
Hamidiye Med J 

Copyright© 2026 The Author(s). Published by Galenos Publishing House on behalf of University of Health Sciences Türkiye, Hamidiye Faculty of Medicine. 
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

ORIGINAL ARTICLE

Background: Testicular torsion is a urological emergency that can cause infertility and irreversible damage resulting from testicular 
ischemia-reperfusion (T/IR). The aim of this study was to investigate how D-carvone protects against T/IR injury.
Materials and Methods: Wistar-Albino male rats were randomly divided into SHAM, T/IR, and T/IR + D-carvone groups (8 animals 
in each group). The T/IR + D-carvone group received 20 mg/kg D-carvone for 15 days, with the last dose administered 15 minutes 
before reperfusion. T/IR was applied as 2 hours of ischemia followed by 2 hours of reperfusion.
Results: D-carvone markedly reduced oxidative stress indicators including malondialdehyde, myeloperoxidase, total oxidant status, 
oxidative stress index, ischemia-modified albumin, and neutrophil gelatinase-associated lipocalin, as well as proinflammatory 
cytokines such as tumor necrosis factor-alpha, interleukin-1 (IL-1) beta, and IL-6 compared with the T/IR group, while enhancing 
antioxidants including total antioxidant status, glutathione, and catalase, as well as the anti-inflammatory cytokine IL-10. 
Histopathological analysis revealed the preservation of seminiferous tubule architecture and an improvement in Johnsen scores in 
the D-carvone-treated group. Immunohistochemical analysis showed that D-carvone treatment decreased the expression of nuclear 
factor kappa B, Caspase-3, and 8-hydroxy-2′-deoxyguanosine.
Conclusion: D-carvone exerts significant protective effects against T/IR injury by modulating inflammation, oxidative stress, and 
apoptosis. The findings suggest that D-carvone might protect against testicular damage; however, additional research is necessary 
to assess its effects on infertility.
Keywords: Testicular torsion, ischemia-reperfusion injury, D-carvone, oxidative stress, apoptosis, inflammation

 Amaç: Testis torsiyonu, infertiliteye ve testis iskemi-reperfüzyonu (T/IR) nedeniyle geri dönüşümsüz hasara yol açabilen ürolojik bir 
acil durumdur. Bu çalışmanın amacı, D-karvonun T/IR hasarına karşı nasıl koruma sağladığını araştırmaktır.
Gereç ve Yöntemler: Wistar-Albino erkek sıçanlar rastgele SHAM, T/IR ve T/IR + D-karvon gruplarına ayrıldı, her grupta 8 hayvan vardı: 
tedavi grubuna 15 gün boyunca 20 mg/kg D-karvon verildi, son doz reperfüzyondan 15 dakika önceydi. Testis iskemi-reperfüzyonu 2 
saat iskemi ve 2 saat reperfüzyon şeklinde uygulandı.
Bulgular: D-karvon, T/IR grubuna kıyasla oksidatif stres göstergelerini (malondialdehit, miyeloperoksidaz, total oksidan statü, 
oksidatif stres indeksi, iskemi modifiye albümin ve nötrofil jelatinaz ilişkili lipokalin) ve proinflamatuar sitokinleri [tümör nekroz 
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Introduction

Twisting of the spermatic cord around its axis is a sign 
of testicular torsion, a urological emergency. There are 
basically two kinds of torsion: intravaginal torsion, which 
happens inside the tunica vaginalis, and extravaginal 
torsion, which affects the tunica vaginalis itself (1).

Extravaginal torsion typically manifests perinatally as 
the testicle descends into the scrotum, but intravaginal 
torsion is more common in teenage males, especially those 
with the bell-clapper deformity. Males of all ages may be 
affected, although newborns, children, and adolescents are 
more likely to experience the condition. The estimated yearly 
incidence of this condition is 4.5 per 100,000 males, while 
regional variations may occur (2,3). Orchiectomy is required 
in 42% of patients with testicular torsion, which accounts 
for 10–15% of acute scrotal diseases. Acute unilateral 
scrotal discomfort, nausea, and vomiting are the hallmarks 
of this urological emergency. On physical examination, the 
cremasteric reflex is usually absent. Ischemia-reperfusion 
(IR) injury may occur in testicular tissue if it is not identified 
promptly and treated with an appropriate surgical 
procedure. This could result in decreased fertility or require 
an orchiectomy (4).

