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Abstract 

 

Introduction 
Diabetes mellitus refers to a group of metabolic 

diseases described by defects in insulin secretion, 

insulin function, or both (1). Chronic hyperglycemia is 

associated with damage to the human body organs such 

as kidneys, eyes, heart, nerves, blood vessels, and ovary 

(2-4). Extensive evidence suggested that advanced 

glycation end products (AGEs) are one of the main 

causes of ovarian dysfunction in diabetic conditions (5-

7). AGEs, called "glycotoxins," are byproducts of the 

Millard reaction in which the carbonyl group of 

carbohydrates interacts non- enzymatically with lipids 

and protein (8). Some of the most usual AGEs formed 

in the body include carboxymethyl lysine, carboxyethyl 

lysine, pentosidine, and hydroimidazolones (9, 10). 

AGEs can exert a spectrum of pathological effects 

primarily through interaction with the receptor for AGE 

(RAGE) on the target cell's surface (11). The RAGE 

gene (AGER) is located on chromosome 6 and is one of 
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Methods:  A total of 96 female Wistar rats were randomized into four groups (n=24 in each group) as follows: 1) control, 

2) diabetes, 3) diabetes + 200 mg/kg ginger, 4) diabetes + 400 mg/kg ginger. Streptozotocin (STZ) - induced diabetic rats, 
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the most frequent genetic susceptibility loci for diabetes 

development (12, 13). Under a diabetic state, RAGE 

binds to its ligands and exerts various cellular activities, 

including inflammation, proliferation, and autophagy 

(14). Increased RAGE expression leads to tissue 

damage in pathological conditions, immune reactions, 

and diabetes. In the ovary, the induction of RAGE 

activates nuclear transcription factor (NF-κB), followed 

by transcription of many pro-inflammatory genes, 

including tumor necrosis factor (TNF) -α and 

interleukin (IL-) -1β (15, 16). The imbalance between 

pro- and anti- inflammatory cytokines leads to delayed 

follicular maturation, altered steroidogenesis, and 

ovarian dysfunction (17, 18). Therefore, counteracting 

the AGE- RAGE axis might result in preventing 

diabetes-induced ovarian damage. The potential 

evidence has suggested that medicinal plants 

effectively manage various diseases, including diabetes 

(18, 19).  For several hundred years, Ginger, Zingiber 

Officinale Roscoe has been frequently utilized as spice 

or for medicinal purposes. Generally, this medicinal 

plant exerts anti-inflammatory and antioxidant 

activities and modulates gene expression. In addition, 

several studies have revealed that ginger can delay the 

development of diabetic complications (20, 21).  

Given that the anti- diabetic and anti- inflammatory 

effects of ginger have been proven, so far, limited 

studies have been conducted on the protective effect of 

ginger against the damage caused by hyperglycemia on 

the female reproductive system. According to the 

above, the current work was designed for the first time 

to explore the impacts of ginger extract on the 

hyperglycemia- induced AGEs- RAGE axis and 

inflammatory markers in the serum and ovary of   

female STZ- stimulated diabetic rats. 

Methods 
Preparation of the ginger extract 

Dried ginger roots were purchased from Gol Darou 

Company, Isfahan, Iran. Briefly, 200 g of the ginger 

root was weighed and then powdered using an electrical 

blender. The powdered roots were soaked in 1400 ml of 

70% methanol solution (420 ml of distilled water + 980 

ml of methanol) for three days at room temperature and 

filtered using a Whatman filter. Finally, the filtered 

extract was evaporated using a rotary evaporator and 

then lyophilized, and stored     at- 20°C until use (22). 

Animals 

All protocols were approved by the ethical committee 

of animal and research of Garmsar Branch, Islamic Aza 

University (IR.IAU.SHAHROOD.REC.1400.069). In 

this interventional study, 96 female Wistar rats with an 

average weight of 220-250 g (8-10 weeks of age) were 

prepared from the research center of Garmsar Branch, 

Islamic Azad University. 

Before the experiments, all animals were housed in a 

12-hour light/dark cycle and 25±2°C for one week to 

adapt to the laboratory environment. All rats had free 

access to food pellets and water during the experiments. 

