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Abstract 
Broad-spectrum antimicrobial doxycycline acts as an inhibitor of protein synthesis and it is widely used in 
the clinical treatment of various infections by microorganisms that are sensitive to the drug, as well as in 
animal feed. Its liposolubility guarantees its high tissue bioavailability, being associated with several 
biochemical changes in the organism and potentially adverse effects on reproduction. This study aims to 
evaluate the effects of the action of doxycycline on spermatogenesis to provide a complete analysis of the 
tubular and interstitial compartments and to identify possible changes in the testicular parenchyma. Adult 
male Wistar rats were divided into three groups: one control (water), and two treated with doxycycline at 
the doses of 10mg/kg and 30mg/kg, for 30 days. After euthanasia and sample processing, the following 
parameters were evaluated: a) tubular diameter and height of the seminiferous epithelium; b) volumetric 
proportions (%) and volumes (mL) of the components of the testicular parenchyma; c) counting testicular 
germ cell populations; d) evaluation of cell viability. The results of the comparative evaluation between the 
experimental groups demonstrated a significant increase in the diameter and area of the tubular lumen 
and a reduction in the count of spermatogonia in the experimental group that received doxycycline hyclate 
at a dose of 30mg/kg. In the same experimental group, an increase in the overall yield of spermatogenesis 
was found as a consequence of the increase in the mitotic index. 
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1. Introduction 
 

Doxycycline (alpha-6-deoxy oxytetracycline) is a second-generation broad-spectrum tetracycline-
class antibiotic, a semi-synthetic derivative of oxytetracycline (Holmes and Charles 2009). Clinically, 
doxycycline is effective in the first-line treatment of infections caused by a wide range of Gram positive 
and Gram negative bacteria, including atypical microorganisms such as Rickettsia spp, Mycoplasma 
pneumoniae, Haemophilus influenzae, Chlamydia trachomatis and Borrelia burgdorferi (Holmes and 
Charles 2009). It is also used as an adjuvant in the treatment of intestinal amoebiases (Cortez-Maya et al. 
2020), acne (Zaenglein et al. 2016), Plasmodium falciparum malaria (Nodari et al. 2020), leptospirosis (Le 
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Turnier and Epelboin 2018) and cholera. In addition, doxycycline is commonly used in veterinary medicine 
for the treatment of infections and as an addition to animal feed as a means of increasing the growth rate 
(Landers et al. 2012). 

Doxycycline has bacteriostatic action, crossing the cell membrane and inhibiting protein synthesis 
in a wide spectrum of microorganisms by reversibly binding to the 30S subunit of the ribosome and 
blocking the access of aminoacyl-tRNA to the complex (Chopra and Roberts 2001). Furthermore, it can 
inhibit the action of extracellular matrix metalloproteinases (Skúlason et al., 2003). Moreover, doxycycline 
is capable of disturbing steroidogenesis in therapeutic doses, which results in testosterone deficiency and 
decreased sperm quality in mice exposed to the drug (Hou et al. 2019). Therefore, antimicrobials from the 
tetracycline class may be directly associated with significant damage to male fertility. 

Several studies have been performed regarding the effects of antimicrobials of the tetracycline 
class on the male reproductive system. In 1967, the ability to bind tetracyclines to mammalian sperm was 
demonstrated (Ericsson and Baker 1967). Irreversible damage to sperm motility was observed after the 
addition of low doses (2.5 µg/ml) of tetracycline to sperm in vitro (Hargreaves et al. 1998). The evaluation 
of sperm parameters after treatment with tetracycline, such as epididymal sperm motility, viability and 
morphology, as well as the histopathology of the testicular parenchyma and testosterone production were 
impaired. Furthermore, a reduction in the relative weights of the testes, epididymis and seminal vesicles 
was observed (Farombi et al. 2008). 

