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Simple Summary: Nowadays, a punch biopsy is a simple, reliable and inexpensive method for
different types of tissue sampling. Equally, it is the method of choice for obtaining testicular tissue
samples for pathohistological analysis and sperm for intracytoplasmic sperm injection. The results of
this study clearly showed that a single biopsy has little effect on the biopsied testis, especially on total
fertility. Triple biopsy showed by the same parameters that histological and immunohistochemical
consequences were more significant compared to single but without a significant effect on overall
fertility. Sperm analysis showed that single and triple biopsies did not have a significant effect on
sperm count, motility and morphology. In addition, both single and triple punch biopsies of one
testicle did not significantly affect the overall fertility potential of pubertal rats.

Abstract: Background: The aim of this study was to compare consequences in single and triple
testicular biopsy by biopty gun in pubertal rats using histological and immunohistochemical analysis.
Methods: Thirty-two Sprague-Dawley male rats were used as the experimental model. The rats
were randomly divided into three study groups. The rats from the first group (n = 12) received a
single-biopsy of upper pole of the left testis, while the rats from the second group (n = 10) received
triple-biopsy of upper and lower poles and lateral surface of left testis. The third group (n = 10) was
a control group. On the eightieth day after the biopsy in all rats bilateral orchiectomy and funiculec-
tomy were performed to obtain testicular tissue and sperm for analysis. The consequences of the
puncture were observed by pathohistology, immunohistochemistry and semen analysis. Results:
The results of the study showed lower percentage of sperm count (14.5 mill/mL vs. 16 mill/mL, p =
0.130), sperm motility (24.6% vs. 32.7%, p > 0.05), abnormal sperm (30% vs. 27%, p > 0.05), atrophic
tubules (21% vs. 6%, p < 0.001), volume (1.7 mL vs. 2.28 mL, p < 0.01) and apoptotic index (1.56
vs. 1.19, p = 0.650) in the testes with a triple-biopsy compared to the testes with a single-biopsy.
Semen analysis showed a borderline significant difference between the group with triple-biopsy
where sperm count was lower than it in the control group (14.5 mill/mL vs. 17.5 mill/mL, p = 0.05).
A single-biopsy has little effect on the testis, especially on overall fertility. A triple-biopsy showed
higher degree of the testicular damage but without a significant impact on overall fertility. Semen
analysis showed that single- and triple-biopsies did not have a significant effect on sperm count,
motility and morphology. Conclusion: Biopty gun procedure is a cheap, simple and reliable method
for testicular biopsy in rats without a significant effect on sperm count, motility and morphology.
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1. Introduction

Testicular biopsy is an important diagnostic procedure and considered one of key pro-
cedures in male infertility workup. It is most commonly used in distinction of obstructive
azoospermia and non-obstructive azoospermia and for sperm extraction for intracytoplas-
mic sperm injection (ICSI). In addition, it is a very important diagnostic tool often used
in case of suspected tumors [1]. Male infertility can occur as a consequence of different
pathological conditions such as cryptorchidism, varicocele, testicular torsion, mumps, etc.
In these cases, correct diagnosis is of crucial significance because proper spermiogram from
ejaculate can be acquired only 29–33 months after the beginning of puberty [2]. Objective in-
sight of the morphological condition of testicular tissue can be defined by testicular biopsy.
Testicular biopsy in children, with all its controversies, can be very useful in patients with
cryptorchidism or varicocele and in diagnosing carcinomas in situ (CIS) [3–6]. The only
way to accurately prove the success of hormonal therapy with gonadotropin-releasing
hormone and human chorionic gonadotropin or to evaluate testicular status after which
supplemental hormonal therapy may be started is the testicular biopsy which may be
performed during the orchidopexy [3–6]. It is well known that varicocele can cause certain
histological changes on the testis. Benefit of biopsy is to determinate the patients who
will have a positive effects from the surgery. While the routine indication of a diagnostic
testicular biopsy before varicocele repair in nonobstructive azoospermic (NOA) men is
controversial and not without its own risks, it plays a realistic and important role as most
men with NOA will still require IVF with intracytoplasmic sperm injection (ICSI) to pursue
a biological pregnancy [1–6]. Testicular biopsy is also useful for defining damage in testicu-
lar torsion or other traumas of testicular tissue as well as for the follow-up in condition
during the chemotherapy regime in acute lymphatic leukemia [3,7].

