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Background and Aims: Formaldehyde (FA) exposure is an important cause of 

cellular injury and oxidative damage in testis, leading to infertility. This study 

aimed to assess the protective effects of curcumin on sperm and stereological 

parameters in testes from formaldehyde-exposed NMRI mice. 

Materials and Methods: At 6-8 weeks of age, 24 adult male NMRI mice 

weighing 30-35 g were categorized into four groups (n=6) based on the treatment 

they received: Group І (control) received no treatment, group ΙΙ received FA (10 

mg/kg), group ΙΙΙ received FA (10 mg/kg) and curcumin (100 mg/kg), and group 

IV (Solvent) received dimethyl sulfoxide (0.2 ml/day). Materials were 

administered intraperitoneally for 35 days. After excision, epididymis tissues 

were placed in 1 mL aliquots of Ham’s F10 medium at 37˚C for 20 min and were 

then used in analyses of sperm parameters. Testes were fixed and stained with 

Hematoxylin & Eosin to investigate stereological indices. We also determined 

lipid peroxidation levels using malondialdehyde assays. 

Results: Mean sperm parameters (count, motility, viability, and morphology) 

differed significantly between groups ΙΙ and ΙΙΙ (p≤0.001). Stereological indices, 

including Leydig and spermatogonia cell numbers and surface-to-volume ratios 

of seminiferous tubules were significantly higher in group ΙΙΙ than in group ΙΙ 

(p≤0.001) . Finally, malondialdehyde levels in group III were significantly lower 

than in group II (p=0.001). 

Conclusions: The data showed that the curcumin, as an antioxidant, reduced 

FA-induced damage in sperm parameters and stereological indices in mice 

testes. 
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Introduction 

Formaldehyde (FA) is widely used in scientific 

laboratories, hospitals, and industrial facilities 

[1, 2]. Many harmful effects of airborne FA have 

been described in studies of the respiratory 

system and carcinomas, and nasal squamous cell 

mutations [3, 4]. In testicular tissues, FA 

exposures reduced the numbers of Leydig cells 

and sperm quality [1]. FA exposures also  

led to decreased testicular weights, numbers, 

motilities, viabilities, and morphologies of 

sperm cells and induced apoptosis in testicular 

spermatogenesis cells [2, 3]. 

By increasing free oxygen radicals, FA causes 

damage in the cell and oxidative stress in many 

tissues such as testis [4]. Under normal cellular 

conditions, excess reactive oxygen species 

(ROS) are neutralized by antioxidants. Hence, 

oxidative stress occurs when antioxidant activity 

is reduced or increased by ROS production [5]. 

Several antioxidant preparations are currently 

used to reduce oxidative damage. Curcumin 

(diferuloylmethane) is the main curcuminoid of 

turmeric, which is a known spice. It has been 

shown that curcuminoids are polyphenols and 

are responsible for the yellow-orange color of 

turmeric. Noorafshan and colleagues previously 

showed that curcumin protects the Leydig cells 

against metronidazole treatments [6]. In another 

study, curcumin reduced testicular damage in 

diabetic rats by reducing oxidative stress [7]. 

Moreover, Farombi et al. used curcumin to 

prevent oxidative changes and enhance sperm 

motility and reduce sperm abnormalities [8]. 

Histological examinations of testicle tissues are 

core to histopathological studies in humans and 

laboratory models. Although histopathological 

analyses of testicle tissues are usually limited to 

qualitative or semi-quantitative parameters, 

statistical comparisons of normal and 

experimental or pathologic samples have been 

performed. Such stereological methods improve 

biological studies’ efficiency based on shapes, 

sizes, and orientations of cells. Stereology also 

provides quantitative morphological data based 

on the most critical features of testicles. These 

include total volumes of testicles, seminal tubes, 

germinal and epithelial tissues, lengths and 

diameters of interstitial tissues, and numbers 

of Sertoli, Leydig, myoid, spermatogonia, 

spermatocytes, and spermatids in tubular 

sections [9]. This study aimed to assess the 

protective effects of curcumin on sperm and 

stereological parameters in testes from 

formaldehyde-exposed NMRI mice. 

