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SUMMARY 
 

A total of 15 mature New Zealand White (NZW) rabbit bucks, aged 6-8 months, weighing about 3.5 Kg were 

divided into three equal groups, control group (G1) that injected subcutaneously with saline solution, while 

bucks in  G2 and G3 were injected subcutaneously with 50 and 100 mg NAC / kg body weight, respectively for 

seven consecutive days. Blood samples were collected at days 8and day 47, and semen characteristics were 

evaluated at day 48. The results revealed that there was a positive effect of NAC on antioxidant status through 

its obvious impact on MDA level that continuously decreased, in G3, from 6.10 to 3.58 nmol/ml, from zero day-

to-day 47.While, G1 recorded continuous increase. Additionally, NAC injection with the dose of 100 mg/kg BW 

succeeded in elevating catalase activity that elevated from 329.8 to 372.4 U/L) on the 8
th
 day compared to its 

levels in zero day. Moreover, H2O2 was insignificantly declined and this decline continued until the day 47 in G3 

(declined from 0.093, at zero day to 0.083 mmol/L, at day 47) with stable level in G2 (0.098 mmol/L, at 8
th

 and 

47 days). No side effects of the NAC injections were detected as confirmed by normal activity of liver enzymes 

(ALT and AST) in rabbits. The same trend was noticed for kidney functions. Additionally, an enhancement of 

semen characteristics due to NAC injections was observed, especially in G3. 
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INTRODUCTION 
 

Oxidative stress, OS (exhaustion of antioxidant 

regulation), can simply defined as the imbalance in 

redox system resulting from producing high levels of 

reactive oxygen species (ROS).  Reproduction is one 

of the biological functions that requires extra energy 

for its activity, which expected to cause generation of 

ROS. Testes are already producing high level of 

ROS, and considered more vulnerable than other 

tissues to OS, which lead to cell damage. 

Accordingly, the intrinsic factors such as the 

incidence of sperm abnormalities (dead sperm and 

immature spermatozoa) may cause an increase in OS 

(Pintus and Ros-Santaella, 2021). The generated ROS 

can attack spermatozoa causing loss of cell 

membrane function. This is due to, the higher 

presidency of polyunsaturated fatty acids (PUFA) in 

spermatozoa cell membrane, who are very sensitive 

to lipids peroxidation (Garcia et al., 2011). Besides 

that, the extrinsic factors like climate change, the way 

of sperm handling and storage are also associated 

with increasing ROS production that impair 

fertility(Pintus and Ros-Santaella, 2021). Using 

antioxidants can eliminate the negative impact of OS 

on male fertility; one of these antioxidantsis N-

acetylcysteine (NAC).As previously proved by 

Mohammadi-Sardoo et al. (2018) who stated that, 

NAC had protective effect on male rat testes from 

fungicides, by modifying ROS expression. 

The NAC has developed since1960s;it is a 

commercial product, available in pharmacies, its 

main use is for human respiratory diseases. Actually, 

most of studies dealt with NAC from a therapeutic 

point of view. Such as, Cam et al., (2008), who tested 

NAC in rabbits, to treat them from aflatoxins (AF), 

using higher doses 250 and 500 mg NAC /kg body 

weight (BW) for five days. They reported that, NAC 

succeeded in reducing liver damage caused by AF 

compared to untreated group, and these doses of 

NAC did not caused any side effects. Several 

approaches for improving reproductive and 

productive performance of rabbits by using different 

antioxidant materials, but utilizing NAC was rare. To 

date, may be the only available research work was 

conducted by Ashour et al. (2018). 

Therefore, the present study was executed to 

examine and evaluate the protective effect of N- 

acetylcystein on health status including antioxidant 

markers, liver and kidney functions. In addition, to 

assess the semen characteristics of NZW rabbits 

during breeding season in Egypt. 
 

MATERIALS and METHODS 
 

Ethical approval: 

The experimental work was carried out in the 

Rabbitry Unit located in Laboratory of Animal 

Physiology, Faculty of Agriculture, Cairo University 

in cooperation with Animal Production Research 

Institute (APRI), Agricultural Research Center 

(ARC). All experimental procedures had been 

conducted according to ethical rules of both 

aforementioned governmental entities.  
  

Place of work and animals: 

The experimental work was carried out in the 

rabbitry Unit located in Laboratory of Animal 

Physiology, Faculty of Agriculture, Cairo University. 
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Fifteen mature NZW rabbit bucks aged between 6-8 

months with an average of body weight (BW) 

3521±18.40g were used in this experiment. Bucks 

were in a good health and no signs of abnormalities 

were observed (Photo, 1). All bucks were kept in 

semi-closed wire cages under the same managerial 

conditions. Rabbits were fed commercial pellet diets 

that satisfied their nutritional requirements according 

to the recommendations of APRI. These diets 

provided 18% crude protein, 13.4% crude fiber and 

digestible energy of 2500 kcal/ kg diet and having 

free water access.   

The animals were divided into three equal groups 

(five bucks in each group). The first one considered 

as control group (G1) that injected subcutaneously 

with saline solution. The other two groups G2 and G3 

were injected subcutaneously with 50 and 100 mg 

NAC/kg body weight (BW), respectively. The 

injections were lasted for seven consecutive days 

based on San-Migual et al., 2006. The whole 

experiment was lasted for 96 days continuously 

during breeding season in Egypt starting from 

January to beginning of April. 
 