Open testicular biopsy was first introduced by Charny in 1940 [8,9]. In 1984 Cohen
introduced needle biopsy, while Rajfer and Binder first introduced biopty gun in 1989 [8,10].
Testicular biopsy with biopty gun was shown as safe and fast method, with acquiring ade-
quate testicular tissue for the analysis in correlation with open biopsy. Percutaneous testic-
ular needle biopsy is a quick, simple and safe diagnostic procedure. Speed in which needle
passes through testicular tissue does not create significant pain or discomfort [8,10–14].
At the end of the 1990s, open biopsy was used more frequently. The harmfulness of this
method has been showed through early complications, such as inflammation, extraction
site hematoma, which diminished six months after leaving linear scar tissue and calci-
fications behind [15]. Later, many studies have shown benefits of needle, compared to
open biopsy. Nowadays, a biopty gun is often used for a number of indications. Most
frequently it has been used in evaluation of infertility (to distinguish non-obstructive
azoospermia from obstructive) and taking sperm for ICSI. It is also important in children
with cryptrochism, testicular injury and torsion, varicocele as well as for the diagnosis of
malignant diseases. Regarding histological changes as a consequence of open and needle
biopsy it was shown that sixty days after the biopsy inflammatory changes vanquished,
there was no scar formations and no tubular hyalinisation, but there were calcifications as
a dominant histological finding in both groups [16]. Pathological changes in single biopsy
were significantly lower than in triple biopsy using the testicular sperm extraction (TESE)
and testicular fine-needle aspiration (TEFNA) and there were no changes in contralateral
testicular tissue using histological analysis [17,18]. Open biopsy in prepubertal time has no
significant influence on later spermogenesis and fertility in rats [3].

The aim of this study was to compare consequences in single and triple testicular
biopsy by biopty gun spring-loaded needle in pubertal rats using histological and immuno-
histochemical analysis.
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2. Materials and Methods
2.1. Experimental Animals

Thirty-two Sprague-Dawley male rats were used as the experimental model for this
study. The rats were housed in the barn of the University of Split, School of medicine,
two in a cage at a temperature of 20 ± 5 ◦C and a humidity of 55 ± 5%. The day/night
cycle was set at 10/14 h. There were no food/water restrictions. The study protocol was
approved by the Ethics Review Board of University of Split, School of Medicine (reference
2181-198-03-04/10-12-0002) and Ministry of agriculture (reference 525-10/0255-12-2). At
around the age of forty days, rats (weighing about 150 g) were randomly divided into three
experimental groups. The first group (single-biopsy) was consisted of twelve rats while
the second (triple-biopsy) and third (control) groups were consisted of ten rats, each. In
compliance with the study of Nakane et al. [3], increase of apoptotic index was expected in
both experimental groups after single and triple-biopsy. To prove a statistically significant
change of apoptotic index in the biopsied groups compared with the control group at the
significance level a z = 0.05 and for the test strength of 80%, 10 rats were required per group.

2.2. Surgery

Animals from the first two groups were anesthetized by intraperitoneal urethane
injection (20% solution, 1 mL/100 g body weight). The rats from the first group underwent
single punch biopsy of the upper pole of the left testis, while the rats from the second group
underwent a triple punch biopsy of the left testis. The biopsies were performed at the
upper and lower poles and lateral surface of left testis. The biopsies were taken under the
aseptic conditions. Skin disinfection was performed using a stained antiseptic (SkinDes®,
Antiseptica GmbH, Pulheim, Germany) (Figure 1A). A biopty gun (Spring Loaded Biopsy
Needle-GTA 20G, Quistello, Italy) was used for the puncture (Figure 1B). The diameter
of obtained samples was 20G (0.812 mm). On the eightieth day after the biopsy in all of
three groups of rats, under general anesthesia (procedure has been described previously)
and sterile conditions funiculus has been ligated at the level of the external inguinal
opening. The time frame of 80 days was chosen to determine the late immunohistochemical,
histological and spermatogenetic consequences on the testes due to puncture biopsy. After
that a scrotal skin incision was performed and all rats underwent bilateral orchiectomy and
funiculectomy. Epididymal tail and the initial part of the vas deferens were removed and
stored in vial with a solution for storage of sperm cells (Quinn’s Sperm Washing Medium,
Sage In-vitro Fertilization, Inc., Trumbull, CT, USA) to obtain sperm for analysis. The
remaining part of the epididymis and testis were fixed for 24 h in 4% buffered formaldehyde
for histological and immunohistochemistry analyses. Upon completion of the experiment
the animals were sacrificed.
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the operating field; (B)—Puncture of the testes using biopty gun.



