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The Effects of Vancomycin on Sperm 
Motility and Testicular Inflammation  
in Rats

Vankomisin’in Ratlarda Sperm Motilitesi ve 
Testiküler Yangı Üzerine Etkileri

ABSTRACT

This study aimed to investigate the effect of vancomycin on sperm motility and testicular inflam-
mation in male rats. In the study, 12 adult Sprague Dawley rats were used. They were divided 
into 2 equal groups. First group (n = 6) was called as control group. Control group received physi-
ological saline via intraperitoneal injection. Second group was called as vancomycin group and 
vancomycin group received vancomycin at the dose of 200 mg/kg via intraperitoneal injection 
for consecutive 7 days. At the end of study, the rats were sacrificed under sevoflurane anesthe-
sia. Testes and cauda epididymis were collected. Mean testes weight, mean cauda epididymis 
weight, and sperm motility were evaluated. Also, tumor necrosis factor-alpha and nuclear fac-
tor kappa B levels were evaluated in testis tissues. According to our results, vancomycin treat-
ment significantly decreased sperm motility while did not change mean testis weight and mean 
cauda epididymis weight when compared to control group. Besides, tumor necrosis factor-alpha 
and nuclear factor kappa B levels were significantly higher in vancomycin group than in the con-
trol group. In conclusion, vancomycin treatment (200 mg/kg BW, consecutive 7 days) decreases 
sperm motility significantly and increases the levels of testicular inflammation biomarkers (tumor 
necrosis factor-alpha and nuclear factor kappa B). Further studies are needed for protection from 
the side effects of vancomycin in male reproductive system.
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ÖZ

Bu çalışma, erkek sıçanlarda vankomisinin sperm motilitesi ve testis yangısı üzerindeki etkisini 
araştırmayı amaçlamıştır. Çalışmada on iki yetişkin Sprague Dawley sıçanı kullanıldı. Ratlar iki eşit 
gruba ayrıldılar. Birinci grup (n = 6) kontrol grubu olarak adlandırıldı. Kontrol grubuna intraperi-
toneal enjeksiyon yoluyla ardışık 7 gün boyunca serum fizyolojik verildi. İkinci gruba Vankomisin 
grubu adı verildi ve vankomisin grubuna ardışık 7 gün boyunca intraperitoneal enjeksiyon yoluyla 
200 mg/kg dozunda vankomisin verildi. Çalışmanın sonunda ratlar sevofluran anestezisi altında 
sakrifiye edildi. Testisler ve kauda epididimisleri toplandı. Ortalama Testis Ağırlığı (OTA), Ortalama 
kauda epididimis ağırlığı (OKEA) ve sperm motilitesi değerlendirildi. Ayrıca testis dokularında TNFα 
ve NF KB düzeyleri değerlendirildi. Sonuçlarımıza göre Vankomisin tedavisi, kontrol grubuna göre 
OTA ve OKEA değiştirmezken sperm motilitesini önemli ölçüde (P  < ,05) azalttı. Vankomisin gru-
bunda ise TNFα ve NF KB düzeyleri kontrol grubundan önemli ölçüde (P  < ,001) yüksek bulundu. 
Sonuç olarak Vankomisin tedavisi (200 mg/kg vücut ağırlığı, ardışık 7 gün) sperm motilitesini 
önemli ölçüde azaltmakta ve testiküler inflamasyon biyobelirteçlerinin (TNFα ve NF KB) düzey-
lerini artırmaktadır. Vankomisinin erkek üreme sisteminde yan etkilerinden korunmak için yeni 
çalışmalara ihtiyaç olduğu kanaatine varılmıştır.

Anahtar Kelimeler: NF KB, sperm motilitesi, testis yangısı, TNFα, vankomisin.

INTRODUCTION
Vancomycin is an antibiotic drug used in treatments against methi​cilli​n-res​istan​t Gram-positive bac-
terial infections like Staphylococcus aureus.1 Although this drug has been used since 1958, the side 
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effects of vancomycin have been reported in many studies includ-
ing hepatotoxicity2 and nephrotoxicity.3 In a study conducted 
by Kandemir et  al.3 it is reported that vancomycin treatment 
increased the levels of inflammatory biomarkers including B-cell 
lymphoma-3 (Bcl-3), tumor necrosis factor alpha (TNFα), interleu-
kin-33 (IL-33), nuclear factor kappa B (NFK B), interleukin-1β (IL-1β), 
prostaglandin E2 (PGE2), cyclooxygenase-2 (COX-2), myeloper-
oxidase, and inducible nitric oxide synthase (iNOS) in kidney tis-
sue. In another study conducted by Kucukler et al.2 it is suggested 
that vancomycin treatment increased inflammatory (IL-1β, NF-κB, 
iNOS, TNF-α, COX-2), apoptotic (P53, caspase-3 caspase-8), and 
oxidative stress (SOD, CAT, and GSH-px) biomarkers in liver tis-
sue. Naidu et al4 reported that solid lipid nanoparticle vancomy-
cin treatment (20 mg/kg BW for 4 weeks) decreased sperm count 
significantly in Sprague Dawley rats. They also reported that tes-
tosterone level decreased numerically but not statistically.