Blood sampling and analysis: 

Before starting saline and NAC injections (zero 

day), blood samples (3 ml) were collected from each 

buck in all groups from marginal ear vein in 

heparinized tubes. Then, the samples were 

centrifuged to separate blood plasma and kept frozen 

under 20°C until analysis. Following that, blood 

samples were collected at days 8
th 

(after end of NAC 

injection by one day) and on day 47 (before semen 

collection by one day), (Fig., 1). The frozen plasma 

was used to determine antioxidant biomarkers 

including total antioxidant capacity (TAC, mmol/L), 

Malondialdehyde (MDA, nmol/mL), catalase (CAT, 

U/L) and Hydrogen peroxide (H2O2 mmol/L).  

Activity of liver enzymes, aspartate 

aminotransferase (AST, U/L) and alanine 

aminotransferase (ALT, U/L) were determined as 

indicator of liver functions. Whereas, kidney 

functions, both concentration (mg/dl) of blood urea 

nitrogen (BUN) and creatinine (CR) were also 

quantified. All the analyzed parameters had been 

done using kits supplied from Bio-Diagnostic 

Company, Dokki, Giza, Egypt. All analytical steps 

were executed according to the procedures outlined 

by the manufacturer. 

 

 

Semen processing: 

Bucks were well trained for semen collection 

using mature doe before starting the experiment. 

Semen was collected twice a week, in the morning at 

8 a.m., from each buck in each group. The collection 

applied using artificial vagina (AV) and rabbit doe 

that inserted to buck cage until complete ejaculation

 

Figure 1. Experimental design of injected NZW rabbit bucks with NAC. 
 

Semen characteristics: 

Ejaculate volume and sperm cell concentration: 

Ejaculates (n = 15, 5 bucks in each group) were 

pooled to avoid individual animal differences. Then 

semen volume had been calculated using graduated 

insulin syringe after removing gel mass. After that, 

semen was maintained in water bath (37°C) and 

transfer to laboratory with special attention and 

handling from direct light or heat shock (cold or hot) 

to evaluate semen characteristics. Haemocytometer 

was used to determine the sperm cell concentration 

(10
6
/ml) according to the method described by 

Sorensen (1979). 
 

Plasma membrane integrity: 

Plasma membrane integrity (%) was determined 

using Hypo-Osmotic Swelling Test (HOST) 

Photo 1. New Zealand White rabbit bucks.  
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according to the method described by Jeyendran et al. 

(1984). A minimum of 200 sperm were checked 

under phase contrast microscopy (400x). Sperm 

storage displaying different types of swelling (coiling 

of tails) were considered as positive for the HOST. 

Percentage of hypo osmotic sperm swelling was 

calculated as the total number of spermatozoa with 

coiled tails / total number of sperm (coiled and 

normal tails) X 100. 
 

Assessment of acrosome status: 

Assessment of acrosome status of spermatozoa 

was executed according to the procedure outlined by 

Watson (1975). The percentage of intact acrosome 

was calculated for 200 spermatozoa selected 

randomly from each slide as number of intact 

spermatozoa / total number of checked spermatozoa 

X 100. Integrity status of spermatozoa was classified 

into three categories: intact (when the stain was 

clearly distributed over the anterior part of the sperm 

head to the equatorial segment), partially damaged 

(when the stain partially covered the acrosome 

region) and completely damaged (sperm with 

acrosome completely lost) when the sperm had no 

acrosome. 
 

Sperm motility: 

Sperm motility for control and treated groups 

were evaluated by CASA system (SpermVision™ 

software minitube Hauptstraße 41. 84184 Tiefenbach, 

Germany). The motion characterization was recorded 

including: distance curved line (DCL, µm), distance 

average path (DAP, µm), distance straight line (DSL, 

µm), velocity curved line (VCL, µm/sec), velocity 

average path (VAP, µm/sec), velocity straight line 

(VSL, µm/sec), linearity (LIN=VSL/VCL), 

straightness (STR=VSL/VAP), wobble 

(WOB=VAP/VCL), beat cross frequency (BCF, Hz) 

and amplitude of lateral head displacement (ALH, 

µm). the analysis was carried out by diluting 20 µl of 

semen with 280 µl of rabbit semen extender 

(consisted of 250 mM tris-hydroxy 

methylaminomethane, 83 mM citric acid and 50 mM 

glucose). 
 

Statistical analysis: 

The collected data were subjected to two way 

analysis of variance to detect the effects of 

treatment(T) and time of collecting blood samples 

(TBS) and their interaction (T*TBS) using the 

general linear model (GLM) procedure of SAS, 1999.  

The statistical model used was as follows:  

Yijk= μ + Ti + TBSj+(T*TBS)ij + eijk  

Where: Yijk= the individual observation, μ = The 

overall mean, Ti= The fixed effect of the i
th

 

treatments (i= 1,2,3, where 1= G1; 2= G2, 3= G3), 

TBSj = the fixed effect of the j
th

 time of blood 

samples (j=1, 2, 3, where 1= zero day, 2= the 8
th

 day, 

3= day of 47), (T*TBS) ij = Effect of interaction 

between i
th

 and j
th

 (ij =1,……..9), eijk= Random error 

associated with the individual. 

The collected data of CASA parameters and 

semen characteristics were subjected to one-way 

analysis of variance to detect the effect of treatment 

with NAC.  

The statistical model used was as follows:  

Yij= μ + Ti + eij  

The differences among treatments, time and 

interaction means were separated according to 

Duncan's Multiple Range Test (Duncan, 1955). The 

significance level was set at 5%. 
 

RESULTS and DISCUSSION 
 

Antioxidant biomarkers: 

Total antioxidant capacity: 

There were insignificant differences among all 

groups either affected by T of TBS or by their 

interaction as shown in Table (1). However, the 

treated groups (G3 followed by G2) were slightly 

higher in TAC values than those in G1. 

