a 12‑h 
interval.[10,24]

Finally, in the end of the study period  (late  ‑  16th  and 8th  week), all 
animals were decapitated following anesthesia with the mixture 
of ketamine HCL  (50  mg/kg i.p) and xylazine  (10  mg/kg, i.p), and 
then, a blood sample was taken from the neck vascular trunk. Both 
kidneys were removed and weighted. The kidney weight  (KW) was 
normalized to the BW and reported as tissue weight (g)/100 g of BW. 
The left kidney was used for biochemical measurements. Besides, 
the right kidney was fixed in 10% formalin solution for pathological 
assessment. Furthermore, urine sample which remained in the bladder 
was collected to measure volume, glucose, and protein (Combi‑screen 
10SL urine test).

Biochemical assay
Blood urea nitrogen (BUN), plasma creatinine (Cr), and magnesium (Mg) 
levels were determined using quantitative kits  (Pars Azmoon, Iran). 
Plasma and kidney nitrite levels  (stable, with nitric oxide  [NO] 
metabolite) were measured using a colorimetric assay kit  (Promega 
Corporation, USA) and Microplate Absorbance Reader (anthos 2020). 
Malondialdehyde (MDA) levels of the plasma and homogenized kidney 
supernatant were quantified according to the thiobarbituric acid (TBA) 
method.[25]

Intraperitoneal glucose tolerance test
For doing intraperitoneal glucose tolerance test, animals in the NDC, 
D4, D4+I, D4+SNE, and NDC+SNE4 groups were fasted overnight 
for15 h, and then, they were given 1.5 g/kg bodyweight glucose, through 
IP injection. Blood was drawn from the tail vein at 0, 10, 20, 30, 60, 90, 
and 120 min after glucose administration.[10,26]

Histopathological procedures
Paraffin‑embedded tissues were used for histopathological staining. The 
hematoxylin and eosin stain were applied to examine the tissue injury. 
To consider the kidney damage, the presence of tubular atrophy, fibrosis, 
connective tissue changes, inflammation, degeneration of tubular 
epithelial, congestion, and glomerular damage was evaluated. Based on 
the damage intensity, the samples were scored from 1 to 4 while score 
zero was assigned to normal tissue.

Preparation of Solanum nigrum extract
The S. nigrum is abundantly found in open grasslands of Southern Iran, 
and in this study, the specimens were taken from an area around the 
city of Bandar Abbas. Following identification by a Shahid Beheshti 
University of Medical Sciences taxonomist, 1 kg of S. nigrum fruit, 
dried for 2 weeks under shade at room temperature (26°C ± 1°C), was 
ground into powder. Deionized water was added to the powder to get the 
fruit extract through boiling and continuously stirring the suspension 
for 15 min. Postfilteration (filter paper by Whatman No. 1) yield of the 
extract was 21% for the sample dried at 80°C until constant weight was 
achieved. Before use, the concentrated extract and fraction as stock were 
frozen  (−20°C) in a desiccant. For every gram of S. nigrum fruit, the 
extract dry matter weighed 75.7 mg.
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Gas chromatography/mass spectrometer analysis
A mass spectrometer  (MS) connected to a gas chromatography  (GC) 
system  (GC/MSD7890A, 7000 Triple Quad series Agilent), equipped 
with a HP‑5MS capillary column  (30  mm  ×  0.25  mm; film thickness 
of 0.25 μm) was utilized to analyze the aqueous extract. The carrier gas 
used was helium at a flow rate of 1 ml/min. The temperature of the GC 
oven was set to increase from 50°C to 260°C at a rate of 10°/min and then 
was kept at 260°C for 26 min. Following MS at 1 scan s‑1 with ionizing 
voltage of 70 V and ion source temperature of 280°C, the separated 
compounds were compared for retention times with authentic standards 
injected under the same chromatographic conditions. This comparison 
of the retention indices and mass spectra of the unknown peaks with the 
MS library helped identify the compounds.

Statistical analysis
Data are presented as mean ± standard error of mean; differences among 
groups were compared with Mann–Whitney or Kruskal–Wallis, one‑ and 
two‑way ANOVA with the Turkey post hoc test. Values of P < 0.05 were 
considered statistically significant.