Testicular torsion results in two-phase damage: ischemia 
due to interrupted blood supply, followed by reperfusion 
after surgical detorsion. Reduced oxygen delivery during 
ischemia causes hypoxia, adenosine triphosphate 
depletion, acidosis, and calcium overload, all of which 
initiate damage to testicular cells. Additionally, hypoxia 
increases oxidative stress and inflammatory mediators. 
Reperfusion paradoxically exacerbates damage due to 
increased formation of reactive oxygen species (ROS), 
infiltration of inflammatory cells (particularly neutrophils 
and CD4 T cells), release of cytokines, and further calcium 
accumulation. Together, these occurrences may harm 
germ cells, impede mitochondrial activity, and result in 
infertility or testicular loss. Lipid peroxidation, DNA damage, 
edema, and inflammatory cascades are characteristics of 
reperfusion injury that worsen testicular damage caused by 
ischemia (5-8).

In general, the length of ischemia and the extent of the 
resulting IR injury determine the prognosis of testicular 
torsion. Many studies have indicated that prompt diagnosis 
and timely surgical treatment can help minimize testicular 
damage and its most serious consequences, such as infertility. 
To avoid treatment-related problems and diagnostic delays, 
more sophisticated therapeutic research is required.

Dietary seeds, especially cumin seeds, contain a 
substance called D-carvone in their essential oil, which 
has antitumoral, antiproliferative, and antihypertensive 
properties. Additionally, D-carvone’s antioxidant, anti-
inflammatory, and antiapoptotic qualities have been 
demonstrated to diminish infarct size and show protective 
effects against cerebral IR damage in a rat model of the 
injury (9,10). The main component of Carum carvi essential 
oil is D-carvone, a monoterpene with a distinct caraway-like 
aroma; D-carvone is also present in the seed oil of Anethum 
graveolens (dill) (11). Its pharmacological advantages 
have been validated by numerous research (12-14). The 
development of pre-neoplastic lesions, oxidative stress, 
and the activity of biotransformation enzymes in colon 
carcinogenesis have all been shown to be modulated by 
D-carvone (15). Additionally, D-carvone has been shown to 
reduce insulin resistance, hepatic steatosis, and obesity in 
animal models. Besides, it has been demonstrated to lower 
hyperglycemia in diabetic rats by modulating the activity 
of essential enzymes involved in carbohydrate metabolism 
(16).

The present investigation aims to examine the 
protective effects of D-carvone, a potential agent against 
ischemia–reperfusion injury caused by testicular torsion, a 
condition associated with impaired reproductive function 
and representing a significant public health concern, by 
evaluating its effects in a testicular ischemia–reperfusion 
(T/IR) model using enzyme-linked immunosorbent assay 
and histopathological techniques.

Several phytochemicals have been shown to confer 
protective effects in animal models by blocking the 
pathophysiological pathways associated with testicular 
torsion. This study examined the preventive effects of 

faktörü-alfa, interlökin-1 beta (IL-1β), IL-6] önemli ölçüde azaltırken, antioksidanları [total antioksidan statü, glutatyon, katalaz] 
ve antiinflamatuar sitokin IL-10’u artırdı. Histopatolojik analiz, D-karvon ile tedavi edilen grupta seminifer tübül mimarisinin 
korunduğunu ve Johnsen skorlarında iyileşme olduğunu ortaya koydu. İmmünohistokimyasal analiz, D-karvon tedavisinin nükleer 
faktör kappa B, Kaspaz-3 ve 8-hidroksi-2′-deoksiguanosin ekspresyonunu azalttığını gösterdi.
Sonuç: D-karvonun, inflamasyon, oksidatif stres ve apoptozu düzenleyerek T/IR hasarına karşı önemli koruyucu etkileri vardır. Bu 
bulgular, D-karvonun testiküler hasara karşı potansiyel bir koruyucu ajan olabileceğini düşündürmektedir; infertilite üzerindeki 
etkileri için ileri çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Testis torsiyonu, iskemi-reperfüzyon hasarı, D-karvon, oksidatif stres, apoptoz, inflamasyon
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D-carvone on the complex pathophysiology linked to 
the reperfusion process, which has not been previously 
examined in the literature (16).