The exposure to anthropogenic agents, such as antibiotics, with potential deleterious effects on the 
male reproductive system can be associated with male infertility. Due to the wide use of doxycycline and 
its possible adverse effects on the testicular parenchyma, a complete scan of important testicular 
parameters for the assessment of male fertility is necessary. Therefore, the present study aims to 
understand the effects of doxycycline on testicular germ cells of Wistar rats exposed to the drug 
doxycycline. 
 
2. Material and Methods 
 
Animals  
 

Male adult Wistar rats (n=15, 320g, 100 days of life) were used. The animals were kept in 
polypropylene cages in 12-hour light/dark cycles at controlled room temperature (22ºC), and free access to 
water and commercial food. 

The animals were randomly divided into three experimental groups (n=5). All received 1 mL of 
solution (filtered water or treatment) administered orally, by gavage, for 30 days. Control group animals 
received water, while treated animals received doxycycline hyclate at doses of 10 and 30mg/kg/day. All 
procedures were approved by the Ethics Committee on the Use of Animals at the Federal University of 
Viçosa (CEUA/UFV, protocol 72/2017). 
 
Biological samples 
 

The animals were weighed and received intraperitoneal anesthesia with a mixture of ketamine (100 
mg/kg) and xylazine (10 mg/kg) and euthanized by exsanguination. The testes were removed, weighed and 
subsequently immersed and fixed in Karnovsky's solution (2.5% glutaraldehyde: 2.5% paraformaldehyde, in 
0.1mol/L sodium phosphate buffer pH 7.2), for 24 hours. The Gonadosomatic index (%) was calculated as 
follows (GSI): TW/BW*100 (TW= testes weight, BW= body weight).  

After fixation, the testes were dehydrated in ethanol, and embedded in glycolmethacrylate 
(Historesin, Leica). Semi-thin sections (2µm thick) were stained with toluidine blue/1% sodium borate. 
Digital images were used for the morphological, morphometrical, and stereological analyses. For cell 
viability analysis, the same histological sections were used. 
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Morphometry and stereology 
 
Seminiferous tubules morphometry 

 
The mean tubular diameter of each animal was measured in 10 seminiferous tubules cross-sections. 

The same images were used to calculate the height of the seminiferous epithelium, which represented the 
average of two diametrically opposite measurements, starting from the basement membrane to the 
tubular lumen. All measurements were made using the Image-Pro Plus image analysis software from digital 
images of the seminiferous tubules at 200x magnification. From the tubular diameter and the height of the 
epithelium, it was possible to measure the tubular area (total area, area of the seminiferous epithelium 
and area of the lumen), using the following ratios: 

 
● Lumen diameter = tubular diameter - (height of seminiferous epithelium x 2) 
● Tubular radius (Rt) = tubular diameter/2; 
● Lumen radius (Rlu)= lumen diameter/2; 
● Seminiferous tubule area=πRt2 
● Lumen area= πRlu2 
● Epithelial Area=Tubule Area - Lumen Area 

 
The epithelium/tubule ratio (ETR) was calculated using the formula: 
● ETR = Epithelial Area / Tubule Area 

 
The volumetric proportions and volumes of testicular components were obtained by using a 120-

point reticle (intersections) placed on the analyzed images, using the Image-Pro Plus image analysis 
software. The proportions were estimated by counting 3000 intersections projected onto random fields of 
the images, captured at 200x magnification. The proportions of seminiferous tubules, interstitium and 
Leydig cells were estimated. The volumes of testicular components were defined based on the proportion 
occupied by them given of the total net volume of the testicular parenchyma. According to França (1998), 
as the testicle density varies around 1 (1.03 to 1.04), the testicular weight was considered equal to its 
volume. Thus, the total net volume of the testicular parenchyma was defined by subtracting the weight of 
the tunica albuginea from the gross weight of the testis. 