RESULTS
Identification of compounds in the extract
•	 RT‑1
•	 RT‑2
•	 RT‑3

•	 RT‑4	hydroxylamine,	O‑(‑2‑methylpropyl)‑
•	 RT‑5 1,	6: 3,4‑dianhydro‑2‑deoxy‑b‑d‑ribo‑hexopyranose
•	 RT‑6 13‑docosenamide, (z)‑
•	 RT‑7 1,2‑benzenedicarboxylic	acid,	diisooctyl	ester.

Changes in blood glucose level
Administration of SNE and insulin for 16 weeks (from day 10 onward) 
significantly decreased blood glucose level in diabetic groups [Figure 1a].

Effect of extract of Solanum nigrum Linn fruit on 
intraperitoneal glucose tolerance test
Sixteen weeks after administration of SNE, insulin and STZ the D4 group 
displayed severe intolerance with high area under the curve  (AUC), 
which was significantly improved in the D4+SNE and D4+I groups to a 
degree that was judged effective [Figure 1b and c].

Changes in plasma creatinine and blood urea 
nitrogen levels
For 4 months, diabetes induction could significantly increase plasma Cr 
and BUN levels (P < 0.05). Plasma Cr level had no marked change within 
2 months although plasma level of BUN showed a substantial rise during 
2 months after diabetes induction.
Plasma Cr level improved considerably in D4+SNE group as compared 
to D4 group (P < 0.05). Meanwhile, there was no difference in plasma 

Figure 1: Comparison of weekly‑fed blood glucose (a) and intraperitoneal glucose tolerance  Test (IPGTT) (b and c). #P < 0.01 Significant difference 
between NDC group and the other groups. *P < 0.01 Significant difference between D4 group and the other groups, & P < 0.05 D4+I vs. the other 
groups, ©P < 0.05D4+SNE vs. the other groups
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Cr level between D4+I and D4 groups, whereas it had a marked increase 
compared with NDC group  (P  <  0.05). Furthermore, plasma Cr level 
had no significant difference between NDC, D2, D2+I, D2+SNE, and 
ND+SNE2 groups. Plasma BUN level decreased similarly in D2+I 
and D2+SNE groups versus D2, D4, D4+I, and D4+SNE groups 
(P < 0.05) [Figure 2a and b].

Changes in weight and histopathology score of 
kidney tissue
The enlarged KW was detected in D2 group when compared 
with other groups  (P  <  0.05). Furthermore, KW of D4 and D2+I 
groups was markedly higher than NDC, D2+SNE, ND+SNE2, 
D4+I, D4+SNE, and ND+SNE4 groups  (P  <  0.05). In addition, 
in D4+I group, KW was lower than D2+SNE, ND+SNE2, and 
ND+SNE4 (P < 0.05) [Figure 2c].
The kidney injury of NDC and D4+I groups was significantly 
lower than the other groups  (P  <  0.05). In addition, there was 
no significant difference between D2, D4, D2+I, D2+SNE, and 
D4+SNE [Figures 2d and 3].

Changes in nitrite and malondialdehyde levels of 
plasma and kidney
The plasma nitrite levels increased significantly in the D2 group 
when compared with the NDC group, while the plasma nitrite level 
in D4 group was markedly decreased compared to D2 group. The 
plasma nitrite level of D4+I group dramatically rises in comparison 
with the other groups during the 16 weeks (P < 0.05). Administration 

Figure 3: The images of kidney tissues (Magnification x100) in all groups

of SNE during 16 weeks had no significant effect on the plasma nitrite 
level  [Figure  4a]. The kidney nitrite levels in D2+SNE group were 

Figure 2: (a) Plasma levels of Cr and (b) BUN, (c) kidney tissue damage score, (d) KW (kidney weight). *P < 0.05 D4 group vs. other groups, #P < 0.05 NDC 
group vs. the other groups, & P < 0.05 D4+I vs. the other groups, †P<0.05 D2 group vs. the other groups, ©P < 0.05 D4+SNE vs. the other groups, ω P < 0.05  
D2+I vs. the other groups
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significantly higher than the other groups (P < 0.05). This factor was 
approximately the same in the 16‑week period in all groups and the 
kidney nitrite levels in these groups did not change compared to NDC 
group [Figure 4b].
The plasma and kidney MDA levels of D2 group were markedly higher 
than NDC and D4 groups (P < 0.05). Furthermore, the plasma MDA 
level in D4 group significantly increased in comparison with NDC 
group, but there was not a significant change in the kidney MDA 
level of D4 compared to NDC group  [Figure  4c and d]. The plasma 
MDA concentration in D2+I group did not substantially change 