Regarding the effect of NAC doses T and TBS, 

which showed that all values were in close to each 

other in all TBS. In addition, the interaction between 

the two factors (T and TBS) revealed that, G3 have 

noticeable increase in TAC level at day 47. It was 

higher than that its value in pre-and post NAC 

injection by 23%. Bucks in G2 showed lower 

(14.2%) TAC value at the day of 47 than that 

recorded at the 8
th

 day.  However, in G1, TAC had 

higher level by 26.4% at day 47 than that at 8
th

 day. 

Actually, TAC can be defined as, the ability of a 

compound to inhibit oxidative degradation of lipids 

that started with formation of conjugated dienes and 

triense, known as primary oxidation product due to 

abstraction of hydrogen atom (Chaiyasit et al., 2007).  

Therefore, increasing TAC values are valuable and 

important indicatorthat reflect the reduction in OS in 

blood (Abdelnour et al.,2021). 

The present data were higher than that reported by 

El-Hammady et al.,(2017), who found that TAC level 

was 0.66 and 0.57 mmol/L in V-line and Moshtohor 

rabbits, respectively. The same trend was found by 

Abdelnour et al. (2021), who recorded 0.82 mmol/L 

for TAC in APRI rabbits. These differences may be 

attributed to the treatment they used or breed 

differences or management conditions. 
  

Malondialdehyde: 

Values of MDA in G2 were obviously lower 

(P˂0.05) than those in G1 and G2, whereas the 

differences between G1 and G3were insignificant 

(Table 1)  

In G1, levels of MDA were higher (P˂0.05) than that 

in G2 by 66.8% and insignificantly than that in G3 by 

3.9%. This result indicates that, the injectable dose of 

50 mg NAC/kg BW was more effective in reducing 

MDA concentration than G3 (Table 1).  
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Table 1. Total antioxidant capacity(TAC) and malondialdehyde (MDA) levels in blood plasma of NZW rabbit 

bucks as affected by N-acetylcysteine injection 

Items TAC  mmol/L     MDA nmol/mL 

Treatment (T, NAC doses)  

G1 0.97 5.09
a 

G2 1.06 3.05
b 

G3 1.11 4.9
a 

S.E 0.07 0.43 

Time of collecting blood samples (TBS)  

Day zero 1.03 4.43 

Day 8 1.01 4.29 

Day 47 1.11 4.42 

S.E 0.07 0.43 

Interaction (T ×TBS ) 

 G1 G2 G3 G1 G2 G3 

Day zero 0.97 1.10 1.03 4.27
abc 

2.90
bc 

6.10
a 

Day 8 0.87 1.13 1.03 4.86
ab 

2.69
c 

5.30
ab 

Day 47 1.10 0.97 1.27 6.13
a 

3.55
bc 

3.58
bc 

S.E 0.12 0.12 0.12 0.75 0.75 0.75 
a, b,c  Means in the same column with different superscripts are significantly different (P<0.05). G1= control group; G2 and G3 = groups 

injected with 50 and 100 mg N-acetylecysteine (NAC) / kg body weight, respectively. 
 

Results of TBS revealed that, values of MDA 

were almost close to each other in the three times. 

Meanwhile, the interaction revealed an important 

result, in which, MDA was very high before NAC 

injection (zero day) in G3 compared to the other two 

groups. It reached to 6.10 nmol/mL and then 

decreased at the 8
th

day by 13%. Then, continued in 

decreasing (P˂0.05) at day 47, reached to 3.58 

nmol/mL. This finding cleared the efficient role of 

100 mg NAC/kg BW in declining level of MDA 

from zero day to day 47 by 41.3%. In comparison 

with G2, level of MDA concentration was reduced 

only from zero day to the 8
th

 day by 7.2% only, then 

returned again to be higher (3.55 nmol/mL) at the day 

47 than its level at zero day. These results confirmed 

the capability of the injectable dose100 mg NAC/kg 

in reducing MDA level, the main product of lipid 

peroxidation that occurs due to OS, than the dose of 

50mg/kg BW. Moreover, MDA level in G1 was in 

continuing elevation and recorded its highest level 

(6.13 nmol/mL) at the day 47. Owing to the effect of 

TBS, values of MDA in G1 showed opposite trend to 

those in G3. The values in G1 were increased 

ascendantly with advancement of time, whereas those 

in G3 were decreased deascendantly with 

advancement of time (Table, 1).  The current results 

are completely in accordance with Ashour et al. 

(2018), who concluded that, the dose of 100 mg/kg 

BW is more efficient in supporting antioxidant status 

in rabbits.   
 

Catalase activity and levels of hydrogen peroxide: 

Injection of NAC caused an increasing in CAT 

activity insignificantly in treated bucks (G2 and G3) 

than those in G1. CAT values in G3 that over passed 

G2 and G1 by 6% and 15.5%, respectively.  Also, G2 

had more CAT activity than that in G1 by 8.9%. 

These results agree with those of Eraslan et al. (2005) 

and Wang et al. (2015), who stated that, NAC is a 

protective element against oxidative damage through 

its favorable effect on CAT activity. It is well 

established that, CAT is the key enzyme in providing 

cell self-defense against H2O2, through using iron and 

manganese as cofactors in catalyzing H2O2 to H2O 

and O2. Actually, CAT has a great ability in breaking 

down million of H2O2 molecules that formed during 

oxidation of fatty acids. Regardless theeffect of T, 

CAT activity was lower at zero day than that at the  

8
th

 day by 15.4 %, with a little reduction in its 

activity at the day 47. The interaction between T and 

TBS was strongly cleared the positive role of NAC 

on CAT activity that elevated especially in G3, from 

329.8 to 372.4 U/L at the 8
th

 day compared to its 

levels in zero day, and higher than that in G1 and G2. 

