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 Background: Morphine is a member of the naturally occurring phenanthrene alkaloids of opium. Genistein is a 
phytoestrogen, present in soy products. This study was designed to evaluate protective effects of genistein against 

morphine induced damages to the kidneys of mice.  

Methods: In this study, 48 male mice were randomly assigned to 8 groups: control (saline), morphine treated 

group (10 mg/kg/day); genistein groups (1, 2, 4 mg/kg/day) and morphine plus genistein treated group. Drugs were 

administrated intraperitoneally for 30 consequent days. Weight of animals and kidneys, glomeruli characteristics, 

kidney function markers and blood serum nitric oxide level has been studied.  

Result: The results indicated that morphine administration significantly increased Lactate dehydrogenase (LDH), 

Blood urea nitrogen (BUN), creatinine and nitric oxide levels compared to the control ( saline) group (P<0.05). 

Genistein in all doses and genistein plus morphine at the dose of 4 mg/kg significantly decreased LDH, BUN, 

creatinine, glomerular diameter and nitric oxide levels compared to the control and morphine groups (p<0.05).  

Conclusion: It seems that genistein administration improved kidney damages induced by morphine in mice. 
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INTRODUCTION 

Human familiarity with narcotics is not known exactly, but 

human attention has always been drawn to the power of opioid 

analgesic drugs such as opium. Chronic use of opioids causes 

two major problems, endurance and dependency (1). Morphine 

is the main material of opium latex (2). While its indiscriminate 

use has undesirable effects such as respiratory depression and 

destruction, addiction, coma and death (3). Free radicals and 

oxidative stress are increase as a result of using morphine (4). 

Liver and kidney are the main organs for metabolism and 

excretion of toxins through urine and feces (5). Given that, a 

major part of the foreign substances entering the body, 

including drugs, are metabolized by the liver hepatocytes and 

are excreted by the kidney cells. It is possible that during 

metabolism, waste products damage liver and kidney cells (6). 

Opioids reduce kidney function through renal plasma flow 

reduction (7). Nitric oxide (NO) is a pleiotropic signaling 

molecule which is considered a vascular homeostasis regulator 

and blood pressure controller in biological systems (8). 

Increased NO production induces various diseases (9). It has 

been shown that NO production is increased with morphine 

consumption (10). Phytoestrogens are compounds found in 

some edible plants and grains. Genistein phytoestrogen exists 

particularly in soybeans. Although these compounds are not 

steroidal, they act similar to estrogen (11). Today, regarding the 

results of epidemiological studies on the role of soy in 

inhibiting breast cancer (12) and cardiovascular disease and 

controlling blood sugar in diabetics, the food products 

containing soy in different ways have gained a special place in 

the diet of people (13). The positive effects of soy or soy 

components on inflammatory markers and oxidative stress 

have also been proven (14). Use of medicinal plants and herbal 

medicines in different countries is increasing because of the 

effectiveness of these substances demonstrated in the 

scientific community (15,16). Considering the side effects of 

some chemical drugs, more attention is required to be paid to 

the possible effects of medicinal plants on the performance of 

different parts of the body. Regarding the toxic effects of 

morphine and genistein properties, no study has been done to 

evaluate the protective effects of genistein on the morphine-

induced damages in the kidney. This study was designed to 

investigate the protective effects of genistein on morphine-

induced damage in kidneys. 

METHODS 

Animal and Treatment 

Forty eight male mice Bulb/c with a weight range of 27-30 

grams were purchased from Razi Institute. All animals were 

housed in plastic cages and kept in a conditioned atmosphere 
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at 20±2 °C with 12-h light/dark cycles. The mice had 

unrestricted access to food and water. All the mice were 

randomly divided into eight groups (6 mice/group). Group 1 

(Control group) received normal saline solution. Group 2 

(positive control) received 10 mg/kg of morphine in the first 

day, and 2 mg/kg of morphine was added every day to the 

thirtieth day. Groups 3, 4 and 5 received 1, 2 and 4 mg/kg of 

genistein, respectively. Groups 6, 7 and 8 received morphine 

following pretreatment with genistein at doses of 1, 2 and 4 

mg/kg, respectively. All animals received the drugs by 

intraperitoneal injection twice a day for 30 days (16). 

Weight of Animals and Kidneys 

The animals’ weight was measured at the beginning and 

end of the study. Animals were killed and sacrificed. Kidneys 

were removed and weighed on a microbalance sensitive to 
0.001 mg (Precisa 125A, Switzerland) and average weights of 

the kidneys of mice were calculated and recorded (4). 

Glomeruli Characteristics 

Kidneys were removed and fixed in 10% formalin. 

Abstracted kidneys were trimmed transversely into three parts. 

