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ABSTRACT 
    Urtica dioica L. is widely used as an anti‑inflammatory, antioxidant, 

antimicrobial, hypocholesterolemic, antiulcer, anti‑colitis, anticancer, hypotensive, 

immunomodulatory, and hepatoprotective agent. In the present study, the 

antidiabetic and nephroprotective potentials of U. dioica ethanolic extract was 

investigated against streptozotocin (STZ) induced diabetic mice. Male mice were 

divided into six groups: normal control, untreated diabetic, diabetic mice receiving 

30, 90 and 270 mg/kg of plant extract (groups UD30, UD90 and UD270, 

respectively) or 30 mg/kg glibenclamide. At 20th day, the mice killed, dissected, 

then blood and kidney samples were collected for histological and biochemical 

parameters analysis. The data was analyzed by one way variance analysis and 

Duncan’s test using SPSS 21. Different doses of U. dioica (especially UD270) 

could significantly (p≤0.05) reduce the raised levels of blood glucose, urea, 

creatinine and volumes and lengths of the proximal and distal convoluted tubules, 

collecting ducts, vessels and loop of Henle and increase the weight of body and 

levels of superoxide dismutase (SOD) and catalase (CAT) when compared to the 

untreated group. The results of the present study showed that under the present 

experimental conditions, ethanolic extract of U. dioica indicated antidiabetic and 

nephroprotective abilities against STZ induced kidney damage in mice. 
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     INTRODUCTION 

Diabetes mellitus as a metabolic disorder, is the most 

important reason for renal failure and legal blindness and 

one of the major risk factors of cardiovascular diseases. In-

crease in sedentary lifestyle, consumption of energy-rich 

diets, and obesity are some of the factors resulting in the rise 

in the number of diabetics [1]. Diabetes patients are five 

times more likely to develop severe chronic leg ischemia 

leading to foot ulceration and often amputation than non-

diabetic patients [2]. 

Kidney is one of the organs that are affected in diabetes 

[3]. However, the exact pathogenesis of poor nephropathy in 

diabetic patients is not clearly understood; the decrease of 

proximal and distal cell capacity and also the oxidative and 

inflammatory changes are the main causes [3]. Renal hyper-

trophy is a known complication which occur in the initial 

stages of diabetes mellitus [4]. Some studies have revealed 
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that in early diabetes, renal hypertrophy could be reversed by 

medical treatment [5, 6].  

Diabetes-inducing chemicals such as streptozotocin 

(STZ) cause diabetic kidney disease [7]. STZ is the com-

pound that is used as a diabetogenic agent in diabetes-related 

experiments [7, 8]. It is efficiently taken up by β-cells via the 

glucose transporter Glut2, causing diabetes by β-cell demoli-

tion [9, 10]. In addition to β-cells, other tissues such as the 

kidney are also delicate to STZ toxicity [11, 12] making it 

arduous to identify between diabetic nephropathy-related 

events and direct effects of STZ in these organs [13-15].  

Findings from the screening of various ethno medicinal 

plants describe their antioxidant effects and reveal that they 

could protect kidney against STZ-induced oxidative stress 

by changing the levels of antioxidant enzymes [16-19]. 