Materials and Methods 

Ethics Committee Approval and Animals
The Atatürk University Experimental Animal Ethics 

Committee approved the experimental procedure (approval 
no: 2022/11-260, dated 08.11.2022). The study involved 24 
male Wistar-Albino rats, aged between 12 and 16 weeks 
and weighing 200–250 grams. The Atatürk University 
Experimental Animal Research and Application Center 
conducted all experiments. Animals were kept in controlled 
environments with a 12-hour light/dark cycle for the 
duration of the study. The night before the IR procedures, 
tap water was provided for hydration, while food was 
withheld from the rats. Because this study did not involve 
human subjects, patient consent was not required.

Experimental Procedure, Drugs, and Groups
Thermo Scientific Chemicals provided D-carvone (D(+)-

Carvone, 96 natural) (CAS #2244-16-8). D-carvone was 
given intraperitoneally at a dose of 20 mg/kg, as was the 
case in previous studies (3,17). D-carvone is liquid at room 
temperature and is dissolved in 1% dimethyl sulfoxide to 
obtain the appropriate dose prior to administration.

The investigation utilized twenty-four rats, which were 
randomly assigned to three groups of eight rats each. 
Prior to surgery, the weight of each rat was recorded, and 
intraperitoneal doses of xylazine (8 mg/kg) and ketamine 
(75 mg/kg) were used to produce anesthesia (18,19).

Group I (SHAM): A 1–2 cm incision was made to access 
the peritoneum, and the site was closed with sutures. Four 
hours later, the rats were subjected to general anesthesia, 
their testicles were removed, and they were sacrificed.

Group II (T/IR): A 1–2 cm incision was made in the 
lower abdomen. Both testicles were subjected to 2 hours of 
ischemia using atraumatic bulldog clamps; after removing 
the clamps, reperfusion was applied for 2 hours. After 
reperfusion was completed, blood samples were collected 
by cardiac puncture, and the animals were sacrificed to 
harvest testicular tissues.

Group III (T/IR + 20 mg/kg D-carvone): Rats received 
D-carvone (20 mg/kg) intraperitoneally for 15 consecutive 
days. On day 16, a 1–2-cm lower abdominal incision was 
made to expose the peritoneum, and both testes were 
subjected to ischemia for 2 hours using bulldog clamps. The 
final dose of D-carvone was administered intraperitoneally 
15 minutes before the reperfusion period. A 2-hour 
reperfusion period followed. Following reperfusion, both 

testes were removed and blood samples were collected by 
cardiac puncture.

Blood was collected from the hearts of each set of rats 
while they were sedated prior to euthanasia.

Statistical Analysis 
IBM SPSS Statistics 20 (USA) for Windows was used 

to conduct the statistical analyses. The Tukey Honestly 
Significant Difference test was employed for multiple group 
comparisons following a one-way analysis of variance. 
The mean ± standard deviation was applied to all results.  
The statistical analysis of the pathological results was 
performed using California-based GraphPad Prism software, 
version 7.0. The Kruskal-Wallis and Mann-Whitney U tests 
were used to assess differences in non-parametric data, and 
a p-value of less than 0.05 was regarded as statistically 
significant.

Tissue Homogenization and Biochemical Analysis 
Testicular tissues were combined with phosphate 

buffer to create a 10% homogenate, which was then 
centrifuged at 12,000 rpm on ice for one to two minutes 
for biochemical tests (IKA, Germany). Homogenized tissue 
samples were centrifuged for 30 minutes at +4°C and 5000 
rpm to extract the supernatant. The levels of interleukin-1 
beta (IL-1β) (Cat No: E-EL-R0012, Elabscience), IL-6 (Cat 
No: E-EL-R0015, Elabscience), IL-10 (Cat No: E-EL-R0016, 
Elabscience), tumor necrosis factor-alpha (TNF-α) (Cat No: 
E-EL-R0019, Elabscience), ischemia-modified albumin (IMA) 
(Cat No: EA0053Ra, BT LAB), and neutrophil gelatinase-
associated lipocalin (NGAL) (Cat No: E0762Ra, BT LAB) were 
determined in the supernatants during the biochemical 
evaluation of the groups. The kits’ instructions were followed 
when taking the measurements. IMA concentrations were 
expressed as U/mg protein, whereas testis tissue levels of 
IL-1β, IL-6, TNFα, IL-10, and NGAL were expressed as pg/
mg protein. The resultant supernatants were also used for 
further analyses. All chemicals and enzymes used in the 
measurement of catalase (CAT), malondialdehyde (MDA), 
GSH, and myeloperoxidase (MPO) were obtained from Sigma 
(St. Louis, USA). The reagents were of analytical grade.