Materials and Methods 

In this experimental study, 24 male NMRI mine 

aged 6-8 weeks and weighing 30-35 gr were 

studied in 4 groups (n = 6). Group I (control): no 

injection, group ΙΙ: FA (10mg/kg) [10], group ΙΙΙ: 

FA (10 mg/kg)+curcumin (100 mg/kg) [11], and 

group ΙV received curcumin solvent (DMSO, 

2ml/day) [7], intraperitoneally for 35 days. 

The animals were obtained from the animal 

house of Yazd Reproductive Science Institute 

animal house and fed in standard animal chow 

and water. They were kept under a 12-hour light/ 

dark cycle at 20 to 22˚C. 
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Epididymal sperm aspiration and sperm 

analysis 

After 35 days, mice were killed by dislocation of 

cervical vertebrae, and caudal epididymis tissues 

were dissected and placed in 1-ml aliquots of 

Ham’s F10 culture medium that had been 

balanced in an incubator containing CO2. 

Sperms were removed from tissues and placed in 

an incubator containing 5% CO2 at 37˚C for 20 

min. Sperm viability was evaluated using  

Eosin staining. Besides, motility and sperm 

concentrations were determined using a Mackler 

chamber and an optical microscope at ×100 

magnification (Olympus Co. Tokyo, Japan) [12]. 

Motility was graded as progressive, non-

progressive, or immotile. Papanicolaou staining 

was used to evaluate normal morphology and 

100 spermatozoa were counted using a light 

microscope at ×100 magnification [13]. FA and 

curcumin were bought from Merck and Sigma 

(Germany), respectively. 

Lipid peroxidation 

Using malondialdehyde (MDA) kits 

manufactured in Germany according to the Zell 

bio-protocol [14]. So, the R2 and R3 solutions 

and chromogenic reagents were prepared as 

described by the manufacturer. All reagents 

except biological samples were stored at ambient 

temperature. We added 50-μL aliquots of 

reagent R4 to 50-μL samples in tubes heated 

until being clear. Subsequently, 1 ml aliquots of 

prepared chromogen solution were added to each 

sample. Sample mixtures were placed in a 

boiling bin for one hour and then centrifuged at 

3000–4000 rpm for 10 min. Finally, 200-μl 

aliquots of pink supernatant solution were added, 

and sample absorbance was determined using 

enzyme-linked immunosorbent assays (ELISA) 

at 535 nm. MDA concentrations in samples were 

determined according to the absorbance of 

standards [14]. 

Stereological study 

After initial fixation in buffer solution, sections 

of 5 μm were cut using a microtome machine. 

Single sections were randomly selected from  

the first 10, and were placed in sets with the  

10th sections and the sections before and  

after. Selected sections were stained with 

Hematoxylin-Eosin. In each section, three 

microscopic fields were uniformly and randomly 

selected for quantitative analysis of cells.  

The numerical density of Leydig cells and 

spermatogonia were estimated using the physical 

disector method. 

Nv = ∑ Q/N (dis)×V (dis) 

Where ∑Q is the number of cells in each disector 

frame of sampled sections, N(dis) is the sum of 

all counted disector frames, V (dis) is the volume 

of disector frame: V (dis)=A (frame) × h  

Where A (frame) is the known area associated 

with each disector frame and h is the height of 

the section and was equal to the section 

thickness. 

We used counting points that hit the tubule for 

quantifying the areal fraction of the tubule, 

dividing by points hitting the section. For this 

purpose, ten systematic sections and a total point 

of 200 points were counted in each testis. 

V=(p tubules)/ (p testicle (tubule+interstitial 

tissue)) [15] . 

All experimental protocols were approved by 

the Ethics Committee of Shahid Sadoughi 

University  of  Medical  Sciences,  Yazd,  Iran  

(IR.SSU.MEDICINE.REC.1396.103).  
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The Institutional Animal Care and Use 

Committee protocols were followed during 

handling, maintenance, treatment, and 

euthanasia of animals. 