Some medicinal plants have high content of antioxidant 

compounds such as triterpenes, tannins, saponinsand, naph-

thaquinone, flavonoids, and alkaloids, so they can decrease 

the rate of nephrontoxicity [20, 21]. Urtica dioica L grows 

widely in the western parts of the Iran. It is widely distribut-

ed throughout the temperate and tropical areas around the 

world [22]. In Iranian traditional medicine, the leaves and 

roots of the plant are used internally as emmenagogue, diu-

retic, blood purifier and for treatment of menorrhagia, haem-

orrhage, haematuria, anaemia, diarrhea, jaundice, nephritis, 

rheumatism and eczema [22-24]. U. dioica elaborates several 

classes of organic compounds of medicinal importance in-

cluding vitamins, proteins, amino acids, fatty acids, chloro-

phylls, sterols, carotenoids, saponins, tannins, phytosterols 

and flavanoids [25-27]. The plant has been reported to have 

various pharmacological activities [26, 28] such as anti-

rheumatoid arthritis [29], cardiovascular [30], hepatoprotec-

tive [31], natriuretic, hypotensive [32], antiandrogenic [33], 

immunomodulatory [34], anticancer [35], analgesic [36], 

antiulcer [37], anti‑colitis, hypocholesterolemic [30], insecti-

cide [38], antibacterial, antiviral [25], antimicrobial, antifun-

gal [36, 39, 40], antioxidant and anti‑inflammatory [40] ef-

fects. 

In the present study, we investigated the ameliorative ef-

fect of the ethanolic extract of U. dioica by studying the mi-

croscopic structural changes in mice kidney after strepto-

zotocin (STZ)-induced nephrotoxicity using modern design-

based stereological methods. The stereological variables are 

the volumes of the renal cortex, medulla, connective tissues, 

proximal and distal convoluted tubules, vessels, collecting 

ducts, Henle’s loop and lengths of the five last-mentioned 

tubular structures. Renal functions were also investigated by 

examining serum (urea and creatinine) and tissue (superox-

ide dismutase (SOD) and catalase (CAT)) biomarkers. 

 

MATERIALS AND METHODS 

Animals  

Sixty male Balb/c mice weighing between 38-40 g were 

housed in an air-conditioned room (22±2 °C) and had free 

access to the standard pellet diet and water ad libitum condi-

tions during the study. Animal studies were approved by the 

Local Research Ethics Committee of Razi University, Ker-

manshah, Iran with the ethical code of 397-3-002. 

 

Plant extraction 

U. dioica was collected in July 2017 from Kermanshah 

province (in west of Iran). The leaves of the plant were 

shade dried for one week. The dried aerial leaves of the plant 

were grinded, and about 200 g of the obtained powder was 

extracted with 2000 mL ethanol for 2 h at 40°C by continu-

ous shaking. The extract was left for 24 h at room tempera-

ture; it was then filtered through Whatman paper no. 2. In 

rotary evaporator (Panchun Scientific Co., Kaohsiung, Tai-

wan), the extract was concentrated and lyophilized afterward 

[16].  

 

Experimental design 

Diabetes was experimentally induced by intraperitoneal 

injection of STZ (60 mg/kg) in 50 mice. Fasting blood glu-

cose levels were assessed everyday by glucometer strips.  

After three days, the mice with plasma glucose level > 250 

mg/dL were considered diabetic.  The mice were divided 

into six following groups (n=10): I.  Control group (C); II. 

Untreated-diabetic group; III. Treated group with 30 mg/kg 

glibenclamide (G30); IV. Treated group with 30 mg/kg of 

the ethanolic extract of U. dioica (UD30); V. Treated group 

with 90 mg/kg of the ethanolic extract of U. dioica (UD90); 

VI. Treated group with 270 mg/kg of the ethanolic extract of 

U. dioica (UD270). Blood samples were obtained in 0, 4, 7, 

10, 13, 16, 20 days from tail vein to assess the blood glucose 

level by Easy Gluco glucometer (Ames, Korea). Twenty 

three days after diabetes induction and at the end of the 20th 

day of the treatment, the animals of all groups were eu-

thanized by ketamine HCl (40 mg/kg). Immediately, blood 

samples were drawn from mice heart and inserted in serum 

tubes for determination of urea and creatinine [16].  

Also, the capacity of antioxidant enzymes was assessed 

by determining the activity of SOD and CAT in the whole 

kidney of each group (n=5) using the procedures reported by 

Abei (1974) and Martin et al (1987) [41, 42].  

 

Histological study 

Volume density: After dissection, the left kidney was 

weighed then fixed in 10% neutral buffered formalin solu-

tion for one week. Immersion method was used to evaluate 

the kidney primary volume. For assessment of kidney final 

volume, the amount of tissue shrinkage must be determined 

[43,44]. The sections of organ were prepared using the orien-

tator method. Totally, 7-10 slab were obtained from kidney. 

