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ARTICLE INFO 
 

ABSTRACT 

ORIGINAL ARTICLE Background: Melissa officinalis L. ( lemon balm) is one of the more widely 

cultivated medicinal and aromatic plants that has long been used in traditional 

medicine to treat many disorders. The present study investigates Melissa 

officinalis L. hydro-alcoholic extract regarding pituitary-gonadal axis in 

diabetic mice. Methods: 45 NMRI mice with a mean weight of 35.6±4.5 g 

were divided into five groups: control group (0.2 ml of physiological serum 

intraperitoneally injection), diabetic mice (without treatment), and three 

experiment groups (diabetic groups receiving 50, 100 and 200 mg/kg of 

Melissa officinalis extract intraperitoneally injection). Melissa officinalis 

extract was injected intraperitoneally for 14 days. At the end of the experiment, 

blood samples were taken to determine the biochemical indicators level 

(glucose, LH, FSH, and testosterone), and the left testicle was weighed and 

examined histologically. Results: The results showed that the lowest amount 

of glucose and the highest level of LH were observed in the treatment group at 

a dose of 100 mg/kg of Melissa officinalis extract. The highest level of FSH 

was observed at a dose of 200 mg/kg. Histological study of the testis showed a 

more favorable condition in the experimental group of 200 mg/kg of lemon 

balm extract (P<0.05). Conclusion: It can be concluded that the use of Melissa 

officinalis extract is efficient in reducing glucose, improving the levels of LH, 

FSH, and testosterone in diabetic mice, affecting testicular weight, and 

improving testicular tissue indices and reproductive function of rats. 
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Introduction 

ne of the most important endocrine diseases 

in the world is diabetes, which affects many 

people annually; so it is referred to as a silent 

epidemic and is one of the public health problems 

all over the world (Standl et al., 2019). This 

disease contributes to decreasing global birth rates 

(Maresch et al., 2017). Research has shown that 

oxidative stress plays a key role in pathogenesis 

and complications of diabetes. Oxidative stress in 

diabetics leads to a wide range of diseases such as 

retinopathy, nephropathy, cardiovascular, sexual, 

and hormonal diseases (Rains and Jain, 2011). 

Diabetes has different functional and structural 

effects on male reproductive system, such as 

decreased testosterone production, libido (Singh et 

al., 2006), reduced sperm maturity, motility, and 
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viability. Diabetes increases the abnormality of 

sperm (Mardanshahi et al., 2019). It decreased 

sperm count, and sperm concentration (Zhong et 

al., 2021). Diabetes also increases the detrimental 

effects on reproduction such as low sperm motility 

and DNA integrity (Diogo et al., 2023) 

Plants were used as traditional therapies before 

the discovery of insulin and anti-diabetic drugs. 

Traditional Persian Medicine (TPM) has a long 

history of the treatment of diseases by using herbal 

plants (Araj-Khodaei et al., 2020, Naseri et al., 

2016). Today, various clinical and animal research 

has been conducted using TPM (Babaeian et al., 

2015). 

Numerous laboratory and clinical studies have 

been performed on medicinal plants in the 

treatment of diabetes, many of which 

hypoglycemia have been observed among patients 

with diabetes (Kooti et al., 2016). Nowadays, the 

use of medicinal plants in the treatment of diabetes 

is inevitable, due to their fewer side effects 

compared with those of chemical drugs. 

Prescription of herbal medicines by traditional 

medicine experts is common for the treatment of 

many diseases. Many plants are great sources of 

antioxidants which can reduce the negative effects 

of oxidants and side effects of some diseases, one 

of them  is lemon balm (López et al., 2009). 