Animals 2021, 11, 1569 4 of 13

2.3. Histological Analysis

Testicular tissue, after fixation in 4% buffered formalin for 24 h, was processed using
standard procedures of dehydration and waxing in histokinet Thermo Shandon (GMI
Inc., Ramesey, MN 55303, USA). Afterwards, tissue was paraffin embedded and cut in
5-µm thick sections. The specimens for microscopy were mounted on slides, fixed in a
thermostat for 15 min at 58–60 ◦C, deparaffinized by immersion for 30 min in xylol and
rehydrated two times for 30 min in alcohol solutions of 100%, 96% and 70%, respectively.
The sections were stained with standard hematoxylin-eosin method using an automated
slide stainer (Sakura Tissue-Tek DRS 2000, Tokyo, Japan) and examined histologically. All
tissue samples were analyzed by the same pathologist blinded to the assigned groups of
prepubertal rats. Histological changes between the investigated groups were compared
in terms of the number (mild—less than half of tubules are atrophic; moderate—more
than half of tubules are atrophic; severe—all tubules are atrophic) and focality of atrophic
seminiferous tubules (number of atrophic focuses or diffuse), the percentage of atrophy
and the diameter of the tubules (Figure 2). Histological changes of seminiferous epithelium
were analyzed according to Johnsen’s criteria [19,20].
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2.4. Immunohistochemistry

To measure apoptosis and apoptotic index the following immunohistochemical proto-
col was used. All paraffin blocks, with tissue from the central part of the testis, were cut
at 5 µm, mounted on salinized slides and stained in an automated immunohistochemical
slide stainer Ventana Benchmark. Incubation with primary rabbit antibody on rat cleaved
caspase-3 (Asp175 cleaved caspase-3, Cell Signaling, Danvers, MA, USA) in concentration
1:500 was 60 min. A visualization system with chromogen diamino-benzidine tetrahy-
drochloridine were used. Brown intensive diffuse or granular nuclear expression was
regarded as positive for caspase-3 antibody (Figure 3). The stained samples were analyzed
with light microscope (BX 41, Olympus, Tokyo, Japan). Apoptotic cells were counted in
germ cells as well as in somatic cells. The results were presented as the apoptotic index
(AI), which represented the number of positively stained cells per hundred cells analyzed
throughout 10 high power fields of view.
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Figure 3. Immunohistochemical analysis of apoptotic activity. Positive immunostaining for cleaved
caspase 3 in germ cells (red arrow), magnification ×40.

2.5. Sperm Extraction for Analysis of Sperm Count, Motility and Morphology

Epididymal tissue samples were incubated in a collagenase for 90 min at 37 ◦C in a
CO2 incubator. After removal from the incubator the tissue was abundantly macerated with
sterile needles and centrifuged at 500–800 g for 10 min. After removal of the supernatant
with collagenase, the sample was resuspended in 0.5 mL of sperm-wash media and 10 µL
of suspension was placed in a sperm counting chamber (Makler Counting Chamber, Sefi-
Medical Instruments, Haifa 31070, Israel). Then, the number and motility of sperm and the
percentage of abnormal forms of sperm were determined.

2.6. Statistical Analysis

Obtained data was analyzed using R software version 3.6.3 (R Core Team, Auckland,
New Zealand) environment for statistical computing and graphics. Normality of investi-
gated variables was checked using the Shapiro–Wilk test. If the analyzed variable, within
all three groups, follows a normal distribution, the difference between the groups was
tested by ANOVA or Welch one-way tests, depending on the homogeneity of variance. For
homogeneity of variance Leven test was used. In the case of a statistically significant result,
further analysis was performed by Tukey or Games–Howell post-hoc test. If the analyzed
variable within one or more groups deviates from the normal distribution, the differences
between the groups were tested by the Kruskal–Wallis test and in the case of a statistically
significant result by the post-hoc Holm’s method. Comparisons between left and right
testicles were performed using Student t test and Mann–Whitney U test. All the tests were
two-sided and the significance level of 0.05 was used.

3. Results

In this study, statistical processing of several parameters for the left testicles, right
testicles and, finally, both of them were performed. Statistically significant differences in
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following parameters for left testicle were found: volume (p < 0.001), sperm count (p < 0.05),
apoptotic index (p < 0.01), percentage of atrophic tubules (p < 0.001) and Johnsen score
(p < 0.001). The most important parameters for the left testicles are shown in Table 1.