Based on the volumetric proportions, it was possible to quantify the somatic indexes, as described 
below (Dias et al. 2019): 

 
● Parenchymasomatic Index = parenchyma weight/body weight x 100 
● Tubulesomatic index = tubule weight/body weight x 100 
● Epitheliumsomatic index = epithelial weight/body weight x100 
● Length of seminiferous tubule = seminiferous tubule volume/π.Rt2 

 
Germ cells count 
 

For the germ cells count, 15 seminiferous tubules cross-sections in stage VII/VIII of the seminiferous 
epithelium cycle were considered (Oakberg 1956). The count was performed by identifying the cellular 
nuclei of germ cells and Sertoli cell nucleoli, considering: type A spermatogonia (GoA); spermatocytes in 
preleptotene-leptotene (SPTL) and in pachytene (SPTP); rounded spermatids (RSPD), and Sertoli cells. The 
obtained counts were corrected using the formula (Amann and Almquist 1962): 

 

corrected n=count obtained×
cutting thickness

cutting thickness+√(
ND
2 )

2 

-(
ND
4 )

2
 

 

https://docs.google.com/document/d/1Iw62On3e4dTBCPB6BM64BssbAbIB9o9Bx2D5h4ZgM4c/edit#heading=h.35nkun2
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The mean nuclear diameter (ND) was obtained from the average of 10 nuclear (germ cells) or 
nucleolar (Sertoli cells) diameters at 400x magnification. Nuclear/nucleolar diameters were measured from 
digital images using Image-Pro Plus image analysis software. 

The ratios between the germ cell numbers were calculated to assess the efficiency of the 
spermatogenic process and of the Sertoli cells, as follows: 

• Primary spermatocytes in preleptotene-leptotene/type A spermatogonia, obtaining the efficiency 
coefficient of spermatogonial mitosis;  
• Rounded spermatids/type A spermatogonia, obtaining the general yield of spermatogenesis; 
• Rounded spermatids/primary spermatocytes in pachytene, obtaining the meiotic index; 
• Rounded spermatids/nucleoli of Sertoli cells, obtaining the Sertoli cell index that measures the 
efficiency of this cell;  
• Corrected total number of germ cells/Sertoli cell nucleoli, obtaining the total support capacity of 
the Sertoli cell. 

 
Germ cell viability 
 

In order to assess the proportion of viable cells and/or cells undergoing death in the testicular 
parenchyma, the differential fluorescence staining method was used, applying propidium iodide (PI) and 
acridine orange (AO) (Mcgahon et al. 1995). 

AO is a fluorescent compound that intercalates with viable cell DNA emitting uniform green 
fluorescence, while propidium iodide is a highly water-soluble fluorescent compound that is impermeable 
to intact cell membranes. Similar to AO, PI intercalates with cellular DNA, however it emits red 
fluorescence in dying cells. These cell markings are based on condensation and membrane integrity (Cury-
Boaventura et al. 2006). 

Histological sections (1μm-thick) were incubated for one minute in 1% acetic acid solution, followed 
by three baths (3 min each) in sodium phosphate-buffered saline (PBS, pH 6.0). Then, the slides were 
stained with 0.02% acridine orange, and propidium iodide, thus washed 3 times (3 min each) in PBS (pH 
6.0). In the next step, the histological slides were immersed in a calcium chloride solution for 45 seconds, 
followed by three baths (3 min each) in PBS (pH 6.0). The finished slides were mounted with glycerin. 
Digital images were taken in an EVOS fl fluorescence microscope (Life Technologies, Carlsbad, Canada) at 
505 nm (GFP: green filter) and 580nm (RFP: red filter). 

Color distribution was considered as a discriminatory parameter. After defining the color range, the 
area containing viable cells (green), cells in the process of initial damage (yellow/orange) and dead cells 
(red) were quantified. Images were analyzed using Image Pro Plus software. 
 