Nevertheless, at day 47, CAT activity declined to be 

less than that recorded at the 8
th

 day in G3, while it 

had a continuance elevation in G2, recording higher 

level (378.6 U/L) than the other groups. Whilst,G1 

showed opposite trend, which recorded continuance 

decline in CAT activity from zero day to the day 47. 

Therefore, this positive impact of NAC on CAT 

activity was reflected on the levels of H2O2,that 

significantly declined in treated groups (G2 and G3) 

than in G1.The decline rate is elevated with 

increasing NAC dose (G3, which recorded the lowest 

value for H2O2) as shown in Table (2). The 

interaction between T and TBS donated that, after 

injecting the experimental groups with NAC, H2O2 

was insignificantly declined, and this decline  

continued until the day 47 in G3 with stable level in 

G2. On the other hand, in G1, level of H2O2 was 

significantly elevated after injecting with saline; this 

elevation may be attributed to the stress of injection. 

However, on day 47, H2O2 recorded its lowest value 

(0.087 mmol/L) in comparison with its level at zero 

and 8
th

 days. Our findings are in accordance with 

those of Ashour et al. (2018) who also confirmed the 

protective role of NAC against OS. The 

aforementioned results, confirmed the ability of 

NAC, especially the dose of 100 mg NAC/ kg BW in 

improving antioxidant status in rabbit bucks. Due to 

its positive impact on TAC and reducing MDA 
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levels. Moreover, enhancing activity of CAT thus reducing levels of H2O2.    
 

Table 2. Catalase (CAT)activity and hydrogen peroxide (H2O2) levels in blood plasma of NZW rabbit bucks as 

affected by N-acetylcysteine injection 

Items CAT (U/L) H2O2(mmol/L) 

Treatment (T, NAC doses) 

G1 309.04 0.116a 

G2 336.59 0.100b 

G3 357.04 0.087c 

S.E 31.69 0.004 

Time of collecting blood samples (TBS) 

Day zero 308.5 0.111a 

Day 8 364.7 0.103a 

Day 47 329.5 0.089b 

S.E 31.7 0.004 

Interaction (T ×TBS ) 

 G1 G2 G3 G1 G2 G3 

Day zero 397.3 306.6 329.8 0.112b 0.104bc 0.093bcd 

Day 8 288.9 324.4 372.4 0.150a 0.098bcd 0.086cd 

Day 47 240.9 378.6 368.9 0.087cd 0.098bcd 0.083d 

S.E 54.9 54.9 54.9 0.006 0.006 0.006 
a, b,c  Means in the same column with different superscripts are significantly different (P<0.05). G1= control group; G2 and G3 = groups 
injected with 50 and 100 mg N-acetylecysteine (NAC) / kg body weight, respectively. 

 

Liver enzymes: 

 The injectable dose of 100 mg/kg BW markedly 

reduced (P˂0.05) ALT activity as in G3 than those in 

G1 and G2, which showed insignificant difference 

between them. The obtained values of  ALT activity 

in G3was within normal range (6-9 U/L) as reported 

by Özkan et al. (2012), while in G1 and G2, ALT 

activity was exceeded the upper limit of 

recommended range. The effect of TBS recorded a 

reduction (P˂0.05) in ALT activity by 33% at the 8
th
 

day. However, at day 47, ALT activity was elevated 

to higher value than that on the 8
th

 day. This was 

much obvious in interaction between T and TBS that 

revealed insignificant decline in activity of ALT in 

G2 and G3 at 8
th

 day, while there was a significant 

reduction in G1.Then, ALT activity increased in G1 

and G3 before starting semen collection by one day 

(day 47) than that in 8
th

 day. The opposite trend was 

noticed in G2 that showed further decline in ALT 

activity on the day 47. 

With regard to the effect of T, AST activity 

showed the same trend of ALT. Both enzymes 

activity ascertained that, high dose of NAC (100 mg 

/kg BW) was more effective than that of low dose (50 

mg /kg BW) in reducing liver enzymes (Table 3).   

All AST values were within normal range (10-98 

U/L) according to Verga (2002). The lowest value of 

AST activity was noticed in G3 that significantly 

(P˂0.05) differed than G2 and insignificantly differed 

than G1. Concerning the effect of TBS, the allover 

mean of AST showed lower value (26.33 U/L) after 

ending NAC injection by one day. Then elevated on 

day 47. Actually, the interaction between T and TBS 

showed fluctuation in AST activity in times of pre – 

and post NAC injection. While at day 47, AST values 

were higher than the two other periods (pre and post 

NAC injection). The present data are in harmony 

with Ashour et al. (2018) who illustrated the safety of 

using NAC on liver enzymes in rabbits.   

In 2006, San-Migual et al. (2006) used rabbits as 

an animal model to test the ability of NAC to treat 

hepatic failure. They injected the animal daily for 7 

days with 150 mg NAC / kg BW. These rabbits were 

infected with hemorrhagic disease virus (RHDV, 

which cause hepatic damage). They found that NAC 

prevent the abnormal increases in ALT and AST in 

injected rabbits than the un-injected ones. They 

attributed that to, NAC is blocking apoptosis induced 

by cytotoxic agents and protecting liver cells from 

damage.  So, from their study and the present data, 

NAC has no side effect on liver enzymes (ALT and 

AST, an indicator for liver cells damage). 

Additionally, all values of AST and ALT (in the 

current study),are fallen in normal range and did not 

reach to the upper limits of their normal range. 
 