Oxidative Stress and Antioxidant Parameters
The method described by Aebi (20) was used to measure 

CAT activity. The results are expressed in terms of protein 
kg-1. Each sample underwent two examinations. MDA levels, 
a marker of lipid peroxidation, were measured using the 
Ohkawa et al. (21) method. The data are displayed as µmol/g 
of protein. Glutathione (GSH) levels were measured using 
the Ellman method, and the results are displayed as µmol/
mg protein. MPO activity was measured in U/mg protein 
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using the Hillegas et al. (22) approach. Using appropriate 
kits, total antioxidant status (TAS) and total oxidant status 
(TOS) levels were determined and reported in mmol/L 
and µmol/L, respectively. The TOS/TAS ratio was used to 
calculate the oxidative stress index (OSI).

Protein Determination 
Tissue protein was determined using spectrophotometry 

in accordance with Lowry et al. (23). Every sample was tested 
twice.

Histopathology
Testicular tissues were fixed in 10% neutral buffered 

formalin for 24 hours. The standard approach was 
employed to process each tissue. Samples were stained 
with hematoxylin and eosin (H&E), cut into 5 μm slices,  
and examined under a light microscope (Leica DM750, 
Flexicam i5). Tissue samples were  checked for necrotic 
changes, cell death, and swelling. The mean testicular biopsy 
score was calculated using the Johnsen score which gave a 
number between 1 and 10 to each tubule (Table 4).

Immunohistochemistry
Oxidative DNA damage, inflammation, and apoptosis 

were evaluated using immunohistochemistry. The primary 
antibodies employed were anti-nuclear factor kappa 
B (NF-κB) (Cat. No. sc-8414, Dilution: 1/100, Santa Cruz 
Biotechnology), anti-8-hydroxy-2′-deoxyguanosine (8-
OHdG) (Cat. No. sc-66036, Dilution: 1/100, Santa Cruz 
Biotechnology), and anti-Caspase-3 (Cat. No. sc-56053, 
Dilution: 1/100, Santa Cruz Biotechnology). The sections were 
treated with the appropriate secondary antibody (Labeled 
streptavidin-biotin immunoenzymatic antigen detection 
system, TP-125-HL, Thermo) after an overnight incubation 
at 4 °C with the primary antibody. The immunological 
reaction was visualized using hematoxylin counterstaining 
and 3,3′-diaminobenzidine-tetrahydrochloride. Positive 
cells were examined using ImageJ®.

Results

Biochemical Results

Impacts on Inflammation
Pro-inflammatory cytokines TNF-α, IL-1β, and IL-6 were 

considerably lower in the D-carvone-treated group than 
in the T/IR group. Relative to the control group, these 
cytokine levels were considerably higher in the T/IR group. 
Conversely, levels of the anti-inflammatory cytokine IL-10 
were much lower in the T/IR group than in the control group 
and noticeably higher in the D-carvone-treated group than 
in the T/IR group (Table 1, Figure 1).

Impact on Oxidant-Antioxidant System
Oxidative stress markers (MDA, MPO, TOS, OSI, and IMA) 

were noticeably higher in the T/IR group than in the control 
group. However, the administration of D-carvone markedly 
reduced the levels of these markers, bringing them close 

Figure 1. Pro- and anti-inflammatory cytokine levels between 
groups. *p < 0.001 comparison with T/IR group; **p = 0.003 
comparison with T/IR group; ***p = 0.038 comparison with T/IR 
group; ****p = 0.001 comparison with T/IR group. IL, interleukin; 
T/IR, testicular ischemia/reperfusion; TNF, tumor necrosis factor.

Table 1. Comparison of pro- and anti-inflammatory cytokine levels between groups.
IL-6 IL-1 β TNF-α IL-10

SHAM (Group I) 24.13 ± 3.90 17.32 ± 2.06 22.02 ± 2.52 16.58 ± 2.42

T/IR(Group II) 54.38 ± 9.06 35.62 ± 12.70 38.25 ± 5.38 10.17 ± 1.39

T/IR+D CARVONE (Group III) 30.67 ± 5.72 23.19 ± 4.42 25.85 ± 3.75 15.17 ± 1.49

I vs. II p < 0.001 p = 0.003 p < 0.001 p < 0.001

I vs. III p = 0.231 p = 0.421 p = 0.263 p = 0.402

II vs. III P < 0.001 p = 0.038 p < 0.001 p = 0.001
Values are presented as mean ± standard deviation. IL, interleukin; TNF, tumor necrosis factor-alpha.
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to control values (Table 2, Figure 2). Conversely, antioxidant 
parameters such as TAS, GSH, and CAT were significantly 
diminished in the T/IR group relative to controls; treatment 
with D-carvone significantly increased these levels, 
restoring them to values comparable to those in the control 
group. Notably, IMA levels, markedly elevated in the T/IR 
group, were considerably lower in the D-carvone-treated 
group (Table 2, Figure 2).