The middle part was then immersed in 70% alcohol, followed 

by immersions in a series of alcohol solutions with ascending 

concentrations. After a dehydration process, the tissue 

samples were then processed further before being sectioned 

(5m thick) using microtome (EC350-2). Hematoxylin and eosin 

(H&E) staining technique would stain the nucleus purple and 

the cytoplasm pink. The steps of H&E staining technique 

included deparaffinization, hydration, hematoxylin and eosin 

staining, dehydration and clearing. Proximal and distal tubule 

diameter, diameter and number of glomeruli and kidney 

weights were examined under Olympus/3H light microscope 

(4). 

Kidney Function Markers 

The blood taken from the heart was incubated for 15 

minutes at 37°C and was centrifuged for 15 minutes at 3000 

rpm to obtain the serum. The serum samples were stored in a 

freezer (–20°C) Lactate dehydrogenase and Blood Urea 

Nitrogen creatinine levels were determined by ELISA (Abcam 

108666, USA) method using a specific kit (PARS -AZMON 

Company, IRAN) (17). 

Nitric Oxide 

Griess reaction was used from zinc sulfate powder to 

remove the serum protein of samples. For this purpose, 6 mg of 

zinc sulfate powder was mixed with 400 μl of serum samples in 

micro tubes, and microtubes were then vortexed for one 

minute. After mixing, samples were centrifuged for 10 minutes 

at 12,000 revolutions per minute (rpm) at 4 °C, and upper 

solution (supernatant) was used to measure NO (NOx). Briefly, 

50 μl of sample was added to 100 μl of Griess reagent (Sigma, 

Germany), and the reaction mixture was incubated for about 30 

min at room temperature to protect it from light. The optical 

density was measured at 450 nm in a microplate reader 

according to the reagent manufacturer’s protocol (18). 

Statistical Analysis 

Quantitative data were expressed as mean ± SD. 

Differences between groups were determined by one-way 

ANOVA followed by Tukey test. P <0.05 was considered to 

denote statistical significance. 

RESULTS 

Kidney and Body Weight Evaluation 

The kidney and mice weights were significantly decreased 

in the morphine group compared to the control group (p<0.05). 

Further, genistein caused a significant increase in the weights 

in all treated groups in comparison with morphine group 

administration (p<0.05). In the morphine plus genistein group, 

a significant increase in kidney and mice weights were 

observed at the dose of 4 mg/kg in comparison to the morphine 

group (p<0.05) (Figure 1). 

Measurement of Nitric Oxide Level 

Serum NO level evaluation showed a significant increase in 

the group receiving morphine compared to the control group 

(p<0.05). Also, the mean of nitric oxide in blood serum 

decreased significantly in genistein (in all doses) and genistein 

 

Figure 1. Mean kidney (A) and Mice (B) weight in mice receiving morphine and genistein 

*P < .05 compared with the saline group. 

**P < .05 compared with the morphine group in all doses.  

***P < .05 compared with the morphine group at the dose of 4 mg/kg. 
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plus morphine group (at the dose of 4 mg/kg) compared to 

morphine group (p<0.05) (Figure 2). 

Measurement of Glomeruli Characteristics 

The results of mean diameter and number of glomeruli 

evaluation showed a significant decreased in the morphine 

group compared to the control (saline) group (p<0.05). 

Furthermore, in the genistein (in all doses) and genistein plus 

morphine (at dose of 4 mg/kg) groups, a significant increase 

was observed in the mean diameter of glomeruli and number 

of glomeruli compared to the morphine group (p<0.05) (Figure 

3). 

Measurement of Kidney Function Markers 

The mean of BUN, LDH and creatinine levels were found to 

be significantly higher in the morphine group than in control 

(saline) group (p<0.05). Also, the mean of BUN, LDH and 

creatinine in blood serum decreased significantly in genistein 

(in all doses) and genistein plus morphine (at dose of 4 mg/kg) 

compared to morphine group (p<0.05) (Figure 4). 

Kidney Histological Features 

Kidney tissue images showed glomeruli and Bowman’s 

capsule in a specified range and health in the genistein, 

genistein plus morphine (at dose of 4 mg/kg) and saline groups. 

More distributed leucocytes, decrease the diameter of 

glomeruli, shrinking glomerulus and enlargement of kidney 

veins were observed in the morphine group (Figure 5). 

 

Figure 2. Nitric oxide level in mice receiving morphine and genistein 

*P < .05 compared with the saline group. 

**P < .05 compared with the morphine group in all doses. 

***P < .05 compared with the morphine at the dose of 4 mg/kg. 

 

Figure 3. Glomeruli characteristics (glomerular diameter [A] and number of glomeruli [B]) in mice receiving morphine and 

genistein 

*P < .05 compared with the saline group. 

**P < .05 compared with the morphine group in all doses. 
***P < .05 compared with the morphine group at the dose of 4 mg/kg. 
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Figure 4. Kidney function markers in mice receiving morphine and genistein 

*P < .05 compared with the saline group. 
**P < .05 compared with the morphine group in all doses. 