Lemon balm with the scientific name Melissa 

officinalis L. is a plant of the Lamiaceae family. It 

contains flavonoids, phenolic component, rosmaric 

acid, and gallic acid (Miraj et al., 2017). Various 

studies on Lemon balm have revealed this plant’s 

antiinflammatory effects, cardioprotection, 

antispasmodics and vasodilation (Draginic et al., 

2021), antiviral (Behzadi et al., 2023) and 

antioxidant effects (Miraj et al., 2017), reduction 

of depression (Araj-Khodaei et al., 2020), anxiety 

and stress (Ghazizadeh et al., 2021, Haybar et al., 

2018), and anti-diabetic effects (Naseri et al., 

2021). Lemon balm is sold as a substance in tea 

bags, food supplements, powdered herbal, and 

combination products on the European market 

(Uropean medicines agency, 2013). It is used in 

culinary, aromatic, and traditional medicine (Kato-

Noguchi, 2003). 

Lemon balm is a healthy and safe herbal 

medicine that improves sexual dysfunction in 

women (Darvish-Mofrad-Kashani et al., 2018). 

The aqueous extract of M. officinalis is an effective 

drug in the treatment of benign heart palpitations 

(Alijaniha et al., 2015, Naseri et al., 2021). Naseri 

et al. showed the effectiveness of M. officinalis in 

improving learning and enhancing memory in 

diabetic rats (Naseri et al., 2021). M. officinalis can 

improve cognition in older adults without 

hypertension (Noguchi-Shinohara et al., 2023). 

There have also been various studies on the effects 

of M. officinalis regarding reproductive 

dysfunction. M. officinalis has a protective effect 

on sperm and spermatogenesis factors of rats 

exposed to lead (Abbasi et al., 2016). Moreover, 

the protective effect of M. officinalis on malathion 

poisoning revealed the plant was highly efficient in 

the improvement of testicular tissues and normal 

spermatogenesis (Seif MM, 2014). Therefore, due 

to the antioxidant properties and effectiveness of 

M. officinalis, it is necessary to conduct 

comprehensive research in this regard. According 

to the above explanations, the present study 

investigates the effect of hydro-alcoholic extract of 

aerial parts of M. officinalis on the pituitary-

gonadal axis, spermatogenesis, and testicular tissue 

in diabetic mice. 

Materials and Methods 

Plant material 

M. officinalis was purchased from Firouzeh 

Botanical Garden (Tehran province, Iran). The 

plant was identified and authenticated by Dr. 

Mohammad Kamalinejad at Herbarium of the 

Faculty of Pharmacy, Shahid Beheshti University 

of Medical Sciences, Tehran, Iran (voucher 

number 3380). 

The aerial parts of the plant were dried and 

macerated in hydroalcoholic solvent (40% ethanol 

and 60% distilled water). After extraction, the total 

extract was filtered, and the solvent was removed 

(Mariarosaria et al., 2020). 

Animal 

In this study, 45 NMRI mice with an average 

weight of 36.16±4.5 g were purchased from Royan 
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Research Institute (Tehran, Iran). The mice were 

kept for one week to adapt to storage conditions, 

12 light/12 dark. Unrestricted standard water and 

diet were available for animals during the 

experimental period.  

The mice were randomly divided into five 

groups of nine, as follows: The control group 

received 0.2 ml of physiological serum 

intraperitoneally daily. The diabetes group did not 

receive any treatment, and three test groups 

received 50, 100, and 200 mg/kg of M. officinalis 

L. extract intraperitoneally for 14 days. The care 

and handling of the animals were according to the 

NIH guidelines and ethical committee of Payame 

Noor University guidelines (letter No. P/7/7991 

(2023/1/1) of the vice president of research and 

technology of the university).  

The animals were included with glucose levels 

less than 110 mg/dl. Alloxan (Sigma, Germany) 

was used to make NMRI mice diabetic. 150 mg/kg 

of alloxan dissolved in 0.9% (w/v) saline was 

injected intraperitoneally and in a single dose 

(Verma et al., 2010). Before and after the 

induction of diabetes, the mice were fasted 

overnight to measuring glucose levels. Blood was 

taken from the tail vein. Blood glucose levels were 

measured after 72 hours of alloxan injection using 

a digital glucometer (Emperor Prodigy Blood 

Glucose Monitor OK-2AJ, Taiwan), and the mice 

with a blood glucose level above 250 mg/dl were 

selected as diabetic mice and entered the 

experiment (Ighodaro et al., 2017). The mice were 

excluded with blood glucose levels less than 250 

mg/dl after alloxan injection. 