A circular piece was sampled from a kidney slab and the 

area of this piece was calculated. The slabs and circular 

piece were processed, sectioned (5 µm thicknesses) and 

stained by Periodic Acid Schiff (PAS) method. The area of 

the circular piece was calculated again and tissue shrinkage 

was measured [45]:  

Volume shrinkage=1-(AA/AB)1.5 

AA and AB: The area of the circular piece after and be-

fore tissue processing.  

The total volume of the organ was then estimated using: 
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Vfinal = Vprimary × (1 – Volume shrinkage) 

Tissue sections were examined using a video microscopy 

system. The fractional volume of the renal structures was 

measured using a point probe (with an area of 100 cm2 and 

containing 25 points) and following formula:  

Vv=Pstructure/Preference 

     Pstructure= sum of points hitting to the interested struc-

tures 

 Preference= sum of points hitting to the reference space 

Length density 

The length density of the tubules and vessels was evalu-

ated using an unbiased counting probe (740×740µm). The 

length density was estimated as [45]: 

Lv=2×∑Q/a(frame) ×∑frame 

∑Q = sum of the tubules counted, a (frame) = probe area, 

547600µm2, ∑frame = total number of the counted frames. 
Statistical analysis 

All data were analyzed by Duncan’s test of one-way var-

iance analysis (ANOVA), using the SPSS 18 software pack-

age. Data were considered statistically significant at p≤0.05. 

 

RESULTS 

Effect of U. dioica ethanolic extract on the weight of 

body  

In this study, body weight reduced significantly (p≤0.05) 

in untreated mice compared to the control ones (Fig. 1). 

Administration of U. dioica ethanolic extract at all doses and 

glibenclamide could significantly (p≤0.05) enhance body 

weight in comparison with the untreated group. There isn’t 

difference significant among UD90, UD270 and 

glibenclamide groups. 

 

Effect of U. dioica ethanolic extract on the concentra-

tion of fasting blood glucose  

The blood glucose concentration enhanced significantly 

(p≤0.05) in untreated-diabetic mice in a time-dependent 

manner. But, treatment of STZ-diabetic mice with the U. 

dioica ethanolic extract at 90 and 270 doses could signifi-

cantly (p≤0.05) decrease the blood glucose concentration 

similar to the glibenclamide treated at the end of the experi-

ment. The U. dioica has the most effect on days 20 of the 

experiment (Fig. 2).  

 

Effect of U. dioica ethanolic extract on the levels of his-

tological parameters  

The results indicated that the weight and volume of kid-

ney and the volumes of cortical and medullary increased 

(p≤0.05) in the untreated mice when compared to the control 

ones. Administration of U. dioica ethanolic extract and 

glibenclamide could significantly (p≤0.05) reduce the above 

parameters when compared to the untreated group (Fig. 3,4). 

There isn’t difference significant among UD90, UD270 and 

glibenclamide groups. 

The volumes of proximal convoluted tubule, distal con-

voluted tubule, collecting duct, loop of Henle, vessels and 

interstitial tissue enhanced significantly (p≤0.05) in untreat-

ed mice compared to the control ones (Fig. 5). Administra-

tion of U. dioica ethanolic extract at all doses and 

glibenclamide to the mice could significantly (p≤0.05) re-

duce the volumes of the above structures in comparison with 

the untreated group. U. dioica at all doses and glibenclamide 

significantly (p≤0.05) decreased the volumes of distal con-

voluted tubule, loop of Henle and vessels similar to the con-

trol group. Also there isn’t significant difference (p≤0.05) 

among UD270 and control groups in the volumes of collect-

ing duct and interstitial tissue. 

The data of the mean absolute lengths of kidney subcom-

ponents in treated and untreated groups are showed in Fig. 6. 