Statistics 
 

Data were tested for normality according to numerical parameters (skewness, coefficient of 
variation, mean, median and kurtosis), graphs (histograms and Q-Q plot), followed by the Shapiro-Wilk 
normality test. For data with normal distribution, the one-way ANOVA test was used, followed by Tukey's 
post-test, while for data with non-parametrical distribution, the Kruskal-Wallis test was used, followed by 
Dunn's post-test. All data were analyzed using Prisma software (version 8.0.1; GraphPad Software Inc., 
SanDieg, CA). The significance level was 0.05. 
 
3. Results 
 
Body and testis biometry 
 

Body weight, testis weight, tunica albuginea weight, and testicular parenchyma weight, additionally 
the GSI and IPS did not change after the experimental protocol (Table 1). 
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Testicular morphometry and stereology 
 

The volumetric proportion of seminiferous tubule, seminiferous epithelium and tunica albuginea 
were not altered by doxycycline hyclate. The calculated epithelial and tubulesomatic indexes did not show 
any significant changes (Table 2). 

 
Table 1. Biometric data of Wistar rats after treatment with Doxycycline hyclate for 30 days. 

Parameters Control Dox 10mg/kg Dox 30mg/kg 

Body weight (g) 348.75±30.95 345.00±10.70 318.50±13.07 
Testicular weight (g) 1.64±0.43 1.80±0.28 1.92±0.11 

GSI (%) 0.48±0.16 0.52±0.08 0.60±0.05 
Testicular parenchyma (g) 1.62±0.43 1.79±0.28 1.91±0.11 

Tunica albuginea (g) 0.014±0.005 0.009±0.002 0.010±0.005 
PSI (%) 0.47±0.16 0.52±0.08 0.61 ±0.06 

GSI= Gonadosomatic index, PSI= parenchyma somatic index. Means with equal letters do not differ significantly from each other by the Tukey 
test (P>0.05). 

 
Table 2. Stereology of seminiferous tubules after treatment with Doxycycline hyclate for 30 days. 

Parameters Control Dox 10mg/kg Dox 30mg/kg 

Tubule (%) 87.90±0.82 89.50±2.28 88.55±1.32 
Epithelium (%) 79.57±0.77 81.68±1.97 82.33±1.40 

Tunica albuginea (%) 0.42±0.50 0.0026±0.0006 0.0030±0.0017 
Tubule (mL) 1.43±0.37 1.61±0.27 1.70±1.20 

Epithelium (mL) 1.3±0.34 1.47±0.24 1.58±0.10 
Tunica albuginea (mL) 0.0135±0.005 0.0093±0.002 0.0097±0.005 

ESI (%) 0.33±0.10 0.38±0.06 0.44±0.05 
TSI (%) 0.42±0.14 0.46±0.07 0.534±0.059 

ESI= epithelium somatic index, TSI= tubule somatic index. Means with equal letters do not differ significantly from each other by the Tukey 
test (p>0.05). 

 
The diameter and the length of the seminiferous tubules, and the area of the seminiferous 

epithelium did not change after treatment, even though the diameter and area of the lumen were 
increased after the intake of doxycycline hyclate 30mg/kg/day. The seminiferous tubule length was not 
altered due to doxycycline intake (Table 3). 
 
Table 3. Morphometry of the seminiferous tubules after the treatment with Doxycycline hyclate for 30 
days. 

Parameters Control Dox 10mg/kg Dox 30mg/kg 

TD (µm) 314.37±31.52ª 316.76±33.41ª 337.71±24.93ª 
EH(µm) 106.87±8.77ª 101.80±13.80ª 105.65±11.03ª 
LD(µm) 82.34±5.17ª 91.22±12.98ª 108.32±8.76b 

