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Abstract

Objectives Our aim was to investigate the long-term
preventive effect of propofol on testicular ischemia—
reperfusion injury in a rat model.

Methods Twenty-four adult male Sprague-Dawley rats
were randomly divided into four groups (n = 6 for each
group), control, sham-operated, torsion/detorsion (T/D) and
T/D + propofol. Testicular ischemia was achieved by
twisting the left testis 720° clockwise for 2 h. Half an hour
before detorsion, 50 mg/kg propofol was given intraperi-
toneally to the T/D + propofol group. Ipsilateral orchiec-
tomies to determine mean testicular weights and
histopathological examination according to Johnsen’s
mean testicular biopsy score criteria were performed
30 days after surgical procedure in all groups.

Results Mean testicular weights were 1.57 & 0.12 g in
group I, 1.59 £ 036 g in group II, 0.84 £ 0.20 g in
group III and 0.87 £ 0.29 g in group IV. Mean testicular
weights decreased significantly in the T/D groups, but no
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improvement in testicular weight was observed with pro-
pofol administration (p 0.9372). Similarly, the Johnsen’s
mean testicular biopsy scores of the T/D groups were lower
than those of the control and sham-operated groups, but no
positive effect was determined with the administration of
propofol in the T/D groups (p 0.1797).

Conclusions Our results showed that there is no apparent
long-term therapeutic potential attendant on using propofol
in the treatment of testicular ischemia—reperfusion injury
caused by testis torsion.
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Introduction

Testicular torsion is a surgical emergency mainly affecting
newborns, children and adolescent boys [1, 2]. Previous
studies have demonstrated a clear correlation between
duration of torsion and subsequent testicular functions [3].
Surgical detorsion should, therefore, be performed as early
as possible [1, 3-6]. Although the mechanism is not
completely understood, current studies have demonstrated
that the primary pathophysiological event in testicular
torsion is ischemia followed by reperfusion injury [1, 3-5,
7-11]. Abundant amounts of nitrogen and reactive oxygen
species (ROS) are produced in the reperfusion period due
to a considerable oxygen supply to the tissue [1, 11]. ROS
can react with lipids in the cell and mitochondrial mem-
branes and initiate the lipid peroxidation process. In addi-
tion, they can stimulate chain reactions by interacting with
proteins and nucleic acids, causing cellular dysfunction
[5, 6].

In general, formed ROS are eliminated by enzymatic
and non-enzymatic antioxidants. In case of excessive ROS
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production or failure of the cellular antioxidant defense
system, ROS may lead to cellular dysfunction and even
death. In this situation, administration of antioxidants may
have a potential benefit in neutralizing ROS [6]. Several
anti-inflammatory drugs or antioxidants (ibuprofen, dehy-
droepiandrosterone, caffeic acid phenyl ester, N-acetyl-
cysteine, morphine, erdosteine, allopurinol, resveratrol,
selenium, propofol, etc.) have to date been tested to prevent
ischemia—-reperfusion (I/R) injury in the testis [1, 6-8, 10].

Propofol (2, 6-diisopropylphenol), a widely used intra-
venous anesthetic, has exhibited potent antioxidant activity
against lipid peroxidation in both in vitro and in vivo
studies. Its structure contains a phenolic hydroxyl group
and thus resembles that of a-tocopherol (vitamin E), a
natural antioxidant. As shown by previous studies, its
antioxidant activity results partly from this phenolic
chemical structure [12]. The antioxidant activity of pro-
pofol in testicular I/R injury has been demonstrated
chemically and histologically by experiments on rats as
previously shown in the intestinal mucosa, heart, cerebrum
and joints [5, 6, 11, 13-19]. However, in these studies,
evaluations were performed in a short period (within hours)
after testicular torsion, and there has been no evaluation of
the preventive effect of propofol on spermatogenesis in any
long-term study.

Our aim in this experimental study was to investigate
whether propofol may protect spermatogenesis from I/R
injury in rats.

Materials and methods

Twenty-four mature male Sprague—Dawley rats weighing
400425 g were selected. The animals were housed under
standard conditions, in individual cages in a temperature
and light-controlled room and allowed ad libitum con-
sumption of sterile food (animal chow) with free access to
food and water. For the last 12 h before the study they were
given only water. All animal experiments were performed
after receiving the Karadeniz Technical University Animal
Care and the Ethics Committee approval, in compliance
with the principles of laboratory animal care (National
Institutes of Health publication no. 85-23; revised, 1985).