Lengths of the proximal convoluted tubule, distal convoluted 

tubule, collecting duct, loop of Henle and vessels increased 

significantly (p≤0.05) in untreated mice compared to the 

control ones. U. dioica ethanolic extract at all doses and 

glibenclamide could reduce significantly (p≤0.05) the 

lengths of above structures as compared to the untreated 

group. No significant difference (p≤0.05) observed among 

U. dioica at all doses, glibenclamide and control groups in 

the length of distal convoluted tubule. Also there isn’t signif-

icant difference (p≤0.05) among UD270, glibenclamide and 

control groups in the length of loop of Henle. UD270 could 

decrease significantly (p≤0.05) the length of collecting duct 

similar to the control group.  

 

Effect of U. dioica ethanolic extract on the concentra-

tions of kidney biochemical parameters  

 

 
Figure 1. The weight of the body in all of the experimental 

groups. C (Control), U (Untreated diabetic), G (Glibenclamide), 

UD (Urtica dioica).Non-identical letters indicate a significant 

difference between the groups (p≤0.05). 
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The estimated values of the kidney biochemical parame-

ters are presented in Figures 7 and 8. STZ-induced toxicity, 

increased the concentrations of the urea and creatinine and 

decreased the concentrations of the SOD and CAT signifi-

cantly (p≤0.05) as compared to the untreated group. Several 

doses of U. dioica ethanolic extract and glibenclamide could 

significantly (p≤0.05) reduce the above parameters. There 

isn’t significant difference (p≤0.05) among U. dioica at all 

doses, glibenclamide and control groups in the concentration 

of creatinine. UD90, UD270 and glibenclamide could in-

 
Figure 2. The levels of blood glucose on different days in all of the experimental groups. C (Control), U (Untreated diabetic), G 

(Glibenclamide), UD (Urtica dioica). Non-identical letters indicate a significant difference between the groups (p≤0.05). 

 

 
Figure 3. The weight of kidney in all of the experimental groups. C (Control), U (Untreated diabetic), G (Glibenclamide), UD (Urtica 

dioica). Non-identical letters indicate a significant difference between the groups (p≤0.05). 
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crease significantly (p≤0.05) the concentration of CAT simi-

lar to the control group.  

 

DISCUSSION  

Medicinal plants have the immense potential for the 

management and remedy of every disease such as ne-

phrotoxicity [20, 21]. A list of medicinal plants that con-

sumed for their nephroprotective effects including;  

Vernonia cinerea, Aerva lanata, Euphorbia neriifolia, 

Punica granatum L, Orthosiphon stamineus, Carica papaya, 

 
Figure 4. The absolute volumes of the kidney, cortex and medulla in all of the experimental groups. C (Control), U (Untreated diabetic), 

G (Glibenclamide), UD (Urtica dioica). Non-identical letters indicate a significant difference between the groups (p≤0.05). 

 

 
Figure 5. The absolute volumes of proximal and distal convoluted tubules, collecting ducts, interstitial tissues, vessels and loop of Henle 

in all of the experimental groups. C (Control), U (Untreated diabetic), G (Glibenclamide), UD (Urtica dioica). Non-identical letters indi-

cate a significant difference between the groups (p≤0.05). 
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Strychnos potatorum, Tamarindus indica, Crataeva nurvula, 

Tectona grandis, Boerhaavia diffusa, Rubia cardifolia Linn, 

Ficus religiosa L, Acorus calamus, Curcuma longa L and 

Aerva javanica [46]. In this experimental study, the nephro-

protective effect of U. dioica ethanolic extract at several 

doses was determined in STZ-induced diabetes nephrotoxici-

ty in mice model. But, to our knowledge, this is the first time 

U. dioica ethanolic extract with these doses and methods has 

been used from experimentally induced diabetic in mice. 