The inflammation is initiated by various mechanisms such as 
chemical, mechanical, or thermal stress. In inflammatory situa-
tions, somatic cells release various cytokines, like TNF-α, and NFK 
B, etc., that activates to neutrophils to produce a host of cyto-
toxic substances.5 The mechanism of vancomycin-induced tox-
icity may be related to increased inflammation. Inflammation in 
the testis increases the heat in the tissues and stimulates the 
immune system cells.6 So, inflammatory situations induce repro-
ductive damage and decrease sperm quality due to increased 
heat stress. The current study aimed to investigate the effects of 
vancomycin on sperm motility and testicular inflammatory bio-
markers in male rats.

MATERIALS AND METHODS
Chemicals
Vancomycin and physiological saline were purchased from a 
pharmacy. All other chemicals used in the study have analytical 
purity.

Animals and Experimental Designs
Twelve adult male Sprague Dawley rats (12 weeks old, 200-250 g) 
were used in the study. The rats were kept under the standard 
laboratory conditions (40%-50% humidity, 12 h light/12 h dark 
period, 20-24oC). The rats were fed with commercial pellet 
feed and given daily fresh tap water. The rats were divided into 
2 groups of 6 rats each. Control group rats received intraperito-
neal physiological saline injection for consecutive 7 days. Vanco-
mycin group rats received intraperitoneal vancomycin injection 
at the dose of 200 mg/kg daily for consecutive 7 days. Following 
the day of the last applications, the rats were euthanized under 
sevoflurane anesthesia. Both testes were randomly selected 
and 1 of cauda epididymis was collected. The testes were kept 
−20oC until biochemical examinations were performed. One of 
the cauda epididymis was trimmed in a petri dish including 5 mL 
Physiological saline and waited five minutes for sperm cells to 
migrate to the fluid. The approval number of the study has been 
given before the study has been started from Kastamonu Uni-
versity Local Ethic Board of Animal Experiments (05/2022). The 
dose of vancomycin was selected according to study of Kucukler 
et al2 has been referred.

Reproductive Parameters
Mean cauda epididymis weights (MCEW) and mean testis weights 
(MTW) were detected according to Aksu et al.7 Briefly, testes were 
removed following the euthanization process mentioned before, 

both left and right testes were weighed by using a precision scale, 
and arithmetic mean values were calculated as MTW (grams) for 
each rat in same group. Similarly, both left and right cauda epi-
didymis were weighed by using a precision scale and arithmetic 
mean values were calculated as MCEW (grams) for each rat in 
same group.

Sperm motility estimation was performed according to our previ-
ous method.7 Briefly, 20 μL of semen sample was released on pre-
viously warmed (34 oC) slide and a lamella covered on the semen 
sample. The motility estimations were performed under light 
microscopy at ×400 magnification, at least 2 different fields were 
analyzed by visual examination, and arithmetic mean value of 
2 fields was calculated as final score. Motility score was expressed 
as the percentage (%).

Biochemical Evaluations
Testes were homogenized via an automatic homogenization 
device. TNF-α in the testicular homogenate was evaluated by a 
commercial TNF detection ELISA kit available for rats. Nuclear 
factor kappa B in the testicular homogenate was evaluated by a 
commercial ELISA kit available for rats. For the evaluation pro-
cess, manufacturer's instructions were followed.2 Both NF KB and 
TNFα levels were expressed as ng/g tissue.

Statistical Analyses
All values were stated as mean value ± standard error of mean. 
Data were analyzed using statistical analysis program and inde-
pendent t test was used for the comparison of values. The differ-
ence between the groups at P  <.05 was accepted as statistically 
important.

RESULTS
Reproductive Parameters
Mean testis weights, MCEW, and sperm motility values are pre-
sented in Table 1. According to Table 1, statistical difference has 
not been detected among the groups regarding MTW and MCEW. 
Also, sperm motility in vancomycin group was significantly 
(P  < .05) lower than in the control group.