compared with D2 group. Moreover, that was markedly higher than 
the plasma MDA level of NDC group (P < 0.05) [Figure 4c]. In kidney 
tissue, the MDA level of D2+I and D2+SNE groups had no significant 
difference when compared to D2 group  (P  <  0.05). Furthermore, 
the amount of MDA of D2+I, D2+SNE, and ND+SNE2 groups were 
significantly more than the MDA level of NDC group (P < 0.05). The 
MDA level of NDC, D4, D4+I, D4+SNE, and NDC+SNE4 groups was 
approximately the same although extract consumption of S. nigrum 
could significantly decrease the MDA level in NDC+SNE4 group 
compare to NDC+SNE2 [Figure 4d].

Figure 4: (a) Plasma levels of Nitrite, (b) kidney levels of Nitrite, (c) plasma MDA level, (d) kidney MDA level and (e) plasma Mg level. *P < 0.05 D4 group vs. 
other groups, #P < 0.05 NDC group vs. other groups, †P < 0.05 D2 group vs. other groups, & P < 0.05 D4+I group vs. other groups, ω P < 0.05 D2+I group vs. VS 
the other groups, +P < 0.05 D2+SNE vs. other groups, ζP < 0.05 NDC+SNE2 vs. other groups
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Changes in plasma level of magnesium
The plasma Mg concentration significantly rose in D4 group (P < 0.05), 
but there were no significant differences in plasma Mg level in D2, 
D2+I, NDC+SNE2, D4+SNE, and NDC+SNE4 groups compared 
with NDC group. Eight weeks after SNE treatment, plasma Mg level 
substantially increased in D2+SNE group as compared with NDC and 
D2 groups  (P  <  0.05). Plasma Mg level in D4+SNE and D4+I groups 
decreased in comparison with D4 group. In addition, Mg level in D4+I 
group was significantly higher than NDC group [Figure 4e].

Changes in glucose, protein concentrations, and 
urine volume
In D2 and D4 groups, the urine volume showed a sharp rise compared 
with NDC group (P < 0.05). Insulin administration in D4+I and D2+I 
diminished the amount of urine. Furthermore, urine volume was 
markedly decreased by SNE in D2+SNE and D4+SNE compared to D2 
and D4 groups (P < 0.05) [Figure 5a].
Diabetes dramatically rose the urine glucose concentration in D2 
and D4 groups  (P  <  0.05). Urine glucose concentration in D2+I, 
D2+SNE, NDC+SNE2, D4+I, D4+SNE, and NDC+SNE4 groups was 
considerably less than D2 and D4 groups (P < 0.05). Moreover, there 
was no difference between these groups and NDC group [Figure 5b].
Diabetes could markedly increase urine protein degree in D4 (P < 0.05). 
D4+I group had the highest concentration of urine protein when 

compared with the other groups throughout the 16 weeks. There was no 
significant difference in urine protein level between NDC, D4+SNE, and 
NDC+SNE4 groups. Furthermore, this factor had no difference between 
D4 and D4+SNE groups [Figure 5c].

DISCUSSION
The present study evaluated therapeutic effects of aqueous SNE as an 
antioxidant and nephroprotective substance against DN. Treatment with 
insulin and SNE for 8 and 16 weeks could decrease FBG in diabetic rats. 
In addition, SNE was more effective than insulin in controlling blood 
glucose, according to AUC result. These data are in agreement with our 
previous studies.[10,24]

In the present study, nephropathy induction is successfully confirmed in 
uncontrolled diabetic rats form 8th week according to literature.[27‑42] Kidney 
tissue damages such as lymphocytic infiltration, capillary congestion, 
degeneration of some tubular epithelial cells, slight connective tissue 
formation, mild fibrosis, and severe tubular atrophy were seen. Plasma Cr 
concentration had a significant increase 16 weeks after diabetes induction, 
but plasma BUN level showed a marked rise from 8th week.
Moreover, elevation of BUN can reflect decreasing in glomerular 
filtration rate (GFR)[29,32] from 8th week after diabetes induction. In fact, 
both BUN and Cr levels are hallmark of DN,[35] but BUN is a more 
sensitive marker for kidney injury.[34] In the present study, KW/BW 
ratio of uncontrolled diabetic rats, an indicator of glomerular expansion 
due to diabetes,[43,44] increased markedly compared to NDC group, 