Kidney functions: 

There were no significant differences in both 

BUN and CR concentrations in control (G1) and the 

other treated groups (G2 and G3) by the two doses of 

NAC. This indicated that, NAC injections had no 

harmful effects on kidney functions as ascertained by 

the obtained normal physiological values in this 

study.  

As shown in Table (4), all the obtained values of 

BUN were within normal range (36.84 – 50.28 

mg/dl) as stated by Verga (2002). In G1 and G2, 

BUN values were almost similar to each other, while 

G3 showed a slight elevation in BUN concentration 

(42.62 mg/dl) than the other two groups. 

Furthermore, data of TBS revealed a slight 

significant elevation in BUN at the day 47 than its 

level at zero day. The interaction T and TBS showed 

insignificant increase in BUN in G1 and G2 at the 8
th

 

day than that found in zero day. While G3, showed 

stable levels in the same periods. Likewise, a 

significant increase in BUN at day 47 was also 

observed inG1 and G3in comparison with its levels 
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pre-injections. Earlier, Ashour et al. (2018) pointed 

out to the factors affecting BUN. For instance, 

quality of feeds, protein concentration in the diet and 

feed restriction. The present data are in close to that 

reported by Ashour et al. (2018) who used two doses 

of NAC (50 and 100 mg/kg). They supported our 

current study and confirmed that NAC injection did 

not cause any abnormal elevations in BUN and may 

have positive impact on renal functions through 

excreting urea in urine.  

Concerning CR, its values were fallen within 

normal range (0.5-2.5 mg/dl) as reported by Verga 

(2002). As for treatment effect, G3 recorded 

insignificant increase than G1 and G2. Regardless 

groups, TBS cleared that, NAC reduced CR 

concentration by 5.7% at the 8
th

 day. 

But, on the day 47, CR retained to increase reached 

to 1.94 mg/dl. The interaction between NAC doses and 

TBS clarified that, CR in G3 declined by 20% at the 8
th
 

day than that in zero day. The opposite was noticed in 

G2, NAC injection caused elevation in CR 

concentration by 35.6%, but still within normal range, 

than that recorded before one day of the treatment. In 

the present study, CR was approaching to the upper 

limit of normal range may not be caused by NAC 

injection. Because, Cam et al. (2008)used higher NAC 

(250 and 500 mg/kg BW) doses that intramuscularly 

injected in rabbits than we used, and found that CR level 

was ranged between 0.57 – 0.73 mg/dl, which did not 

reach to upper physiological limits. Also, the same 

results were found by Atef et al. (2016). Additionally, 

Ashour et al. (2018) who used same doses as we used in 

the present study and recorded that CR was ranged from 

0.88 to 0.91 mg/dl.  
 

 

Table 3. Activities (U/L) of alanine amino transaminase (ALT) and aspartate aminotransaminase (AST) and) in 

blood plasma of NZW rabbit bucks as affected by N-acetylcysteine injection 

Items ALT AST 

Treatment (T, NAC doses) 

G1 11.00a 27.83ab 

G2 10.67a 30.00a 

G3 8.67b 25.67b 

S.E 0.62 0.92 

Time of collecting blood samples (TBS) 

Day zero 12.00a 27.17b 

Day 8 8.00b 26.33b 

Day 47 10.33a 30.00a 

S.E 0.62 0.92 

interaction (T ×  TBS) 

 G1 G2 G3 G1 G2 G3 

Day zero 13.0a 13.0a 10.0ab 29.5b 26.5b 25.5b 

Day 8 7.00b 10.0ab 7.00b 25.0b 28.5b 25.5b 

Day 47 13.0a 9.00b 9.00b 29.0b 35.0a 26.0b 

S.E 1.07 1.07 1.07 1.6 1.6 1.6 
a, b,c  Means in the same column with different superscripts are significantly different (P<0.05). G1= control group; G2 and 

G3 = groups injected with 50 and 100 mg N-acetylcysteine (NAC) / kg body weight, respectively. 

 

Table4. Blood urea nitrogen (BUN) and creatinine (CR) concentrations (mg/dl) in  

blood plasma of NZW rabbit male as affected by N-acetylcysteine injection 

Items BUN CR 

Treatment (T, NAC doses) 

G1 41.85 1.86 

G2 41.48 1.84 

G3 42.62 2.02 

S.E 0.62 0.12 

Time of collecting blood samples (TBS) 

Day zero 40.57b 
1.94 

Day 8 42.03ab 
1.83 

Day 47 43.35a 
1.94 

S.E 0.62 0.12 

Interaction (T × TBS ) 

 G1 G2 G3 G1 G2 G3 

Day zero 39.25c 41.00bc 41.45bc 
2.07 1.57 2.20 

Day 8 42.85abc 42.00abc 41.25bc 
1.60 2.13 1.76 

Day 47 43.45ab 41.45bc 45.15a 
1.90 1.83 2.10 

S.E 1.07 1.07 1.07 0.21 0.21 0.21 
a, b,c  Means in the same column with different superscripts are significantly different (P<0.05). G1=control group; G2 and 

G3= groups injected with 50 and 100 mg N-acetylecysteine (NAC) / kg body weight, respectively. 
 

  



Egyptian J. Anim. Prod. (2022) 127 

Semen characteristics: 

Tables (5) and (6) clarified the enhancement in 

most of semen characteristics and motility due to 

NAC injection, especially with the dose of 100 mg 

NAC/Kg BW.  

The G3 has shown the noticeable improvement in 

semen volume, they produced by 7% and 22 % ml 

more semen than G1 and G2, respectively. In all 

groups, semen volume is considered normal, and at 

the optimum level for rabbits. McNitt et al. (2013) 

stated that, semen volume in NZW bucks is ranged 

between 0.4 -1.5 ml with an average 0.7 ml. So, the 

recorded value for semen volume in G2 do not 

considered as abnormal, but it is lower than the G1 

and G3. 