Table 1. Examined variables for left testicles.

Groups
Variables

Single and Triple-Biopsy Single-Biopsy and Control Triple-Biopsy and Control

Statistical
Analysis

Median (IQR) or
Mean ± SD

Post-Hoc
Test

Median (IQR) or
Mean ± SD

Post-Hoc
Test

Median (IQR) or
Mean ± SD

Post-Hoc
Test

Volume
(mL)

H = 15.6;
p < 0.001 a

2.28 (2.25–
2.29)

1.7 (1.71–
1.81)

z = 3.6; p
< 0.01 d

2.28 (2.25–
2.29)

2.39 (2.29–
2.71)

z = 2.1
p = 0.052 d

1.7 (1.71–
1.81)

2.39 (2.29–
2.71)

z = 4.8
p < 0.001 d

Sperm
count

(mill/mL)

H = 6.5;
p < 0.05 a

16 (15.75–
17.25)

14.5
(13.25–
15.75)

z = 1.9; p
= 0.13 d

16 (15.75–
17.25)

17.5
(16.25–
18.75)

z = 2.6
p = 0.380 d

14.5
(13.25–
15.75)

17.5
(16.25–
18.75)

z = 2.6
p = 0.05 d

Sperm
motility

(%)

(F = 3.1;
p > 0.05) *

F = 1.5;
p > 0.05 b

32.7 ±
15.8

24.6 ±
18.4 - 32.7 ±

15.8 35.4 ± 7.6 - 24.6 ±
18.4 35.4 ± 7.6 -

Abnormal
sperm (%)

H = 4.3;
df = 2; p >

0.05 a

27
(25.5–29)

30
(28–33.5) - 27

(25.5–29)
31 (28.5–

35.5) - 30
(28–33.5)

31 (28.5–
35.5) -

Apoptotic
index

(F = 4.9;
p < 0.05) *
F = 11.2;
p < 0.01 c

1.19 ±
1.04 1.56 ± 0.9 t = 0.89; p

= 0.65 e
1.19 ±

1.04
0.36 ±

0.19
t = 2.72

p = 0.015 e 1.56 ± 0.9 0.36 ±
0.19

t = 4.1
p < 0.01 e

Atrophic
tubules

(%)

H = 26.9;
p < 0.001 a

6 (3.75–
7.25)

21 (14.75–
27.5)

z = 5.5; p
< 0.001 d

6 (3.75–
7.25) 0

z = 9.8; df
= 11; p <
0.001 d

21 (14.75–
27.5) 0 z = 15.6

p < 0.001 d

Johnsen
score

H = 25.2;
p < 0.001 a 3 (3–4) 3(3–3) z = 2.54; p

< 0.05 d 3 (3–4) 10 (8–10) z = 8.2
p < 0.001 d 3(3–3) 10 (8–10) z = 14.9

p < 0.001 d

* Levene test; a—Kruskal-Wallis test; b—ANOVA; c—Welch’s ANOVA; d—Holm’s method; e—Games-Howell test; IQR—Interquartile
range; SD—Standard deviation.

A significant difference in left testicle volume between experimental groups has been
determined (p < 0.001). Post hoc analysis using the Holm’s method revealed a statistically
significant difference between the single and triple-biopsy groups (p < 0.01); thus, the rats
from the triple-biopsy group had a significantly smaller left testicular volume compared to
the rats from single biopsy group. The same finding was noted between the triple-biopsy
and control groups (p < 0.001) which shows that the volume of the left testicle of the rats
from control group is significantly higher compared to the rats triple-biopsy group, while
no significant difference was found between the rats from single-biopsy and control groups
(p > 0.05) (Figure 4).

Sperm count analysis revealed a difference between the observed groups. Post hoc
analysis showed that single-biopsy group did not have a statistically significantly different
sperm count compared to triple-biopsy (p = 0.130) and control (p = 0.380) groups, while
the sperm count between the triple-biopsy and control groups was of borderline statistical
significance (p = 0.05) (Figure 5).