Induction of diabetes 

The rats were weighed after the adaptation period, and 

72 were randomly selected for diabetes induction. After 

12 hours of fasting, 60 mg/kg streptozotocin (STZ) 

dissolved in 0.1 M citrate buffer solution was 

intraperitoneally (i.p.) injected with an insulin syringe 

(23). Three days after the STZ injection, fasting blood 

glucose was evaluated through the tail vein and a 

glucometer. Diabetes was confirmed based on blood 

glucose concentration above 220 mg/dl. Oral 

administration of the ginger extract was initiated two 

weeks after the STZ injection and continued for eight 

weeks. 

Experimental Design 

The rats were randomized into four groups of 24 

animals in each group as follows: 

1. Control group: Normal rats were gavaged with 

distilled water daily for eight weeks.  

2. Diabetic group: Rats were gavaged with distilled 

water daily for eight weeks.  

3. Diabetes + 200 mg/kg ginger: Rats were gavaged 

with 200 mg/kg ginger extract daily for eight weeks. 

4. Diabetes + 400 mg/kg ginger: Rats were gavaged 

with 400 mg/kg ginger extract daily for 8 weeks. 

Ginger extract was dissolved in 1.5 ml/kg of 

distilled water. The ginger extract doses were selected 

based on previous studies (22, 24). At the end of the 

eighth week, the rats were immediately weighted by a 

digital scale and then in order to humanly killing, 

anesthetized by i.p. injection of ketamine (60 mg/kg) 

and xylazine (12 mg/kg). The blood samples were 

directly taken from cardiac puncture, centrifuged (15 

minutes, 3500 rpm), and stored at- 80°C in the freezer 

until future experiments. Subsequently, the ovaries 

were immediately isolated, weighed, and then stored at 

-80° C in the freezer until use. 

Measurement of AGEs 

Serum AGEs were measured by the Kalousova method 

(25). According to this method, the serum sample was 

diluted by phosphate buffer (pH = 7.4) at a ratio of 1 to 

50, and then, the fluorescent intensity was measured at 

440 nm emission wavelength and 350 nm excitation 

wavelength by spectrofluorimeter. The results were 

reported as a percentage of fluorescent emission 

intensity (FI %). 
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Quantitative Real-Time PCR 

After collecting ovarian tissue samples, total RNA was 

isolated using a total RNA isolation kit (Yekta Tajhiz, 

Iran), following the provided recommendations. To 

synthesize cDNA from RNAs isolated from ovarian 

tissue, the cDNA synthesis kit was used (Yekta Tajhiz, 

Iran). Then, a qRT- PCR reaction was applied using 100 

ng of cDNA (template), specific primers, and SYBR® 

Green qPCR Master Mix (Yekta Tajhiz, Iran), 

according to the standard protocol. The relative 

expression of the desired genes was measured using the 

2(-Delta Delta C
 

(T)) method. The glyceraldehyde -3-

phosphate dehydrogenase (GAPDH) gene was 

employed as a reference gene. The sequence of primers 

is displayed in Table 1. 

 
 

Table 1. The sequences of primers 

Genes Primer sequences (5'- 3') 

RAGE 
Forward: CCCCAATGGTTCACTCCTCC 

Reverse: CCCATCCAAGTGCCAGCTAA 

IL-1β 
Forward: GACTCGTGGGATGATGACGAC 

Reverse: GAGCTTTCAGCTCACATGGGT 

TNF-α 
Forward: ATCCGAGATGTGGAACTGGC 

Reverse: ACTGATGAGAGGGAGCCCAT 

GAPDH 
Forward: TGCCAAGTATGATGACATCAAGAAG 

Reverse: AGCCCAGGATGCCCTTTAGT 

 

Statistical analysis 

Statistical analyses were done using GraphPad Prism 

software version 8 (Inc.; San Diego, CA, USA). The 

findings are reported as mean ± standard deviation (SD), 

and their normal distribution was checked using the 

Kolmogorov-Smirnov test. For statistical differences 

among experimental groups, one-way analysis of 

variance (ANOVA) was utilized, followed by post- hoc 

test (Tukey). P-value ˂  0.05 was reported as statistically 

significant level. 