After diabetic induction, the hydroalcoholic 

extract of M. officinalis was injected 

intraperitoneally for 14 days in experimental 

groups (Sadat et al., 2019) with doses of 50, 100, 

and 200 mg/kg, respectively. After 14 days, the 

mice were anesthetized and blood was collected 

from the heart. Blood samples were kept at room 

temperature for half an hour and then the serum of 

blood samples was centrifuged at 3000 rpm for 20 

minutes (Negahdary et al., 2015); then, the blood 

was stored in the freezer at -20 °C until glucose, 

LH, FSH, and testosterone were measured.  

The glucose index was measured using Bionik's 

kit and based on its instructions. LH, FSH, and 

testosterone were also measured by ELISA, the 

hormone diagnosis kit, and the related instructions.  

After blood sampling from anesthetized animals, 

the right testes of mice were removed and weighed 

using a digital scale (A&D, Japan). The testes were 

washed using physiological serum (Razi serum, 

Iran) and then kept for 2 days at 10% formalin 

solution. The testicle tissues were transferred to 

%70 ethanol, and dehydrated by passing ascending 

grades of ethanol. Then, the tissues were cleared in 

xylene and embedded in paraffin. Five μm thickness 

sections were cut by microtome transferred on slide, 

and stained with Hematoxylin-Eosin. The slides 

were observed in a light microscope (Naghdi et al., 

2016). The maximum volume of injection was 0.2 

ml in all experiments, and euthanasia of mice was 

done using chloroform.  

Data analysis 

At the end of the experiment, data were 

collected and statistical analysis was performed 

using SPSS software version 20 to ensure the 

normality of the data, data were first analyzed by 

Shapiro-Wilk test. Then, for intergroup 

comparison, one-way-ANOVA was used at 95% 

confidence level (the significance level in all tests 

was less than 0.05), followed by Tukey post-hoc 

test. Finally, the results were expressed as the 

mean and standard error (Means±SE). 

Results 

No significant difference in the weight of 

NMRI mice was observed in all test groups. 

There was a significant difference in glucose 

levels among the treatments, so the highest and 

lowest glucose levels were observed in untreated 

diabetic group and the control group, 

respectively. The highest level of LH was in the 

control treatment, which showed a significant 

difference from other treatments. The lowest 

levels of LH were also seen among the untreated 

diabetic rats. Examination of FSH in the blood 

serum of NMRI mice showed a significant 

difference among the treatments. The lowest level 

of FSH was observed in diabetic rats with no M. 
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officinalis extract, and the highest level was seen 

in those with a dose of 200 mg/kg. Examination 

of testosterone changes revealed that there was no 

significant difference among the treatments. The 

control treatment had the highest level of 

testosterone and the lowest level in diabetic 

NMRI mice. Also, the highest and lowest 

testicular weights were experienced among the 

control treatment and the dose of 100 mg/kg M. 

officinalis, respectively (Table 1). 

 

Table 1. Weight change and biochemical analysis in diabetic mice with different doses (50, 100, and 200 mg/kg) of 

Melisa officinalis. 

 

Testis 

weight (g) 

Testosterone 

(mu/ml) 

FSH 

(mu/ml) 

LH 

(mu/ml) 

Glucose 

(mg/dl) 

Final 

weight (g) 

Initial 

weight (g) 
Group 

0.01a±0.15 1.14±0.48 0.57±0.04ab 4.27±0.25a 96.00±13.81d 37.22±1.32 37.22±1.33 Control 

0.004c±0.09 0.30±0.12 0.20±0.02c 1.78±0.10c 517.00±16.21a 38.75±1.60 37.75±1.66 Diabetes 

0.01ab±0.14 0.66±0.10 0.35±0.02bc 2.50±0.14bc 435.85±89.66c 35.44±0.95 35.33±1.31 Dose 50 

0.004b±0.12 0.88±0.34 0.48±0.05b 3.67±0.42b 279.57±67.57b 34.77±1.43 33.87±1.37 Dose 100 

0.02ab±0.13 0.56±0.29 0.63±0.05a 3.37±0.24b 364.57±94.98bc 38.77±1.41 36.66±1.14 Dose 200 

Results are presented as means±SE, SE : Standard Error. Similar letters in the same column show no significant difference between 

results for each treatment (P>0.05). 