Taken together, semen samples of G3 contained 

much spermatozoa concentration (415×10
6
/ml, Table, 

5) than that in the other groups, especially with G2 

that recorded the lowest value of spermatozoa 

concentration. This indicates that, the dose of 100 mg 

NAC /Kg BW may help testis to produce more semen 

volume with standard spermatozoa concentration.  

Interestingly, rabbit testis can produce up to 300 

×10
6
/ml (150 ×10

6
/ml, in average). This amount of 

spermatozoa is depending on breed, if bucks were 

recently used and stimulation level for semen 

collection. Bucks in all groups of this study, 

produced more spermatozoa concentration than the 

above mentioned value. This is indicating to the 

suitable environmental and managerial conditions, 

beside the effect of NAC treatment, that were 

provided for these bucks.  

In the current study, plasma membrane intactness 

obtained the highest percentage in G3 followed by 

G2 and both are insignificantly slightly higher than 

that in G1. Definitely, plasma membrane intactness is 

highly correlated with sperm motility (will discuss 

later). Because, any damage in plasma membrane 

will result in rapid leakage of intracellular ATP that 

required to maintain sperm motility (Kordan et al., 

1998).  

In the same context, Ducci et al. (2002) illustrated 

that plasma membrane integrity is important to 

sustain sperm viability and functions. Because, this 

membrane is responsible in transporting the essential 

compounds that are required for sperm to perform its 

functions. Same results have been tabulated for 

acrosomal integrity, which was higher in treated 

groups than that in G1. Moreover, G3 obtained the 

best lower percentage in partial damage in 

comparison with the other groups. Whilst, G2 was 

the best in having lower sperm complete damage 

when compared with G1 and G3 (Table 5). 

The quantitative CASA analysis of sperm motility 

as presented in Table (6) showed the significant 

effect of 100 mg NAC /Kg BW in improving sperm 

total motility and progressive motility. Additionally 

an observed increasing in sperm distance parameters 

(DAP, DCL, DSL) and in sperm fertilizing ability 

(velocity parameters; VSL, VAP, VCL) compared 

with the corresponding groups.  

Inspection of spermatozoa motility (total and 

progressive motility) showed increasing trend 

(P˂0.05) in G2 and G3 when compared to G1, and 

the highest motility(%)parameters were observed in 

G3. With respect to distance parameters (DAP, DCL, 

DSL), these parameters were significantly elevated 

with increasing the injectable dose of NAC. The 

groups of G2 and G3 were higher (P˂0.05) in their 

distance parameters than that in control group. Also, 

the NAC injections led to elevate VAP in G3 

followed by G2 to be higher than that in G1. This 

indicates that, sperm in treated groups can travel 

faster along their average path, as described by Solter 

et al. (2006). Same trend towards increasing was 

recorded for VCL which was higher in G3 than G1 

by 11% and in G2 than G1 by 10 %. Katebi et al. 

(2005) described VCL parameters as an index of 

swimming speed and in other words, the total 

distance between adjacement point divided by time 

elapsed. Larsen et al. (2000) stated that, when VCL 

parameter is ˃ 25 µm/s could be used as predictor for 

enhancement of natural conception. It was expected 

that the distance between the first and final tracked 

point (VSL) also increased in treated groups than the 

untreated one. The parameters of VSL and VAP 

could be a bio-indicator of sperm fertilizing capacity 

as clarified by Solter et al. (2006). Meanwhile, those 

parameters of STR, LIN, WOB were slight higher in 

G1 than that in G2 and G3. Taken together, the 

decrease in STR and LIN parameters in treated 

groups means, the sperm of treated groups follow as 

less linear (more curved) than those of the control 

one (Solter et al. (2006). The ALH (measuring the 

ability of sperm to penetrate cervical mucus and fuse 

with oocyte, Solter et al., 2006) was higher in G2 

then G3 and both were higher than its level in G1. 

However, G3 and G1 were almost have similar BCF, 

the fertility predictive value as defined by Larsen et 

al. (2000), and were higher than that in G2.  

Briefly, the present data elucidated that NAC has 

ability in enhancing semen volume, sperm 

concentration, plasma membrane intactness, sperm 

motility parameters (distance and velocity 

parameters) with increasing sperm ability and fusing 

with oocyte. All these improvements could be related 

to NAC effect on enhancing redox system via 

increasing TAC, CAT and reducing MDA and H2O2 

in blood as recorded and discussed in aforementioned 

tabulated data of this study. This is totally agree with 

Gallo et al. (2018),who stated that, NAC ability in 

reducing OS is mediated via protecting mitochondrial 

membranes from decay and reducing level of OS. 

Same accordance is with Jannatifar et al. (2019) who 

recorded improvements in semen volume (by 11%), 

total motility (by 12.8%) and sperm concentration 

(by 9.7%), and they attributed these enhancements to 

ability of NAC modulation of mitochondrial activity.  