Analysis of the apoptotic index showed a significant difference for left testis between
the experimental groups (p < 0.01). Post hoc analysis using Games-Howell test determined
statistically significant difference between the triple-biopsy and control groups (p < 0.01)
and single-biopsy and control groups (p = 0.015). Using Games-Howell test higher apoptotic
index in single and triple-biopsy groups compared to control group has been determined,
while between the single and triple-biopsy groups no statistically significant difference
was found (p = 0.650) (Figure 6).
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A statistically significant difference in the percentage of atrophic tubules between the
experimental groups was found (p < 0.001), which was confirmed by post hoc analysis
using the Holm’s method. The difference between the single and triple-biopsy groups
(p < 0.001) has revealed statistically higher percentage of atrophic tubules in triple-biopsy
group compared to the single-biopsy and control groups which had no atrophic tubules
(p < 0.001). In addition, a statistically significant difference between the single and triple-
biopsy groups was found (p < 0.001) (Figure 7).
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The value of Johnsen score for the left testicle between the experimental groups was
shown as statistically significant parameter (p < 0.001). Post hoc analysis using Holm
method showed statistically significant difference between all of the observed groups
(single and triple-biopsy, p < 0.05; single-biopsy and control, p < 0.001; triple-biopsy and
control, p < 0.001). Control group had the maximum score while single and triple-biopsy
groups had differences in the Johnsen score (Figure 8). Despite the statistically significant
difference between the single and triple-biopsy, this difference has no clinical value.

Statistical analysis did not reveal significant difference in the sperm motility (ANOVA;
p > 0.05) as well as in the percentage of abnormal sperm of the left testis between the
experimental groups (Kruskal-Wallis test; p > 0.05).

To perform appropriate control of the experiment the results of left testis, from which
the biopsy was taken were compared with the right testis, which was left intact (Table 2).

In the triple-biopsy group volume of the right (intact) testicle was significantly higher
compared to the volume of the left (punctured) testicle (p < 0.01) (Figure 9A). Significantly
higher values of AI were found in left (punctured) testicles compared to the right (intact)
testicles (p = 0.01) (Figure 9B).
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(Kruskal-Wallis test; p < 0.001).

Table 2. Comparison between left (punctured) and right (intact) testicles in single and triple-biopsy groups.

Group
Variables

Single-Biopsy Triple-Biopsy

Median (IQR) or Mean ± SD
p

Median (IQR) or Mean ± SD
p

Left Testis Right Testis Left Testis Right Testis

Volume (mL) 2.28 (2.25–2.29) 2.28 (2.28–2.52) 0.36 1.74 ± 0.44 2.38 ± 0.33 <0.01
Sperm count (mill/mL) 16.7 ± 2.64 16.5 ± 2.39 0.87 14.5 (13.25–15.75) 15.25 (13.25–17.5) 0.47

Sperm motility (%) 32.7 ± 15.8 34.6 ± 18.1 0.79 24.6 ± 18.4 29.1 ± 17.6 0.58
Abnormal sperm (%) 28 ± 4 27.8 ± 5.1 0.93 30 (28–33.5) 31 (26.5–34) 0.85

Apoptotic index 1.19 ± 1.04 0.59 ± 0.29 0.08 1.56 ± 0.9 0.63 ± 0.38 0.01
Atrophic tubules (%) 6 (3.75–7.25) 0 (0–0.4) <0.001 21 (14.75–27.5) 0 (0–0.23) <0.001

Johnsen score 3 (3–4) 10(6.5–10) <0.001 3 (3–3) 10 (7.25–10) <0.001

IQR—Interquartile range; SD—Standard deviation.
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Higher percentage of atrophic tubules has been found in the group of left (biopted)
testicles compared to the right (intact) testicles in single-biopsy (p < 0.001) and triple-biopsy
(p < 0.001) groups (Figure 10).
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The value of Johnsen score was significantly lower in the left (biopted) testicles
compared to the right (intact) testicles in both single-biopsy (p < 0.001) and triple-biopsy
(p < 0.001) groups (Figure 11).
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4. Discussion