 

Histological examinations  

Examination of testicular tissue in untreated 

diabetic rats with M. officinalis extract showed that 

basal membrane of seminiferous tubules was 

ruptured, and in some cases, it was completely 

destroyed and cellular arrangement was disrupted. 

Moreover, in the test group receiving a dose of 50 

mg/kg of M. officinalis extract, the basement 

membrane of seminiferous tubules ruptured in 

some cells, and in a small number, it was 

completely. In addition, in some tubes, the cellular 

arrangement was disrupted. Examining testicular 

tissue in the group with a dose of 100 mg/kg of M. 

officinalis extract revealed that in some tubes the 

arrangement of spermatogenesis cells was 

disrupted. Also, tissue analysis at the dose of 200 

mg/kg group of extract revealed continuous duct-

based and spermatogenesis cells in the tube. 

Testicular histological studies showed that there 

was a significant difference among experimental 

treatments. The highest and lowest diameters of the 

urinary tract were observed in controlled treatment 

and diabetic rats, respectively (Table 2). Analyzing 

changes in the thickness of the epithelium of the 

spermatogenesis tubules showed that the lowest 

amount of epithelial thickness of the 

spermatogenesis tubules was in diabetic mice. In 

addition, no significant difference was observed 

between control treatment and the dose of 200 

mg/kg of lemon balm extract. There was no 

significant difference in the number of 

spermatogonia in the control treatment and the dose 

of 200 mg/kg of lemon balm extract. The lowest 

number of primary spermatocytes was observed in 

diabetic mice. Furthermore, the lowest spermatid 

cell count was in diabetic mice. The highest number 

of sertoli cells was observed in the control treatment 

following the group with a dose of 200 mg/kg of M. 

officinalis extract. There was no significant 

difference between the number of leydig cells in the 

control treatment and the groups with 100 and 200 

mg of M. officinalis extract, and the lowest number 

of leydig cells was observed in diabetic mice. The 

highest and lowest percentage of spermiogenesis 

coefficient were observed in the control treatment 

and diabetic rats, respectively. The lowest Johnson 

index was seen in diabetic mice. There was no 

significant difference between the control treatment 

and the group with a dose of 200 mg/kg of M. 

officinalis extract. 
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Table 2. Histological examinations in small diabetic NMRI mice with different doses (50, 100, and 200 mg/kg) of Melisa 

officinalis. 
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Seminiferous tubules  

Group 
Germinal  

epithelium(µ) 
Diameter(µ) 

0.05a±9.80 95.20±0.30a 10.33±0.21a 19.83±0.70a 98.00±2.67a 31.00±0.73a 26.00±1.91a 53.16±1.49a 175.50±3.91a Control 

0.16d±6.32 63.71±1.71e 4.83±0.30c 9.83±0.40c 31.00±0.68d 4.83±0.30c 10.83±0.47b 31.58±0.89c 107.00±1.29d Diabetes 

0.10c±7.34 72.63±0.58d 7.50±0.22b 9.83±0.47c 47.83±1.32c 23.16±1.40b 13.66±1.14b 33.16±1.20c 143.33±2.29b Dose 50 

0.14b±8.41 80.08±1.88c 9.66±0.49a 11.66±0.71c 62.33±2.07b 24.33±1.33b 14.66±0.88b 43.91±1.80b 123.66±2.49c Dose 100 

0.11a±9.37 86.13±1.00b 10.50±0.22a 17.00±0.25b 94.00±0.89a 30.83±0.60a 25.50±0.42a 52.16±0.57a 126.66±1.20c Dose 200 

Results are presented as means±SE, SE = Standard Error. Similar letters in the same column show no significant difference between 

results for each treatment (P>0.05). 