Study protocol and groups

Rats were randomly divided into four groups of six animals
each. To maintain uniformity during the study, interven-
tions were conducted at the same time on each rat in each
group. Animals were anesthetized with an intraperitoneal
injection of 50 mg/kg of ketamine hydrochloride (Ketalar,
Eczacibasi, Turkey).
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Group I: Constituted to determine baseline values of
histopathological parameters.

Group II (sham-operated): This group was constituted to
investigate the effect of surgical stress on spermatogen-
esis. The left testes were extracted through an ilioingui-
nal incision and then replaced with a fixation to the
scrotum. The wound was closed using 4-0 silk suture.
Group III (Torsion/Detorsion): Torsion was created by
rotating the left testis 720° clockwise and maintained by
fixing the testis as described by Turner et al. [20]. After
2 h of torsion, the testis was counter-rotated to the
natural position and replaced into the scrotum.

Group IV (Torsion/Detorsion plus propofol): The same
surgical procedure was performed as in group III; in
addition, 50 mg/kg propofol (Propofol 1% Fresenius,
Fresenius Kabi AB, Uppsala, Sweden) was injected
transperitoneally 30 min prior to detorsion. The propofol
dose and administration method were adopted from the
study by Unsal et al. [5].

Histological analysis

The study was terminated 30 days after surgical procedure
[3]. All rats were killed by cervical dislocation after the left
testes harvested. All testes were weighed and microscopi-
cally evaluated under a light microscope (Nikon E200) by a
pathologist blinded to which groups they came from. The
testicular specimens were individually immersed in Bou-
in’s fixative, dehydrated in alcohol and embedded in par-
affin. Tissue sections (4-5 pum) were deparaffinized and
stained with hematoxylin and eosin (H&E). Spermato-
genesis was assessed histopathologically using Johnsen’s
mean testicular biopsy score (MTBS) criteria [21]. A score
of 1-10 was assigned to each tubule according to epithelial
maturation under Johnsen’s classification system as fol-
lows: (10) complete spermatogenesis, (9) germinal cell
disorganization, (8) few spermatozoa, (7) no spermatozoa,
(6) few spermatids, (5) no spermatids, (4) few spermato-
cytes, (3) spermatogonia only, (2) Sertoli cells only and (1)
no cells in the tubules.

The groups were compared with each other according to
mean testicular weight and Johnsen’s MTBS.

Statistical analysis

Statistical analyses were performed using computer software
(Prism 3.0, Graphpad Software Inc. San Diego, CA, USA.).
Data were expressed as mean =+ standard deviation. The
Kruskal-Wallis test, Mann—Whitney U test and Spearman
rank correlation coefficient test were used for statistical
analyses. Statistical significance was set at p < 0.05.
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Results

Twenty-four rats were evaluated in this prospective, ran-
domized, experimental study. All rats were alive during the
follow-up period of 30 days after testicular T/D.

Mean testicular weights were 1.57 £ 0.12 g (range
1.36-1.71) in group I, 1.59 &£ 0.36 g (range 0.88—1.90) in
group II, 0.84 £ 0.20 g (range 0.67—1.23) in group III and
0.87 £ 0.29 g (range 0.49-1.24) in group IV. There were
significant differences in mean testicular weights between
the groups; groups III and IV had lower mean testicular
weights than groups I and II (p 0.0017). But there was no
significant difference between groups Il and IV (p 0.9372).
Similarly, no significant difference was determined
between groups I and II (p 0.3095). All comparisons of
mean testicular weights are shown in Fig. 1.

At histopathological evaluation of spermatogenesis,
Johnsen’s MTBS values were 9.50 + 0.54 (range 9-10) for
group I, 9.83 £ 0.40 for group II, 5.66 £ 2.42 (range
4-10) for group III and 7.16 +£ 1.83 (range 5-9) for group
IV. Sample histopathological images from all groups are
shown in Fig. 2. Significant differences were determined
between the groups in terms of Johnsen’s MTBS values;
groups IIT and IV had lower Johnsen’s MTBS values than
groups I and II (p 0.0035). But no significant improvement
with propofol administration was observed in group IV
compared with group III (p 0.1797). Similarly, no signifi-
cant difference was determined between groups I and II
(»p 0.3939). All the comparisons involving Johnsen’s
MTBS values are shown in Fig. 3.

A significant correlation was determined between
mean testicular weight and Johnsen’s MTBS (r 0.8870,
p < 0.0001).