This study clearly proved that triple and especially the single testicular punch biopsy
does not have gross effects on testicular function and sperm production in pubertal rats,
suggesting that their fertility is most probably not impaired. For example, statistically
significant difference in left testicular volume between biopsied left testicles and control
group does not affect testicular function and sperm production in rats. The percentage of
atrophic tubules in left testicles in triple punch group was significantly higher compared to
single punch group. There were no atrophic tubules in the control group. Johnsen score
values fort the left testicles and the total values of the Johnsen score for both testicles were
statistically different. That means the control group had higher values compared to biopsy
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groups, indicating that there was preserved spermatogenesis of the control group and
impaired spermatogenesis in the testicular tubules that were punctured. The apoptotic
index was different in left as well as in both testicles, with significantly higher values in
biopsy groups compared to the control group. Sperm analysis revealed no statistically
significant difference in the left testicles. The reduced sperm count in triple punch biopsy
group compared to control group reviled borderline significance, while in single punch
biopsy compared to control group no significant difference was found which indicates
less harmful single according to a triple needle biopsy. These findings are probably due
to the small sample size, while on the larger sample the differences would be probably
more expressed. No significant differences between the investigated groups in other
parameters of sperm analysis, such as sperm mobility or morphological abnormality, which
could indicate a possible decrease in fertility, have been found. Analysis of the observed
parameters showed that histological and immunohistochemical changes of punctured
testicles do not have a significant effect on the spermiogram and in particular on the
overall fertility.

Testicular biopsy is an important diagnostic tool in evaluation of male infertility,
especially in terms of the assessment of fertility in men with azoospermia and oligospermia
and determination of the ductal obstruction compared to primary testicular disorders [12].
In addition to the evaluation of male infertility, this method is also very useful in sampling
for ICSI, screening of testicular cancer or monitoring of chemotherapy responses in children
with acute lymphocytic leukemia [7,13]. The applicability of this method causes significant
controversy in pediatric population, but testicular biopsy is very useful for the assessment
of testicular damage in boys with cryptorchidism, varicocele, testicular torsion or testicular
injury [21–25]. Several published studies agreed that findings obtained from testicular
punch biopsy could have a good prognostic value for treatment of varicocele [12,18–20].
The controversy of this method is the fact that biopsy may cause a disorder in testicular
maturation and development, especially if the biopsy is performed at earlier age [3,18].
For a long time, the standard method for obtaining testicular tissue samples was an open
biopsy, but since the nineties of the last century, in human diagnostics and in various
animal models, punch biopsy began to be used more frequently and progressively replaced
open biopsy. The validity of punch biopsy in regards to quality of obtained samples was
compared with open biopsy in several studies. Kessaris and Morey in their studies have
shown a pathohistological correlation of 95–98% with the traditional open biopsy [7,8].

To obtain an appropriate sample for histological analysis, it is necessary to use the
appropriate needle with the appropriate diameter. Rosenlund et al. in their study showed
that a 19G needle diameter used for the biopsy was as good as an open biopsy [13].
According to Nakane et al., the amount of testicular tissue taken from rats in an open biopsy
should not exceed 3% of the total testis weight in order to avoid harmful consequences for
the testis. This amount of testicular tissue is enough for the analysis [3]. In humans, the
volume of the sample taken at biopsy is generally less than 1% of the total testicular weight,
which significantly reduces the possibility of testicular damage [3]. In adult rat model
Cosentino et al. proved that the removal of a relatively large amount of testicular tissue
in unilateral biopsy transiently affects reproductive ability without visible effects on the
opposite testis [26–28]. Many factors may affect the consequences caused by open or punch
biopsy. Except the type of biopsy there are several factors that may affect the final outcome
such as the size of needle, age, localization, direction and number of biopsies [27–30].

According to the previous knowledge based on animal experiments there is no a
firm stand about the consequences of testicular biopsy on spermiogenesis. Still, there
is not enough evidence with the standardized model of experiment performance and
standardized measurements. From the studied literature, it can be concluded that biopsies
performed on larger animals (e.g., dogs, cats) compared to rats’ causes minor consequences.

For definitive recommendations in regards to investigated procedure, as a standard
diagnostic method to be used in human medicine, further studies on larger sample size
should be performed. An observation that minimal immunohistochemical changes were
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present on the non-biopsied right testes, without a clear explanation, may be the subject of
new studies.

5. Conclusions

Nowadays, a punch biopsy is a simple, reliable and inexpensive method for different
types of tissue sampling. Equally, it is the method of choice for obtaining testicular tissue
samples for pathohistological analysis and sperm for ICSI. Our results clearly showed
that a single biopsy has no gross effects on testicular function and sperm production.
Triple biopsy showed by the same parameters that histological and immunohistochemical
consequences were more significant compared to single but without a significant effect on
overall testicular function and sperm production. Sperm analysis showed that single and
triple biopsies did not have a significant effect on sperm count, motility and morphology.
Single and triple punch biopsies of one testicle did not significantly affect the overall
fertility potential of pubertal rats.
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