 

  
 

Figure 1. Comparison of testicular histology in test group samples with the magnification of 100. 

Thick arrow (spermatogonia); Triangular head (primary spermatocyte); Star (spermatid); The thin arrow (sperm); Control group 

(A): Normal basal membrane and complete spermatogenesis were seen in the tube;  The group with a dose of 50 (B): cell 

arrangement was disrupted and the interstitial tissue was hyalinized; The group with a dose of 100 (C): Cell disruption was 

observed;The group with a dose of 200 (D): Natural basal membrane and complete spermatogenesis were seen in the tube; 

Diabetes group (E): The lowest amount of epithelial thickness of the spermatogenesis tubules, cell disruption without sperm. 

 

Discussion 

As mentioned in the results section, no 

significant difference was observed in the weight 

of mice among all treatments. The results of the 

present study were similar to Ashkani-Esfahani et 

al. in that no significant difference in the weight of 

streptozotocin-induced diabetic rats and M. 

officinalis-treated groups were observed (Ashkani-

Esfahani et al., 2021).  

The present study showed that hydroalcoholic 

extract of lemon balm could significantly reduce the 

serum glucose levels of alloxan-induced diabetic 

rats, although serum glucose levels of male diabetic 

rats did not return to normal levels. Various studies 

indicated that M. officinalis extract can lower blood 

sugar (Abolfazl et al., 2016, Chung et al., 2010, 

Weidner et al., 2014). The effect of M. officinalis 

extract on beta cells and pancreas of diabetic rats 

showed that consumption of M. officinalis extract in 

diabetic rats can improve beta cell function by 

increasing cells in the pancreas, resulting in lower 

blood glucose (Ashkani-Esfahani et al., 2021). 

Similar findings in the study of animal models 

indicated that the consumption of M. officinalis can 

prevent the destruction of pancreatic cells (Shin et 

al., 2021). Consumption of M. officinalis extract 

increases serum insulin and reduces oxidative stress 

(Hsiu-Fang et al., 2015). 

The results of the study showed a decrease in 

testosterone among the group treated with M. 
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officinalis extract compared to the control group, 

although no significant difference was observed 

among the experimental groups. M. officinalis, 

with its polyphenolic compounds, has shown high 

antioxidant activity due to the presence of phenolic 

compounds, especially rosmarinic acid, terpenoids, 

flavonoids, and essential oil (Petrisor et al., 2022). 

The key role of antioxidants in the production of 

sex steroids was demonstrated by (Saylam and 

Çayan, 2020). Therefore, improvement in 

testosterone levels can be observed in doses 

containing M. officinalis extract. The lowest levels 

of FSH and LH were observed in male diabetic rats 

without treatment with hydroalcoholic extract of 

M. officinalis. Similar results were previously 

reported by Ballester (Ballester et al., 2004). This 

research showed that serum levels of LH and FSH 

decreased in diabetes. Examination of FSH  

demonstrated that the highest amount of this 

hormone appears in the dose of 200 mg/kg of M. 

officinalis extract. Due to its antioxidant properties, 

it leads to protect the Pituitary- Gonadal axis 

against Malathion toxicity (Seif MM, 2014). 

The lowest testicular weight was observed in 

diabetic rats without treatment with M. officinalis 

extract. Examination of testicular tissue in diabetic 

patients showed that testicular weight was reduced 

and led to reproductive disorders in men (Mallidis 

et al., 2009). The weight of experimental groups 

containing 50 and 200 mg of M. officinalis extract 

was close to those in the control treatment, 

therefore, considering the antioxidant properties of 

M. officinalis, it can be said that this extract had a 

positive effect on male diabetic rats and may 

improve testicular weight over a longer period.  