STL/t(m) 1.89x10-5±6.22x10-6a 2.00x10-5±5.64x10-6a 1.91X10-5±3.53X10-5a 
STL/gt (m) 1.14x10-5±2.47x10-6a 2.71x10-5±3.43x10-5a 9.89x10-6±1.51x10-6a 
ArT(µm2) 78638.40±15318.62ª 83239.24±18540.21ª 90611.54±13537.7ª 
ArE(µm2) 72677.68±15614.17ª 60026.84±32264.31ª 80868.69±13212.23ª 
ArL(µm2) 5960.72±1118.44ª 7030.20±1927.39ª 9742.85±1318.04b 

TD= tubule diameter, EH= epithelium height, LD=Lumen diameter, STL/t= Length of the seminiferous tubule per testicle, STL/gt= Length of 
the seminiferous tubule per gram of testicle. ArT, ArL and ArE= areas of the seminiferous tubule, lumen and epithelium, respectively. Means 
with equal letters do not differ significantly from each other by the Tukey test (P>0.05). 

 
Germ cells counts  
 

The population of spermatogonia was reduced due to treatment with the highest dose of 
doxycycline, a result that may be associated with an increase in the area and diameter of the lumen in the 
same group (Table 4). The populations of spermatocytes, round spermatids and Sertoli cells were not 
altered. 

Although the meiotic index was not altered, the mitotic index was found to be high in the group 
exposed to a dose of 30mg/kg/day of doxycycline (Table 4). The Sertoli cell index and the Sertoli cell 



Bioscience Journal  |  2023  |  vol. 39, e39031  |  https://doi.org/10.14393/BJ-v39n0a2023-64399 

 

 
6 

Doxycycline hyclate may damage testicular germinal epithelium in Wistar rats 

support capacity remained unchanged between experimental groups. Contrastingly, the overall 
spermatogenic yield was significantly higher after the ingestion of doxycycline hyclate at a dose of 
30mg/kg/day (Table 4). 
 
Germ cell viability 
 

The proportion of viable cells in the groups treated with doxycycline was lower (p<0.001) than that 
of the control group (Figure 1A). The decrease in the proportion of viable cells influenced a significant 
increase in cells undergoing a more severe damage process in the group treated with the highest dose of 
doxycycline (Figure 1B). The group that received the dose of 10mg/kg/day of doxycycline showed no 
important changes when compared to the control group. The administration of the highest dose of 
doxycycline (30mg/kg/day) caused a significant increase in the proportion of cells with severe damage 
(Figure 1C). The same behavior was not observed in the control groups and in the group treated with 
10mg/kg/day of doxycycline. 
 
Table 4. Germ cell count and testicular indexes by cross-section of seminiferous tubule at stage VII of the 
seminiferous epithelium cycle. 

Parameters Control Dox 10mg/kg Dox 30mg/kg 

Spermatogonia 2.01±0.67ª 1.60±0.18ª 1.05±0.10b 
Preleptotene/Leptotene 19.96±4.58ª 25.17±2.55ª 23.73±3.27ª 

Pachytene 25.12±2.15ª 28.26±5.36ª 25.49±2.37ª 
Rounded spermatid 77.35±5.38ª 83.34±9.73ª 77.6±12.82ª 

Sertoli Cell 4.43±0.97ª 3.72±0.34ª 3.62±0.67ª 
Mitotic index 11.46±6.09ª 15.90±2.43ª 22.7±4.10b 
Meiotic index 3.08±0.19ª 2.99±0.41ª 3.04±0.20ª 

Sertoli cell index 18.23±5.08ª 22.54±3.40ª 21.81±3.52ª 
SCC 29.34±8.35ª 37.41±5.34ª 35.93±5.36ª 

Spermatogenesis yield 42.74±16.88ª 52.53±7.68ª 74.13±11.32b 
SSC= Sertoli cell support capability. Means with equal letters do not differ significantly from each other by Tukey test (P>0.05). 