Many studies examined NAC on semen quality in 

different species, but as far as we know the present 

study may be the first one to test impact of NAC on 

rabbit semen characteristics. For example, 

Safarinejad and Safarinejad (2009) treated 468 
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infertile men with 600 mg NAC/day for 26 weeks 

and compared its effect with selenium. They found 

that, NAC treatment caused an elevation in sperm 

count, motility and no abnormalities in sperm 

morphology were observed. Avdatek et al. (2018) 

administered rats 160 mg NAC / Kg BW daily for 8 

weeks. They found that, NAC increases sperm 

motility and plasma membrane integrity. They 

attributed their results to ability of NAC in quenching 

OS and reducing DNA damage that resulted from 

OS. Furthermore, Rafiee and Tabei (2021) tested 

NAC impact on men fertility that suffered from 

COVID-19 by giving them oral administration 600 

mg NAC/ day for three months. Those men were 

suffered from a reduction in sperm volume, 

concentration and motility and abnormalities in 

sperm morphology. They recorded a noticeable 

enhancement in sperm concentration and volume and 

they confirmed that, NAC has the powerful to 

enhance and sustain the redox system to reduce ROS 

levels that impairs sperm functions and morphology. 

In buffalo, El-Nagar et al. (2021) confirmed our 

finding in the present study. They mentioned that, 

NAC has a protective effect through in reducing the 

harmful damage that caused by OS, by elevating 

TAC and reducing lipid peroxidation. They observed 

improvements in semen quality due to NAC 

administration. These improvements included; 

ejaculate volume, sperm concentration, motility and 

morphology. Additionally,  Partyka et al. (2015) 

found after 24 h of chicken semen storage at 5°C 

with 15 mM of NAC which increased (P< 0.05) the 

percentage of motile, progressive motile and rapid 

spermatozoa and also increased the VAP, VSL, VCL, 

STR and LIN values. It was found that, 

administration of NAC increased the ALH value. It is 

well known that NAC, a derivative of amino acid L-

cysteine, is mainly used as an antioxidant in semen 

extenders in chicken (Partyka et al., 2015) during 

liquid storage. Comhaire et al. (2000) found that 

NAC increased sperm concentration and acrosome 

reaction while reducing ROS and oxidation of sperm 

DNA in men. 

 

Table 5. Semen characteristics as affected by N-acetylcysteine (NAC) injections 

during spermatogenesis of  NZW rabbit males 

Parameters G1 G2 G3 

Volume 

Concentration (10
6
/ml) 

Plasma membrane Intactness % 

0.71 ± 0.08 

380.5 ± 51.5 

 

84.0 ± 1.6 

0.62 ± 0.07 

354.4 ±51.5 

 

84.5± 1.6 

0.76± 0.09 

415.0 ± 51.5 

 

85.8 ± 1.7 

Dis Intact % 15.9 ±1.6 15.4 ± 1.6 14.1 ± 1.7 

Acrosomal integrity % 

Partial damage % 

Complete damage % 

87.3 ± 0.6 

9.0 ±  0.5 

3.5 ± 0.2 

88.0 ± 0.5 

8.8±  0.5 

3.0 ± 0.2 

88.7 ± 0.7 

8.1 ± 0.6 

3.4 ± 0.3 
No significance differences were recorded among the three groups   
 

Table 6. Sperm motility traits as affected by N-acetylcysteine (NAC) injections during 

spermatogenesis of  NZW rabbit males 

Parameters 
Control 

(n = 196) 

50 mg 

(n = 198) 

100 mg 

(n = 199) 

Total motility (%) 87.5
b
 ± 0.4

 
 89.8

a
 ± 0.4

 
 90.8

a
 ±  0.4

 
 

Progressive motility (%) 75.8
c
 ± 0.5

 
 79.7

b
 ± 0.5

 
 82.5

a
 ± 0.5

 
 

DAP (µm) 29.7
 c
 ± 0.3 31.0

b
 ± 0.27

 
 32.3

a
 ± 0.3

 
 

DCL (µm) 57.2
b
 ± 0.7 62.0

a
 ± 0.7

 
 63.2

a
 ±  0.7

 
 

DSL (µm) 23.0
b
 ± 0.3  23.0

b
 ± 0.3

 
 25.0

a
  ± 0.3

 
 

VAP (µm/s) 67.3
c
 ±  0.6  71.4

b
 ± 0.6

 
 73.4

a
 ± 0.6

 
 

VCL (µm/s) 129.1
b
 ± 1.4  142.2

a
 ±  1.4

 
 143.3

a
 ± 1.4

 
 

VSL (µm/s) 52.3
b
 ± 0.7  53.2

a
 ± 0.7

 
 56.9

a
 ± 0.7

 
 

STR (%) 77.1
a
  ± 0.5  73.9

b
 ± 0.5

 
 76.7

a
 ± 0.5

 
 

LIN (%) 40.8
a
 ± 0.5

 
 37.3

b
 ± 0.5

 
 39.8

a
 ± 0.5

 
 

WOB  0.52
a
  ± 0.0

 
 0.50

b
 ± 0.0

 
 0.51

a
 ± 0.0

 
 

ALH (µm) 4.9
c
 ± 0.1

 
 5.7

a
 ± 0.1

 
 5.3

b
 ± 0.1

 
 

BCF (Hz) 31.3
a
 ± 0.3

 
 29.4

b
 ± 0.3

 
 31.4

a
 ± 0.3

 
 

DAP: Distance Average Path (microns); DCL: Distance Curved Line (microns); DSL: Distance Straight Line (microns); 

VAP: Velocity Average Path (microns/sec); VCL: Velocity Curved Line (microns/sec); VSL: Velocity Straight Line 

(microns/sec); STR: Straightness (VSL/VAP); LIN: Linearity (VSL/VCL); WOB: Wobble (VAP/VCL); ALH Amplitude of 

Lateral Head Displacement (microns); BCF: Beat Cross Frequency (H2), 
a,b Means having different superscripts within the 

same row differ significantly (P<0.05)  
 