Results 
The effect of ginger extract on the increase or  

decrease of body weight and ovarian weight of 

diabetic rats  

As depicted in Figure 1A, diabetic rats exhibited an 

obvious decrease in body weight compared to healthy 

rats (P < 0.01). In contrast, diabetic group recipients of 

ginger extract exhibited a notable improvement in body 

weight (Figure 1A; P < 0.01).   

Diabetic animals showed a significant decrease in 

ovarian weight compared to the healthy rats (Figure 1B; 

(P < 0.01). In contrast, diabetic rats receiving 200 

mg/kg (P < 0.05) and 400 mg/kg (P < 0.01) ginger 

exhibited a great increase in ovarian weight (Figure 

1B). 

 

 
Figure 1. The ginger extract increases (A) body weight and (B) ovarian weight in the studied groups. The findings are reported 

as mean ± standard deviation (SD). *P ˂ 0.05 and **P ˂ 0.01 were statistically significant. 
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Ginger extract attenuates the AGE amount in the 

serum of diabetic rats 

At the end of the study, STZ led to a marked increase 

in the AGEs amount in the diabetic group compared to 

the healthy group (Figure 2; P < 0.001). In contrast, 

these changes were considerably decreased in the serum 

of diabetic rats' recipients of 200 mg/kg (P < 0.01) and 

400 mg/kg (P < 0.001) ginger extract for eight weeks 

(Figure 3). 

Figure 2. Effects of the ginger extract on the serum AGEs 

in the studied groups. The results are reported as the 

percentage of fluorescence intensity of AGEs (F %). *P ˂ 

0.01 and **P ˂ 0.001 were statistically significant. 

Ginger extract prevents RAGE mRNA levels in the 

ovary of diabetic rats 

AGEs can bind to the RAGE on the surface of target 

cells and activate intracellular signaling cascades. 

Therefore, we evaluated the mRNA levels of RAGE in 

the ovary of diabetic rats. There was a notable increase 

in RAGE mRNA levels (Figure 3; P < 0.001) in diabetic 

rats' ovaries compared to healthy rats. These changes 

were markedly attenuated in the ovary of diabetic rats 

treated with ginger extract for eight weeks (Figure 3). 

Figure 3. Ginger extract alleviates the transcript level of 

RAGE in the studied groups. The findings are reported as 

mean ± standard deviation (SD). *P ˂ 0.05 and **P ˂ 0.01 

were statistically significant. 

Ginger extract prevents inflammation in the ovary 

of diabetic rats 

As illustrated in Figure 4A and Figure 4B, diabetic rats 

exhibited an obvious enhancement in the ovarian TNF-

α and IL-1β mRNA levels compared to the healthy rats 

(P < 0.01). Administration of the diabetic group with 

200 mg/kg ginger extract markedly ameliorated the 

transcript levels of TNF-α (P < 0.01) and IL-1β (P < 

0.05). The 400 mg/kg finger extract dose remarkably 

alleviated TNF-α and IL-1β in the ovary of diabetic rats 

(P < 0.01; Figures 4A and 4B). 
 

 

 
Figure 4. Effects of the ginger extract on the transcript level of (A) TNF-α and (B) IL-1β in the studied groups. The findings 

are reported as mean ± standard deviation (SD). *P ˂ 0.05 and **P ˂ 0.01 were statistically significant. 
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Discussion 
Diabetes is linked to various diseases, including 

reproductive disorders such as abnormal 

folliculogenesis and steroidogenesis, anovulation, and 

miscarriage (26-28). Several studies have investigated 

the potential role of ginger extract in the prevention and 

management of diabetes and its complications (29, 30). 

The current research investigated the potential impact 

of ginger supplementation on AGEs and inflammatory 

markers in STZ diabetic rats. 

STZ is an alkylating compound that causes DNA 

damage and especially destroys pancreatic β- cells (31). 