Testicular Inflammatory Biomarkers
Tumor necrosis factor-alpha values in testicular tissues are pre-
sented in Figure 1. According to Figure 1, TNFα values were 1.20 ± 
0.01 ng/g tissue in the control group and 2.36 ± 0.02 ng/g tissue 
in the vancomycin group. The difference between control group 
and vancomycin group was statistically important (p<0.001).

Nuclear factor kappa B values in testicular tissues are presented 
in Figure 2. According to Figure 2, NFK B were 26.10 ± 0.51 ng/g 
tissue in the control group and 38.46 ± 0.46 ng/g tissue in van-
comycin group. Both TNFα and NF KB values were significantly 
(P  < .001) higher in vancomycin group than the control group. 
These results indicated that vancomycin treatment increased 
the inflammation in testes.

Table 1.  Reproductive Parameters of the Groups

Control Vancomycin

MTW (g) 0.171 ± 0.011 0.186 ± 0.005

MCEW (g) 1.320 ± 0.030 1.338 ± 0.038

Motility (%) 62.50 ± 3.00a 49.00 ± 3.3b

a,bStatistical difference at P  < .05. 
MTW, mean testis weights; MCEW, mean cauda epididymis weights.
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DISCUSSION
Previous studies reported the side effects of vancomycin treat-
ment like hepatotoxicity, nephrotoxicity, and reprotoxicity. These 
researchers suggested that the main mechanism of vancomycin-
induced organ toxicity could have been attributed to inflamma-
tion and oxidative stress in the various organs like liver, kidney, 
and testis.2-4 Many factors that cause infertility in men reveal their 
effects by activating the common pathophysiological pathways of 
inflammation and oxidative stress mechanisms.8 The inflamma-
tion in reproductive tract stimulates immune cells and attracts 
them to the site of inflammation. Also, the inflammation acti-
vates the production of overactive substances and exacerbates 
oxidative stress. Reactive oxygen species can stimulate intracel-
lular signaling cascade that induces the activation of genes relat-
ing to pro-inflammatory response.6,9,10

Cytokines are produced physiologically in the testes and are 
required for proper function of the male gonads.11 Tumor necro-
sis factor-alpha is a pro-inflammatory cytokine. This cytokine is 

a pleiotropic polypeptide that has an important role in inflam-
matory activities. Tumor necrosis factor-alpha regulates the 
inflammation by encouragement of capillary endothelial cell 
pro-inflammatory reactions.12 Tumor necrosis factor-alpha also 
promotes the migration of leukocytes into inflammation field 
of tissues. Moreover, TNF-α stimulates the apoptotic process in 
the cells13

Nuclear factor kappa B is the omnipresent transcription factor, 
and also, it is a pleiotropic regulator of various genes interested 
in the inflammatory situations.14 In inflammatory situations as 
a result of inflammation, the heat is increased in the tissue. As 
well known, increase in heat in testes causes the degeneration 
of testicular cells. Also, increased heat stress induces the basal 
metabolism of the sperm cells.

In the current study, the mechanism of decrease in sperm motil-
ity can be explained by inflammation induced by vancomycin. 
Increased inflammation in testes decreases mitochondrial oxi-
dative phosphorylation process and Adenosine triphosphate 
production. As well-known, ATP is required for the movement 
of flagella (tail of sperm) and sperm motility. So, if ATP produc-
tion decreases, sperm cells cannot move since ATP pools were 
exhausted.7,15-19 Besides, increased heat as a result of inflamma-
tion in the testicles can accelerate sperm metabolism and cause 
rapid consumption of ATP.

In the current study, it is found that vancomycin treatment signif-
icantly increased TNFα and NF KB levels compared to the control 
group. Our results support the fact that vancomycin can increase 
inflammation in testes,4 as well as liver2,20,21 and kidney.3,22 Naidu 
et al4 suggested that 10 mg/kg vancomycin dissolved in linoleic 
acid solution did not affect sperm motility. However, in the cur-
rent study, there is an significant decrease in sperm motility in 
vancomycin group when compared to control group. On the other 
hand, the decrease in sperm motility in our study can be explained 
due to the inflammation of testes induced by vancomycin.

In conclusion, vancomycin treatment decreased sperm motility 
significantly and increased the levels of testicular inflammation 
biomarkers (TNFα and NF KB). This drug can contribute to male 
infertility. More studies are required to minimize the side effect of 
vancomycin on male reproductive parameters.
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Figure 1.  TNF alpha (α) (ng/g tissue) levels of the groups. a-b, statistical 
difference at P  < .001.

Figure 2.  NFK B (ng/g tissue) levels of the groups. a-b, statistical 
difference at P  < .001.
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