CONCLUSION 
 

NAC is non-enzymatic antioxidant, it is highly 

recommended to be used at dose of 100mg NAC / kg 

BW. That achieved important role in supporting 

antioxidant system (TAC, MDA, CAT, and H2O2, as 

found in the current study). With no side effects on 

both liver and kidney functions, which confirm its 

safety use. Moreover, its important effect on semen 
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characteristics, such as, the recorded enhancement in 

sperm volume, concentration, and motility 

parameters.  
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التأثير الىقائي لمركب إن أستيل سستيه ضذ الإجهاد التأكسذي وعلاقته بخصائص السائل المىىي في الأراوب 

 البيضاءالىيىزيلىذي 
 

سماح محمد عبذ الرحمه
1

، جمال عاشىر 
2

، وهي محمىد عبذ العظيم
1

، صفاء عطايا بركاث
1

، شريف دسىقي
2

، جمال كامل محيسه 
2 

 

 جامعت القاهرة ،كليت السراعت ،قسم الإوتاج الحيىاوي -2مركس البحىث السراعيت ،  ،ويمعهذ بحىث الإوتاج الحيىا -1

 

 نبٛعبءاانُٕٛصٚهُذ٘  ( عهٗ دبنت يعبداث الأكسذة ٔخصبئص انسبئم انًُٕ٘ فٙ ركٕس الأساَبNACنخقٛٛى حأثٛش يشكب أٌ أسخٛم سسخٍٛ)

(NZWًُٕانخبيت ان ) حى حقسٛى انزكٕس انًسخخذيت إنٗ  كًخٕسػ  كجى 5.1أشٓش ، ٔٔصَٓب دٕانٙ  8-6ٍ حخشأح أعًبسْب بٛ ركش  51. حى اسخخذاو .

حذج G2) ) ٔ(G3 )( انخٙ حى دقُٓب حذج انجهذ بًذهٕل يهذٙ. حى دقٍ انًجًٕعخٍٛ الأخشٍٚٛ G1) انعببطّثلاد يجًٕعبث يخسبٔٚت ، انًجًٕعت

نًذة سبعت أٚبو يخخبنٛت. بعذ رنك ، حى جًع عُٛبث انذو  انذقٍ نخٕانٙ ، ٔاسخًش/ كجى يٍ ٔصٌ انجسى ، عهٗ ا NACجى هي 555ٔ  15انجهذ بجشعت 

انذو نكلا يٍ يعبداث حذبنٛم )قبم جًع انسبئم انًُٕ٘ بٕٛو ٔادذ( لإجشاء  74انٕٛو فٙ بٕٛو ٔادذ( ٔ NACفٙ انٕٛو انثبيٍ )بعذ َٓبٚت دقٍ 

ٕٚيًب بشكم يسخًش.  66. اسخًشث انخجشبت نًذة 78خصبئص انسبئم انًُٕ٘ فٙ انٕٛو  رنك ، حى حقٛٛىبلإظبفت انٙ الأكسذة ٔٔظبئف انكبذ ٔانكهٗ. 

انز٘ اَخفط بشكم  MDAعهٗ دبنت يعبداث الأكسذة يٍ خلال حأثٛشِ انٕاظخ عهٗ يسخٕٖ  NAC ذقٍأظٓشث انُخبئج انخأثٛش الإٚجببٙ نـ

. فٙ يسخٕاِ صٚبدة يسخًشة G1يجًٕعت  أظٓشث. بًُٛب 74بذاٚت انخجشبت إنٗ ٕٚو َبَٕيٕل / يم ، يٍ  5.18إنٗ  6.55، يٍ  G3يسخًش، فٙ 

ٔدذة / نخش فٙ  7..54إنٗ  5.6.8جى / كجى يٍ ٔصٌ انجسى فٙ سفع َشبغ اَضٚى انكخبنٛض انز٘ اسحفع يٍ هي 555بجشعت  NACأٚعب، َجخ دقٍ 

بشكم ظئٛم ٔاسخًش ْزا الاَخفبض  H2O2انًشكب. علأة عهٗ رنك ، اَخفط انٕٛو انثبيٍ يقبسَت بًسخٕٚبحّ فٙ ٕٚو انصفش ْٕٔ انٕٛو قبم دقٍ 

فٙ دٍٛ كبٌ يسخٕاِ شبّ ثببج فٙ انًجًٕعت ( 74يهًٕٛل / نخش ، فٙ انٕٛو  5.585فٙ انٕٛو صفش إنٗ  5.565)اَخفط يٍ  G3فٙ  74دخٗ انٕٛو 

G2 ث إَضًٚبث انكبذ بًُٛب كبَج ٔظبئف كلا يٍ انكبذ ٔانكهٛت غبٛعٛت كًب حأكذ يٍ يسخٕٚب(ALT  ٔAST ) ٔكزنك يسخٕٚبث انكٛشٚبحٍُٛ ٔانٕٛسٚب

 يجى / كجى يٍ ٔصٌ انجسىNAC (555  .)حى حسجٛم حذسٍ فٙ خصبئص انسبئم انًُٕ٘ بسبب دقٍ .،  .فٙ الأساَب انًعبيهتببنُست نٕظبئف انكهٛت 

 / يمG1 (585.1556  .)/ يمG2 (517.7556  ٔ ) / يم( يٍ 751.556) G3فٙ ال  حشكٛض انذٕٛاَبث انًُٕٚت أعهٗ بكثٛش خبصت 

يهجى / كجى يٍ ٔصٌ انجسى فٙ ركٕس الأساَب ٚؤثش إٚجببًب عهٗ دبنت يعبداث الأكسذة 555 بجشعت NACأثبخج انذساست انذبنٛت أٌ اسخخذاو

 ٔخصبئص انسبئم انًُٕ٘ نزكٕس الأساَب .
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