Statistical analysis 

All data were analyzed by SPSS version 20.0 

software (SPSS Inc., Chicago, IL). One-way 

ANOVA was applied to evaluate the data, and an 

LSD post-test was performed to determine  

the difference between the two groups. Two-

sided p<0.05 indicated a statistically significant 

difference between sperm evaluations. 

Results 

Sperm parameters 

In Table 1, according to sperm analysis, sperm 

parameters were presented in terms of cell 

counts (A), progressive (B), non-progressive 

(C), abolished motility (D), viability (E), and 

morphology (F). Significant differences in 

sperm counts, motility, morphology, and 

viability were found between groups I and II 

(p=0.001). These parameters also differed 

significantly between the groups I and III 

(p=0.018, 0.002, 0.001, 0.001, 0.001, and 0.001, 

respectively). There were significant differences 

in counts, motility, viability, and morphology, 

which were identified between the Groups ΙΙ and 

ΙII (p≤0001). There were no significant 

differences in morphology, non-progressive 

motility, or viability between Groups Ι and ΙV 

(Table 1). 

Oxidative stress assessments 

MDA concentrations were significantly lower  

in the control group than in groups II  

and III  (p≤0.001). MDA concentrations were 

significantly increased in group II compared 

with group I, III, and IV (p≤0.001). MDA  

levels were also significantly increased in 

group III compared with groups I, IV and II 

(p=0.001, p=0.976, p=0.001). MDA levels 

were significantly lower in group IV than 

groups II and III (p≤0.001) (Table 1). 

Leydig cell numbers 

Mean numbers of Leydig cells did not differ 

between control and curcumin-treated groups 

(p=0.003, p≤0.001) or between control and sham 

groups. However, mean numbers of Leydig cells 

in groups ΙΙ and ΙΙΙ differed significantly from 

those in the control group. Besides, mean 

numbers of Leydig cells were significantly 

higher in group ΙV than in groups ΙΙ and ΙΙΙ 

(p≤0.001, p=0.006) (Table 2). 

Spermatogonia cell numbers 

Mean numbers of spermatogonia cells differed 

significantly between the control group and 

groups ΙΙ and ΙΙΙ (p ≤ 0.001), but no differences 

were identified between the groups Ι and ΙV. 

In comparing two groups, mean numbers of 

spermatogonia cells were significantly different 

between group ΙΙ and all other groups (p ≤ 0.001) 

(Table 2). 

Surface to volume ratios of seminiferous 

tubules (v) 

Surface to volume ratios of seminiferous tubules 

(v) was significantly higher in the control  

group than in groups ΙΙ and ΙΙΙ (p≤0.001). 

Pairwise comparisons also indicated significant 

differences between group ΙΙ and the other 

groups (Figure 1) (Table 2). 
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Fig. 1. Comparison between 4 groups for surface to volume ratios of seminiferous tubules (v).  

A (control group), B (formaldehyde group), C (curcumin with formaldehyde group), D (sham 

group). (×40) 

SG= spermatogony; LY= leydig 

 
Table 1. The results of sperm parameter analysis and malondialdehyde in the study group (n=4) 

Variable Group Ι Group ΙΙ Group ΙΙΙ Group ΙV P-value 

Sperm count  (106)   35.37 ± 1.68 15.30 ± 4.07 31.83 ± 1.42 35.16 ± 1.12 

≤ 0/001a,d,e 

0/018 b 

0/882 c 

0/025 f 

Progressive motility (%) 57.00 ± 3.68 21.50 ± 2.58 47.33 ± 7.99 57.16 ± 2.85 

≤ 0/001a ,d ,e 

0/002 b 

0/953 c 

0/002 f 

Non-progressive motility (%) 23.00 ± 2.75 50.50 ± 3.67 30.16 ± 3.31 24.33 ± 3.44  

≤ 0/001a,b,d,e 

0/494 c 

0/006 f 

Immotile (%) 7.00 ± 0.89 39.16 ± 5.30 17.66 ± 2.73 9.66 ± 1.63 
≤ 0/001a,b,d,e,f 

0/155 c 

Viability (%) 86.83 ± 3.97 51.33 ± 4.71 69.33 ± 4.58 80.33 ± 5.12 
≤ 0/001a,b,d,e 