Evidence has shown that a single dose of STZ in a rat 

will cause β-cell loss of the islets followed by chronic 

hyperglycemia (32, 33). In the present work, our 

findings manifested that a single dose of STZ (60 

mg/kg) considerably increased fasting glucose 

concentration in the blood of rats. Chronic 

hyperglycemia was observed until the end of the study. 

A significant increase in fasting blood glucose in the 

diabetic group may be due to damage to pancreatic β 

cells by STZ (34, 35). 

Dehydration and weight loss have been reported in the 

diabetic state (36). In the current study, we observed 

significant weight loss in the diabetic rat group. This 

finding was consistent with the data from previous 

reports. According to the results presented by Dekel et 

al., the diabetic mice exhibited approximately 40% 

body weight loss within 14 days of the STZ injection. 

This finding could be due to muscle loss due to 

insufficient carbohydrates as an energy source (37). 

However, Al Hroob et al. reported that treatment with 

400 mg/kg and 800 mg/kg ginger greatly improved the 

body weight of diabetic rats (38). Our results were also 

similar to the findings of Al Hroob and his               co- 

workers. Herein, we also indicated that the ginger 

supplementation caused a notable increase in the body 

weight of diabetic rats, which could be a direct result of 

improving blood glucose levels. The protective impact 

of ginger extract on body weight loss in diabetic rats 

may reveal the ability of ginger to reverse 

gluconeogenesis and glycogenolysis via mimicry of 

insulin action (39-41). 

It has also been reported that STZ- induced diabetes 

diminishes the number of antral follicles and enhances 

atretic follicles, leading to destructive effects on 

ovarian tissue (42, 43). One of the important indicators 

for evaluating ovarian function in diabetic conditions is 

ovarian weight alteration, resulting from changes in 

ovarian structure and follicle numbers. Mehrabianfar et 

al. observed the loss of ovarian weight in an      STZ- 

induced diabetic rat model. Their results also showed 

that ovarian tissue was damaged by diabetes, and 

metformin partially improved this injury (44). In line 

with the results of Mehrabianfar et al., in our study, 

ovarian weight loss was seen in diabetic rats. On the 

other hand, the diabetic group treated with ginger 

showed significant weight gain.  

Diamanti- Kandarakis and her research group have 

indicated that the AGE- RAGE axis may be responsible 

for ovulation failure, characteristic of polycystic ovary 

syndrome (PCOS) (45). In ovarian tissues of PCOS 

women, the expression of AGE and RAGE was 

increased in the theca and granulosa cell layers (46, 47). 

The binding of AGEs to their receptors on the surface 

of ovarian cells causes cellular oxidative stress and 

increases inflammation. Chronic inflammation found in 

the cytoplasm of ovarian cells is a characteristic of 

cellular necrosis. However, AGE restriction in humans 

is associated with a remarkable reduction in 

inflammatory biomarkers, such as plasma CRP and 

TNF-α (48). Many polyphenols such as catechins, 

proanthocyanidins, anthocyanins, acetylbenoids, and 

flavonols have been identified to prevent the formation 

of AGEs (49). Nonaka et al. demonstrated that the 

levels of RAGE, IL-6, and p65 were increased in human 

gingival fibroblast cells (HGFs) treated with AGEs. 

Their results also suggested that 6- shogaol inhibits 

inflammatory responses caused by AGEs and may have 

protective effects on periodontitis induced by diabetes 

mellitus (50). We showed that the level of AGEs and 

the mRNA level related to RAGE, TNF-α, and IL-1β 

genes were significantly raised in STZ- induced rats, 

but the administration of ginger extract significantly 

alleviated the level of these compounds. 

One of the limitations of this study is the lack of 

evaluation of RAGE and inflammatory markers at the 

protein levels. Also, AGE levels were not evaluated in 

ovarian tissue samples. 

Conclusion 
The findings of this study exhibited that daily 

administration of ginger extract ameliorated the serum 

AGEs and the ovarian transcript levels of RAGE and 

inflammatory markers in the STZ- induced female rats, 

which are the potential risk factors for ovarian 

complications. It is suggested that in future studies, the 

effect of ginger on AGE- RAGE- related signaling 

pathways in the ovaries of diabetic rats be investigated. 
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