Discussion

Spermatic cord torsion is a urological emergency, and late
presentation or failure to diagnose the condition may cause
permanent testicular damage [22]. Testicular injury due
to torsion and detorsion is an I/R injury attributed
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Fig. 1 Mean testicular weights and all statistical comparisons

to neutrophil infiltration and generation of ROS [23].
Increased oxidative stress during reperfusion after ische-
mia, as demonstrated by greater levels of lipid peroxida-
tion, is accompanied by a decreased level of antioxidant
enzymes [10]. Lysiak et al. also reported germ cell specific
apoptosis after testicular I/R and that an influx of neutro-
phils to the testes was essential for this pathology. This
germ cell specific apoptosis leads to a decrease in testicular
weight and the loss of spermatogenesis [24]. Testicular
torsion of 2 h has been reported as sufficient to enhance
nitric oxide (NO) levels to a point at which they are able to
initiate apoptosis in germinal cells [8, 25].

Many drugs, chemical substances and physical methods
have to date been used to protect testes against I/R injury in
experimental animals, and some have been effective in
preventing testicular damage but have been not adapted to
clinical use [7]. Propofol is a widely used short-acting
intravenous sedative and hypnotic agent used to provide
anesthesia induction and continuous sedation. Propofol
exhibits chemical structure similarities with endogenous
antioxidants such as vitamin E and butylated hydroxytol-
uene, a phenol-based oxygen radical consumer [6, 11]. Due
to the antioxidant potential of propofol, many studies have
been performed on this subject. Previous studies have
shown that propofol effectively blocks the formation of
malonyldialdehyde (MDA), a product of lipid peroxidation
[1, 5, 10, 22].

Some studies have investigated in vivo and in vitro
antioxidant activity of propofol using different methods.
Gulcin et al. [18] reported that propofol exhibits more
effective antioxidant capacity than butylated hydroxyani-
sole, butylated hydroxytoluene and o-tocopherol. Ozturk
et al. [15] demonstrated that prophylactic administration of
propofol protects the brain from oxidative stress due to
traumatic injury. Kaptanoglu et al. evaluated the effect of
propofol on lipid peroxidation and ultrastructural findings
in a spinal I/R injury model. They reported that propofol
reduces lipid peroxidation without improving ultrastructure
1 h after spinal cord injury in rats [16]. Ergun et al. [14]
observed the neuroprotective effects of propofol during
global cerebral I/R injury by the use of the four-vessel
occlusion method in a rat model. However, no clinical data
exist to confirm whether propofol can establish neuropro-
tection in humans [26].

Two previous studies investigating oxidative stress in
animal models of testicular torsion determined lipid per-
oxidation by measuring MDA, NO and histopathological
injury. The results indicate that testicular MDA, NO and
histopathological injury levels were significantly increased
after 2 h of torsion and further increased after 2 h of
detorsion. These studies suggested that propofol adminis-
tration before detorsion may alleviate reperfusion injury,
and although they recommended further investigation to
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Fig. 2 H&E staining of testes
in the four groups: Control and
sham-operated groups (groups I
and II) show normal
seminiferous tubules and have
abundant spermatozoa; the T/D
and T/D plus propofol groups
(groups III and IV) have few
spermatocytes and no visible
spermatozoa or spermatids
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Fig. 3 Johnsen’s mean testicular biopsy scores and all statistical
comparisons

determine the exact mechanisms responsible for the pre-
ventive effects of propofol, this protective effect was
attributed to the fact that propofol appears to inhibit lipid
peroxidation or prevents the formation of peroxynitrite as a
result of inhibition of NO synthase [5, 11]. The long-term
effect of propofol on testicular ultrastructure was not
evaluated in these studies.

Our aim was to investigate the long-term preventive
effect of propofol on testicular I/R injury in a rat model.
The main limitation of our study is that we did not measure
oxidative stress and oxidative damage biochemically in the
early phase of the experiment, because of concerns over rat
death due to large amounts of blood being taken. In our
opinion, in terms of fertility, long-term histological chan-
ges may provide more important information than bio-
chemical properties obtained in the early phase of I/R
injury. Evaluation of the experiment was performed
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30 days after detorsion, on the basis of mean ipsilateral
testes weights and Johnsen’s MTBS. The testicular weight
loss in the T/D groups suggests that the model of I/R injury
was successfully established. In addition, there was a clear
correlation between mean testes weights and Johnsen’s
MTBS. Moreover, there was no impact of surgical stress
observed on the mean testes weights and the mean John-
sen’s MTBS when the control and sham-operated rats were
compared.

In conclusion, the results of this study show that there is
no apparent long-term therapeutic potential for using pro-
pofol in the treatment of testicular I/R injury, despite the
short-term beneficial effects demonstrated.

Conflict of interest There is no conflict of interest.
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