0/024 c 

Morphology (%) 60.50 ± 3.08 29.83 ± 3.65 47.83 ± 3.54 58.16 ± 1.94 
≤ 0/001a,b,d,e,f 

0/211 c 

Malondialdehyde (%) 6.67 ± 0.50 16.10 ± 0.58 9.37 ± 1.01 6.66 ± 0.46 
≤ 0/001a,b,d,e,f 

0/976 c 

To analyze data, we used a standard one-way ANOVA test. The mean difference was significant at the 0.05 level. 

All data are presented as mean ± SD 

a: Significant difference between group Ι and II  

b: Significant difference between group Ι and III  

c: Significant difference between group Ι and IV 

d: Significant difference between group ΙI and III 

e: Significant difference between group II and IV 

f: Significant difference between group III and IV 
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Table 2. The results of stereological indices in the study group (n=8) 

Variable Group Ι Group ΙΙ Group ΙΙΙ Group ΙV P-value 

Leydig cell  

number 
1048.00 ± 109.10 523.33 ± 56.19 869.66 ± 73.72 1033.00 ± 113.54 

≤ 0.001a,b,d,e,f 

0.490 c 

Spermatogony 

cell number 
4997.16 ± 210.97 3093 ± 204.60 4227.50 ± 96.59 4789.66 ± 339.58 

≤ 0.001a,b,d,e,f 

0.133 c 

V  86.50 ± 1.51 70.00 ± 1.54 77.33 ± 2.87 85.66 ± 1.96 
0.001a,b,d,e,f 

0.490 c 

V: Surface-to-volume ratios of seminiferous tubule 

To analyze data, we used the standard one-way ANOVA test. The mean difference was significant at the 0.05 

level. All data are presented as mean ± SD 

a: Significant difference between group Ι and II  

b: Significant difference between group Ι and III  

c: Significant difference between group Ι and IV 

d: Significant difference between group ΙI and III 

e: Significant difference between group II and IV 

f: Significant difference between group III and IV 

 

Discussion 

In the present experiment, curcumin, as an 

antioxidant reduced FA-induced damage in 

sperm parameters, including count, moility, 

viability, and stereological indices such as 

Leydig and spermatogonia cell number. Also, 

the surface to volume ratios of seminiferous 

tubules in mice testis improve MDA levels and 

morphology. 

FA induces free radical production in testicular 

structures and negatively influences sperm 

production and sperm parameters [1, 2, 16]. 

Naghdi and co-workers performed a 14-day-

experiment with 10-mg/kg FA injections in 25 

male rats and observed reduced Gonado 

Somatic Index (GSI) values and increased 

percentages of immotile sperm compared with 

the control group [4]. Similarly, Tootian et al. 

observed decreases in body weights and GSI 

index values in rats after 40-day treatments with 

FA at 0.5, 2.5, 5, and 7.5 mg/kg doses [10]. In 

a study by Tajaddini and co-workers, 10 mg FA 

injections reduced testicular weights and  

sperm cell number, mobility, survival, and 

morphology after 14 days in 20 male mice [17]. 

In this study, FA reduced sperm count, 

viability, and progressive motility. It also had 

more morphological effects than other 

treatment groups. It has been shown that 

various doses of FA cause atrophy of testicular 

tubules and abnormal sperm production [18]. 

Vosoughi and colleagues studied the toxic 

effects of FA in 36 adult male mice over 35 

days and showed damaging effects on testicular 

tissues, with decreased sperm count, viability, 

motility, and altered morphology, which agrees 

with the present findings [19]. The numbers  

of Sertoli, Leydig, Myoid, Spermatogonia, 

Spermatocytes and Spermatids can also be 

estimated using stereological methods, which 

provide additional information related to 

tissues’ spatial arrangements cells, and organs 

in testes [9]. Askaripour and co-workers found 

that FA affects the rat reproductive system,  

with decreased serum testosterone levels, 

seminal tube diameters, and sperm parameters, 

such as life span, movement, numbers, and 
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morphologies of sperm cells, and numbers of 

Leydig cells [20]. Our results confirmed the 

inhibition of spermatogenesis and sperm 

characteristics in the FA-treated group. 