Effect on NGAL
Compared with the control group, the T/IR group had 

higher NGAL levels. However, NGAL levels were comparable 
to those in the healthy control group and were much lower 
in the D-carvone-treated group (Table 3, Figure 3).

Histopathology Results
Histopathological examination (Figure 4a) of testicular 

tissue sections from the SHAM group showed intact 
seminiferous tubules with the typical histologic architecture 
of the germinal epithelium. Conversely, the T/IR group 
exhibited significant disruption of the seminiferous tubules, 
resulting in degeneration and exfoliation of the tubular 
epithelial cell lining. Germ cells were likewise severely 
vacuolated. Furthermore, as seen in Figure 4b, tissue 
sections of this group exhibited edema and congestion. As 
shown in Figure 4c, D-carvone therapy markedly reduced 
these histological changes.

Immunohistochemistry Results
Immunohistochemical staining revealed that NF-κB, 

Caspase-3, and 8-OHdG expression levels were considerably 
elevated in the T/IR group (p < 0.0001) compared with the 

Table 2. Comparison of oxidant and antioxidant levels between groups.
TAS TOS OSI GSH CAT MDA MPO IMA

SHAM (Group I) 8.38 ± 1.41 12.37 ± 1.06 1.53 ± 0.39 262.59 ± 21.89 1.39 ± 0.29 86.64 ± 9.37 0.65 ± 0.14 17.69 ± 1.98

T/IR (Group II) 5.21 ± 1.62 15.37 ± 1.91 3.43 ± 1.87 197.78 ± 21.23 0.74 ± 0.21 116.58 ± 11.29 2.79 ± 0.88 29.81 ± 4.95

T/IR+D CARVONE 
(Group III) 7.74 ± 1.19 12.93 ± 1.16 1.72 ± 0.38 245.81 ± 12.69 1.24 ± 0.36 96.50 ± 11.78 1.09 ± 0.53 19.39 ± 2.92

I vs. II p = 0.004 p = 0.006 p = 0.027 p < 0.001 p = 0.005 p = 0.001 p < 0.001 p < 0.001

I vs. III p = 0.716 p = 0.777 p = 0.956 p = 0.308 p = 0.646 p = 0.287 p = 0.422 p = 0.685

II vs. III p = 0.002 p = 0.024 p = 0.047 p < 0.001 p = 0.03 p = 0.015 p = 0.001 p < 0.001
Values were given as mean ± standard deviation. TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; GSH, glutathione; CAT, catalase; 
MDA, malondialdehyde; MPO, myeloperoxidase; IMA, ischemia-modified albumin.

Table 3. Comparison of NGAL levels among the groups.
SHAM (Group I)  T/IR (Group II) T/IR+D CARVONE (Group III) p-value

NGAL 200.27 ± 12.11 267.71 ± 31.72 226.89 ± 15.13
<0.001a

0.113b

0.013c

Values were given as mean ± standard deviation. agroup 1 vs. group 2; bgroup 1 vs. group 3; cgroup 2 vs. group 3. T/IR, testicular ischemia/reperfusion; NGAL, 
neutrophil gelatinase-associated lipocalin.