Figure 5: Urine volume (a), urine glucose concentration (b) and urine protein degree (c) in NDC Group (non‑ diabetic control rats), D2 (Diabetic rats for 8 
weeks), D2+I Group (Insulin ‑ treated diabetic rats for 8 weeks), NDC+SNE2 (S. nigrum extract – treated non‑diabetic rats for 8 weeks, D2+SNE (S. nigrum ex‑
tract–treated diabetic rats for 8 weeks), D4 (diabetic rats for 16 weeks), D4+SNE (S. nigrum extract–treated diabetic rats for 16 weeks), NDC+SNE4 (S. nigrum 
extract–treated non‑diabetic rats for 16 weeks), and D4+I (Insulin treated diabetic rats for 16 weeks). *P < 0.05 D4 group vs. other groups, #P < 0.05 NDC group 
vs. other groups, & P < 0.05 D4+I vs. other groups, †P < 0.05 D2 vs. other groups

c
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but this figure decreased in D4 group in comparison with D2 group. 
Renal hypertrophy in type 1 diabetes was reported,[45] and Avram and 
Hurtado showed a negative correlation between kidney size and serum 
Cr level during uncontrolled diabetes.[46] In fact, in the initial stages 
of DN, renal hypertrophy occurs and it can persist for years despite 
glucose control. However, the kidneys become smaller with advanced 
renal insufficiency.[47‑49]

In our study, treatment of DN by insulin and SNE could decrease 
weight of enlarged kidneys throughout the period of study, but SNE 
was more successful than insulin in 8  weeks. Kidney tissue damage 
score decreased by SNE and insulin administration in D2 and D4 
groups. Insulin and SNE administration could decrease plasma BUN 
level after 2 months. Furthermore, SNE diminished Cr level, whereas 
insulin did not change it. Both SNE and insulin could improve urine 
volume and urine glucose concentration. In addition, urine protein 
became less by SNE, but insulin treatment increased it significantly. 
Our previous results showed that aqueous fruit extract of S. nigrum 
could improve plasma lipid profiles. In addition, we showed that 
the administration of SNE could decrease the alteration in vascular 
reactivity to vasoconstrictor agents and also could decrease vessel 
atherosclerosis[10] as cardiovascular complications of diabetes.[50] 
Moreover, researchers have shown antioxidant and antihyperlipidemic 
activity of S. nigrum fruit extract by decreasing the level of TBA, 
increasing Vitamin E, C, and reduced glutathione in kidney tissue, 
and altering the lipid profiles to near‑normal including decreasing free 
fatty acid and improved kidney phospholipids. Furthermore, S. nigrum 
fruit diminished levels of urea, uric acid, and Cr in kidney against 
ethanol‑induced toxicity.[11,15]

In various studies, the relationship between oxidative stress and DN 
has been demonstrated.[27,34,37,51‑53] Furthermore, they have shown 
high MDA  (as a marker of lipid peroxidation) and low antioxidant 
enzyme levels in renal homogenates of diabetic rats and in mesangial 
cells.[27,32,34,35,37,51‑53] On the other hand, abnormalities of vasodilatation 
and generates reactive oxygen species mediated by endothelial cell is 
recognized in DN.[28,42] In our study, nitrite and MDA levels elevated 
both in serum and kidney tissues in D2 animals which are in 
agreement with previous studies,[27,32,34,35,37,51‑53] but they decreased 
after 4  months due to increasing plasma Mg level and content 
limitation of L‑arginine, a precursor of NO.[54] As a result, reduction 
of the nitrite production causes a drop in the amount of peroxynitrite. 
Thus, MDA concentration in the end of 4 months is lower than before. 
Continuation of diabetes for 4 months has increased serum Mg level 
in our study that can be as a result of sharp decline of GFR. Nitrite and 
MDA levels of kidney decreased significantly in D4+I and D4+SNE 
compared to D2+I and D2+SNE groups. Moreover, SNE and insulin 
administration in D4+SNE and D4+I groups could decrease plasma 
Mg level. Finally, the results indicate that aqueous fruit extract of S. 
nigrum was better than insulin in improving STZ‑induced kidney 
damage and our results support the hypothesis that SNE could play a 
role in prevention of DN.
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