Diabetes causes tissue changes in the testicles, 

including atrophy of the spermatogenesis tubules, 

reducing the diameter of the tubules, low cellular 

density, and pathological changes (Guneli et al., 

2008, Korejo et al., 2016). Investigation of urethra 

diameter among diabetic mice in this study showed 

that the highest sperm duct diameter was observed 

in the control treatment (175.50±3.91 μm) and the 

lowest was in diabetics’ rats (107.00±1.29 μm, 

Table 2). The groups treated with M. officinalis 

extract had a better condition than diabetic mice, 

which may be due to the antioxidant role of M. 

officinalis. The results of the present study 

suggested a negative effect of diabetic mice without 

treatment with M. officinalis extract regarding the 

thickness of testicular spermatogenesis tubular 

epithelium, while the dose of 200 mg/kg of lemon 

balm extract was significantly different from control 

treatment. Similar conditions were observed in the 

number of spermatogonia cells, primary 

spermatocytes, and spermatids. Also, (Tang et al., 

2008) stated that the number of sex cells in diabetic 

patients decreased, which was similar to the 

findings of the present study. Hyperglycemia leads 

to oxidative stress and the production of free 

radicals, thus it caused disorders in the process of 

spermatogenesis and developed diabetic 

complications (Moudi et al., 2007). Considering the 

presence of flavonoid and antioxidant compounds in 

lemon balm and that the anti-diabetic property of M. 

officinalis had been proved in various studies 

(Abolfazl et al., 2016, Chung et al., 2010, Weidner 

et al., 2014), it was concluded that M. officinalis 

extract could reduce the negative effect of diabetes 

in mice. One of the complications of diabetes is an 

increase in free radicals in the body (Moussa, 2008), 

so with an increase in free radicals, leydig cells will 

not be able to activate androgenesis (Khaneshi et al., 

2013). As mentioned earlier, some laboratory 

studies demonstrated that insulin deficiency in 

diabetic rats reduces the secretion of LH and FSH 

(Schoeller et al., 2012). In addition, insulin is 

necessary to maintain LH receptors in leydig cells 

and regulating division and metabolism in leydig 

cells (Noori Roshnavand et al., 2019). Thus, a 

decrease in insulin in male diabetic rats can impair 

the leydig cells activity and reduce testicular steroid 

hormones (Schoeller et al., 2012). Diabetes through 

oxidative stress (production of free radicals), cell 

damage by lipid peroxidation, and oxidation of 

proteins, disrupts the process of spermatogenesis. 

Oxidative stress was induced by reactive oxygen 

species (ROS) and antioxidant therapy could be a 

central approach in the treatment of male infertility 

(Sadeghi et al., 2023). Also, Antioxidants provide 

protected from the disruptions caused by diabetes 

(Sheikhpour, 2013). Antioxidant therapy can 
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increase sperm concentration (Yamasaki et al., 

2022), and oxidative stress is the main cause of 

male fertility. Therefore, the production of oxidative 

compounds should be limited (Hussain et al., 2023). 

According to the results of the spermiogenesis 

coefficient and antioxidant properties of lemon balm 

extract (López et al., 2009), this extract has 

improved the process of spermatogenesis in diabetic 

rats.  

The limitation of the current study was taking 

care of diabetic mice and the death of a limited 

number of them due to diabetes. According to this 

investigation, the constituents of the Melissa 

officinalis extract as a natural antioxidant might be 

an alternative to some antidiabetic drugs; however, 

clinical trials are recommended to evaluate its 

beneficial effects. For further research, the authors 

suggest a survey of the impact of Melissa officinalis 

extract on embryos and female mice during 

pregnancy. 

Conclusion 

Hydroalcoholic extract of Lemon balm (Mellisa 

officinalis) as a natural antioxidant is effective in 

lowering glucose, improving the levels of LH, 

FSH, and testosterone in male diabetic mice, 

influencing testicular weight, and improving 

testicular tissue indices and reproduction system 

function of the mice.  
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