In the recent study, diabetes was induced in all mice by 

single intraperitoneal injection of STZ. STZ partially annihi-

lates the beta cells of islets of Langerhans, nephron, hepato-

cytes, RBC resulting in inexpressive insulin secretion caus-

ing type 2 diabetes, hepatotoxicity, nephrotoxicity, hemato-

toxicity [11, 13]. The results of serum glucose levels indicat-

ed that UD90 and UD70 in 20 day have significant differ-

ence in comparison with untreated diabetic group. But there 

was no significant difference between the experimental dos-

es of UD90, UD270 and classic antidiabetic drug, 

glibenclamide in this day. The ethanolic extract of plant 250 

 
Figure 6. The absolute lengths of the vessels, collecting ducts, proximal and distal convoluted tubules and loop of Henle. C (Control), U 

(Untreated diabetic), G (Glibenclamide), UD (Urtica dioica). Non-identical letters indicate a significant difference between the groups 

(p≤0.05). 

 
Figure 7. The levels of urea and creatinine in all of the experimental groups. C (Control), U (Untreated diabetic), G (Glibenclamide), 

UD (Urtica dioica). Non-identical letters indicate a significant difference between the groups (p≤0.05). 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
23

-0
5-

23
 ]

 

                               6 / 9

http://ijpt.iums.ac.ir/
http://ijpt.iums.ac.ir/article-1-336-en.html


Stereological and biochemical studies of kidney in diabetic mice treated with ethanolic extract of Urtica dioica L.  7 
 

 

 
Iranian J Pharmacol Ther. 2019 (March);17:1-9.                               This paper is available online at: http://ijpt.iums.ac.ir 

     

mg/kg has reported a significant glucose lowering activity 

against alloxan-induced diabetes in rats [47]. The fructose-

induced insulin resistance in male rats has been revealed to 

reduce serum glucose level on administration of hy-

dro‑alcoholic leaf extract [48]. The cold methanolic extract 

of leaves (250 mg/kg) has also showed remarkable antihy-

perglycemic potential in alloxan-induced diabetes [49]. The 

leaf extract was administered in perfused islets of langerhans 

both in normal and streptozotocin induced diabetic rats 

which demonstrated a remarkable enhancement of insulin 

secretion thereby reducing the blood sugar level [50]. 

Renal inconveniences is evaluated by the elevated histo-

logical examination as well as by serum levels of cytoplas-

mic parameters [51]. The increased serum parameters levels 

such as creatinine and urea and the decreased tissue parame-

ters such as SOD and CAT have been attributed to the blem-

ished structural integrity of the kidney [51]. In our study, we 

observed acute renal damage in toxic group mice following 

STZ administration manifested by: normal shifts in renal 

function tests (by increasing the concentrations of urea and 

creatinine and decreasing the concentrations of SOD and 

CAT) in renal tissue with altered histopathological signs as 

compared to the control mice. But, U. dioica ethanolic ex-

tract at all doses and glibenclamide could significantly 

(p≤0.05) improve above parameters. 

During the short-term study, the administration of U. dio-

ica ethanolic extract ameliorate the renal morphological 

changes at all doses especially 270 mg/kg dose. Untreated 

mice revealed some degree of renal hypertrophy which was 

mainly due to the enlargement of the cortex, medullary and 

its subcomponents. The pathogenesis of kidney hypertrophy 

can be attributed to the overproduction of oxygen-free radi-

cals following administration of toxins such as STZ, which 

is expressed in response to cytokines [11]. These changes 

were ameliorated significantly with U. dioica ethanolic ex-

tract. Agree with this experiment, in a study indicated that 

ethno medicinal plant decreases the volumes and lengths of 

the proximal and distal convoluted tubules, collecting ducts, 

vessels and loop of Henle in STZ-induced hepatotoxicity in 

mice.  

 

CONCLUSION  

It concludes that U. dioica ethanolic extract revealed sig-

nificant antidiabetic and nephroprotective potentials. This 

extract also demonstrated improvement in histological and 

biochemical parameters and so might be of value in the 

treatment of diabetes and nephrotoxicity. 
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