 

 
Figure 1. Germ cell viability after doxcycline hyclate intake (10 and 30mg/mL). A - Germ cells that are viable 
(%); B - initial process of germ cells damage (%); C - severe germ cells damage (%). CTL= Control group; Dox 

10= Doxycycline 10mg/mL; Dox 30= Doxycycline 30mg/mL. Results expressed with mean and standard 
deviation. * =p<0.05 and ***=p<0.01. 

 
4. Discussion 
 

Doxycycline is a broad-spectrum antibiotic of the tetracycline class used in the treatment of 
infections caused by bacteria and some parasites (Şekeroğlu et al. 2012). On account of its wide use, its of a 
great importance to evaluate its side effects, including in the male reproductive system. Although 
doxycycline does not cause changes in testicular biometrics and sperm yield, it causes a decrease in the 
number of spermatogonia. 
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The different doses of doxycycline did not interfere with the body and testicular weight, which 
corroborates the previous studies using doses of 7, 7.5, 14 and 28 mg/kg (Yeh et al. 2007; Elzeinová et al. 
2013), suggesting a low systemic toxicity of the drug (Mouro et al. 2020). However, body mass should not 
be considered by itself as an important measure in the assessment of sperm parameters (Macdonald et al. 
2013). Thus, testicular changes are mainly related to germ and somatic cells can occur even without 
changes in body or testicular weight. 

Even though the testicular germ cell count showed a reduction in the number of spermatogonia in 
the group that received the highest dose of doxycycline, the evaluation of morphometric data did not show 
any significant change. On the other hand, Elzeinová et al. (2013) showed a reduction of the germinal 
epithelium thickness in animals treated with doxycycline, which may be associated with the loss of germ 
cells. Perhaps Elzeinová et al. (2013) found different results from this study because the treatment was 
done with immature animals where testicular cells are still developing and dividing at an accelerated pace 
being more susceptible to damage and injury. 

The determination of cell division rates favors the understanding of the kinetics of the 
spermatogenic process. The evaluation of the mitotic index allowed us to quantify the generation of cell 
clones originated from spermatogonia, while the determination of the meiotic index helped us to observe 
the generation of haploid cells (Griswold et al. 2016; Fayomi et al. 2018). Preliminary in vivo studies 
indicate that doxycycline leads to a reduction in the mitotic index and the nuclear division index (Şekeroğlu 
et al. 2012). Nevertheless, in vivo studies showed increased mitotic indexes for the animals that received 
the highest dose of doxycycline, which may have led the Sertoli cell to adapt, increasing its support 
capacity, consequently leading to an overall spermatogenesis yield increase. Considering the complete 
duration of spermatogenesis in Wistar rats, which varies from 40 to 60 days (França et al. 1998), 
doxycycline may have been administered in the middle of the spermatogenic process, not being enough to 
affect cells committed to the meiotic process. 

Apoptosis is a highly coordinated process induced by the activation of specific pathways and plays 
an important role in the removal of damaged cells. The activation of pathways that induce the death of 
damaged cells is dose-dependent, as well as the intensity of exposure to a cellular stressor (Franco et al. 
2009). Although doxycycline is considered a drug of low toxicity (Sloan and Scheinfeld 2008), this study 
showed that the drug has a dose-dependent impact on cell viability. This impact on viability occurs because 
doxycycline shows an apoptotic action through the intrinsic pathway of mitochondria-dependent apoptosis 
(Sagar et al. 2010), but the exact mechanisms of this process are not yet known. Although a protective 
effect of doxycycline on testicular cells has been described (Sagar et al. 2010), the present study observed a 
reduction in the percentage of viable cells, possibly due to the higher dose administered. 
 
5. Conclusions 
 

The present study showed that exposure to doxycycline hyclate at a dose of 30mg/kg/day causes 
damage to the spermatogenic process, with a significant reduction in a primordial population of germ cells, 
the spermatogonia. Furthermore, there was a dose-dependent increase in the percentage of cells with 
damage, indicating that doxycycline can affect testicular germ cells, affecting the spermatogenic process in 
Wistar rats. 
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