Multiple studies show that FA increases the 

production of ROS in non-testicular tissues [17, 

20]. Although higher ROS concentrations in 

testis have been shown to increase germ cell 

apoptosis [21], the mechanisms by which  

FA damages sperm profiles remain poorly 

understood. Nonetheless, high ROS 

concentrations were associated with lipid 

peroxidation in sperm outer membranes, 

leading to loss of motility [17]. Antioxidants 

neutralize cellular ROS under physiological 

conditions, but oxidative stress occurs when 

antioxidant activity is reduced or when ROS 

levels are increased [5]. Curcumin is an 

antioxidant that may reduce oxidative stress by 

reducing ROS production [7]. Curcumin is the 

main active ingredient of turmeric, obtained 

from stems of turmeric plants [22]. ROS levels 

were evaluated in seminal fluids by performing 

MDA assays in the present studied groups. 

These experiments confirmed that FA 

treatments increase ROS production and that 

concomitant curcumin treatments moderate 

these effects. In semen taken from healthy men, 

significant antioxidant contents have been 

demonstrated, but they do not prevent 

malignant and excessive lipid peroxidation. 

However, endogenous antioxidants have been 

shown to prevent excessive formation of 

peroxide [23]. With conflicting data between 

studies, several assumptions exist about  

ROS functions in reproductive health and 

sperm. Increased ROS production inhibits 

phosphorylation of oxonic proteins, resulting in 

defective sperm motility [24]. Therefore, the 

present study’s changes may be due to the 

oxidative damage caused by FA. Sudjarwo et 

al. examined the protective effects of curcumin 

in 40 male mice after 35-day treatments with 35 

mg/kg lead acetate. They concluded that 

curcumin improves sperm parameters (count, 

motility, viability, and morphology) by 

reducing MDA levels, similar to our results 

[25]. Mahmoudi et al. also examined the effects 

of curcumin on rats exposed to sodium 

metabisulfite. They showed that curcumin 

prevented structural damage of testicles and 

improved morphology and numbers of sperm 

cells [26]. In a study done on aflatoxin toxicity, 

Mathuria and co-workers showed that curcumin 

limits lipid peroxidation in mice, particularly in 

testicles which are in agreement with the 

current study [27]. Moreover, Kanter and  

co-workers showed that curcumin reduced the  

risk of testicular damage in 24 diabetic rats  

after 8 weeks of intravenous injections of 

streptozotocin, presumably by reducing 

oxidative stress [7]. Rashid and co-workers also 

showed that injections of 100-mg/kg curcumin 

for 8 weeks protected against cell damage in 

testicular cells from diabetic rats [28]. Also, 

Karbalayi-doust et al. showed improved sperm 

parameters in metronidazole-treated mice after 

16 days with 165 and 500 mg/kg/day doses of 

curcumin [29]. Moreover, Zha et al. found that 

curcumin ameliorates testicular damage, 

oxidative stress, and apoptosis in type 2 diabetic 

rats [30]. Noorafshan and colleagues observed 

changes in structural parameters of tubes and 

numbers of Leydig cells following treatments 
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with curcumin, similar to this study’s findings 

[31]. In this research, the improvement of 

histopathological changes in testis and sperm 

parameters by curcumin in the formaldehyde-

treated group is probably related to its 

antioxidant effect, even though further studies 

are needed [7]. 

Conclusion 

This study showed that curcumin could reduce 

formaldehyde-induced damage to the testis 

structure and sperm parameters, possibly by 

inhibiting oxygen free radicals’ production. 

These results suggest that curcumin is a 

potential therapeutic agent on spermatogenesis 

caused by a testicular injury triggered by FA in 

mice. However, further studies are required  

to investigate the precise mechanism of 

curcumin’s function. 
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