***P < .05 compared with the morphine group at the dose of 4 mg/kg. 
 

 

Figure 5. Histological changes of the kidneys (hematoxylin-eosin, × 100) 

A, Normal kidney structure in the control (saline) group. B, Normal kidney structure in the group treated with genistein, 4 mg/kg. C, More distributed 

leucocytes (black arrow), decrease the diameter of glomeruli (blue arrow), and enlargement of kidney veins (yellow arrow) in the morphine group. 

D, Normal kidney structure in the group treated with morphine plus genistein, 4 mg/kg. 
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DISCUSSION 

The nicotine content of cigarettes has important biological 

impacts with a key role in the pathogenesis of kidney diseases 

(5). Genistein is an isoflavone and a phytoestrogen with 

different pharmacological effects (11). This study showed that 

morphine decreased the mice kidney and body weight while 

genistein increased them by applying protective effects. The 

studies of Lei et al., showed that morphine decreased kidney 

weight by damaging the kidneys and causing disorder in the 

body’s metabolism (19). The effects of phytoestrogen 

compounds of the soy studied in animal models and human 

populations and their positive effects on the lipid profile 

improvement, including cholesterol have been reported (20). It 

has been shown that morphine reduces feeding, physical 

activity and digestive system function in animals (21). High 

doses of genistein stimulate the production of fat and cause an 

increase in the body weight (22). Genistein increases the weight 

and prevents weight loss in mice treated with methotrexate 

(23). In this study, morphine increased serum NO level, and 

genistein had no significant impact on the treated groups. This 

change in NOS occurs as a result of subsequent chronic 

administration of morphine mediated by opioid receptors, 

which is in agreement with the results of present study (10). 

Genistein inhibits tyrosine kinase which stimulates NO activity 

(25). In contrast with the results of our study, the studies of 

Santell et al. showed that administration of 20 mg/kg genistein 

increased nitric oxide production (24). This contradiction may 

be due to the use of high doses of genistein in Santell’s study 

and low doses in this experiment. Evolution of glomeruli 

diameter and number in the experimental groups showed a 

significant increase in size and a significant reduction in 

glomerular number in the morphine group, while 

administration of genistein at 4 mg /kg before morphine 

administration significantly increased the glomeruli number. 

In this study, cellular infiltration was observed which was 

accompanied by an increase in Bowman’s capsule space and 

blood cells in the renal tubules. Since the glomerular filtration 

rate depends on the number, diameter and continuity of these 

components, reducing glomeruli number and diameter can be 

associated with kidney dysfunction (27). Therefore, it can be 

concluded that administration of morphine makes significant 

changes in kidney glomerular morphology. In this study, 

increasing glomeruli diameter in the morphine group may 

indicate early kidney pathological changes. The results of this 

study indicated that genistein decreased damage to 

glomerulus by reducing blood pressure and renal nitric oxide 

production, induced by morphine. Oxidative stress and lipid 

peroxidation caused by oxygen free radical formation are 

involved in renal tissue damage (28). Morphine induces the 

production of reactive oxygen species (ROS) and superoxide by 

macrophages and mesonephric cells and damages kidney 

cellular DNA (29). On the other hand, animal studies have 

shown that antioxidants have the ability to remove free 

radicals (30). In this regard, Sung et al. reported that genistein 

reduced ROS production and apoptosis in groups receiving 

cisplatin by regulating p53 induction in kidney (31). In line with 

the present study, the results of Loei et al., indicated that 

opium administration to rabbits caused collecting tubes 

dilatation, interstitial tissue expansion along with severe 

hyperemia, renal corpuscle hyperplasia and hypertrophy and 

urinary tubules degeneration (32). In relation with the benefits 

of soy consumption, it has been shown that soybean increases 

catalase activity and reduces kidney damage in nephrotic 

syndrome as well as proliferation of fibrosarcoma cells (29). In 

this study, biochemical results of BUN and creatinine level 

evaluation in blood serum showed that morphine increased 

BUN and creatinine level while genistein reduced them. 

Measurement of creatinine and BUN is considered a standard 

factor in kidney function (33). Increasing BUN level induces 

oxidative stress and reduces antioxidant levels in the body (34). 

Antioxidant compounds have an inhibitory effect on 

cytochrome P450 and prevent morphine metabolism, thereby 

reducing the production of free radicals (35). LDH is an 

intracellular enzyme which exists in many body tissues, 

including heart, liver, kidney, blood and skeletal muscle and 

can be used as a marker for cellular damage evaluation (36). 

The studies of Samarghandian et al. showed that morphine 

significantly increased LDH serum level (37). It can be 

concluded from this study that genistein has positive effects on 

kidney tissue structure, LDH, creatinine and BUN (38). 

CONCLUSION 

The present study showed that genistein can significantly 

improve some of kidney damages against the destructive 

effects of morphine in mice. The results also suggest the 

potential effects of genistein especially antioxidant effects 

against toxic effects of morphine. Genistein may provide a 

novel therapeutic approach. 
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