Figure 2. Oxidant and antioxidant levels.
For TAS: *p < 0.004 vs. T/IR group; **p = 0.02 vs. T/IR group.
For TOS: *p = 0.006 vs. T/IR group; **p = 0.024 vs. T/IR group.
For OSI: *p = 0.027 vs. T/IR group; **p = 0.047 vs. T/IR group.
For GSH: *p < 0.001 vs. T/IR group.
For CAT: *p = 0.005 vs. T/IR group; **p = 0.03 vs. T/IR group.
For MDA: *p = 0.001 vs. T/IR group; **p = 0.015 vs. T/IR group.
For MPO: *p < 0.001 vs. T/IR group; **p = 0.001 vs. T/IR group.
For IMA: *p < 0.001 vs. T/IR group.
TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative 
stress index; GSH, glutathione; CAT, catalase; MDA, malondialdehyde; 
MPO, myeloperoxidase; IMA, ischemia-modified albumin.
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SHAM group, and that these levels were reduced after 
D-carvone treatment (Figure 5, p < 0.0001). While expression 
of 8-OHdG was shown as dark brown nuclear staining in 
testicular sections, expressions of NF-κB and Caspase-3 
were observed as brown cytoplasmic staining.

Discussion

Because IR damage develops, testicular torsion remains 
a urological emergency with serious consequences for 
male fertility. Oxidative stress, inflammation, and apoptosis 
are pathogenic pathways associated with T/IR that, if not 
addressed, result in irreparable tissue damage. In the T/IR 
injury model, we examined the potential protective effects 
of D-carvone, a naturally occurring monoterpene with 
established anti-inflammatory and antioxidant properties.

T/IR injury was shown to substantially increase 
levels of pro-inflammatory cytokines (TNF-α, IL-1β, IL-
6), oxidative stress markers (MDA, MPO, TOS, OSI, IMA, 
NGAL), and apoptotic and immunohistochemical markers 
(NF-κB, Caspase-3, 8-OHdG) while decreasing levels of 
the anti-inflammatory cytokine IL-10 and antioxidant 
parameters (TAS, GSH, CAT). The restoration of cytokine 
and antioxidant levels toward normal levels, a decrease in 
tissue injury biomarkers, an improvement in the histological 
architecture of the seminiferous tubules, and a decrease 
in the immunohistochemical expression of oxidative, 
inflammatory, and apoptotic markers all demonstrated that 
treatment with D-carvone substantially reversed these 
pathological alterations. The results presented suggest 
that D-carvone provides significant protection against T/IR-
induced testicular damage.

Inflammatory activity that developed post-T/IR was 
mostly reduced by D-carvone treatment, indicating an 
immunomodulatory effect rather than a metabolic one. 
Oxidative stress occurs when ROS exceed the capacity of 
the body’s defense mechanisms, and it has been described 
as one of the major contributors to reperfusion-induced 
tissue damage. In this study, T/IR exposed animals showed a 
marked decrease in endogenous antioxidants TAS, GSH, and 
CAT and an increase in pro-oxidative markers MDA, MPO, 
TOS, OSI, and IMA corresponding biochemical observations 
have been reported previously (3,7). After D-carvone 
administration, the imbalance shifted significantly 
toward increased antioxidant reserves and decreased 
excess oxidants, though not completely reversed. Such 
shifts strongly indicate enhanced antioxidant defense by 
D-carvone toward normalization of cellular redox status.

NGAL, recognized as a responsive biomarker of both 
oxidative and inflammatory stress (24,25), increased sharply 
following IR injury. After administration of D-carvone, NGAL 
levels returned to near-normal levels, suggesting that it 

Figure 3. Comparison of NGAL levels among experimental groups. 
*p < 0.001 comparison with T/IR group; **p=0.013 comparison with 
T/IR group. T/IR, testicular ischemia/reperfusion; NGAL, neutrophil 
gelatinase-associated lipocalin.

Table 4. Johnsen score.
Groups Mean ± standard error

SHAM 9.88 ± 0.13a

T/IR 5.75 ± 0.37b

T/IR+D carvone 7.50 ± 0.42c

Different superscripts (a, b, c) show the difference between groups.

Figure 4. Testicular tissue histopathological alterations (H&E 
stain). Arrowheads: Deterioration of the structure of seminiferous 
tubules. Thin arrows: Degeneration of germ cells. Wavy arrows: 
Luminal shedding and loss of germinal epithelium. Edema in the 
intertubular region is represented by circles (○). (a) SHAM group: 
The seminiferous tubules have a regular germinal epithelial 
layer and normal histological structure. (b) T/IR group: Interstitial 
edema, germ cell loss, epithelium shedding, and noticeable 
structural degradation. (c) Compared to the T/IR group, the T/IR 
+ D-carvone group exhibits less edema and cellular degradation, 
while maintaining some seminiferous tubule structure. The scale 
bar is 100 μm. T/IR, testicular ischemia/reperfusion.
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significantly attenuates the inflammatory response typically 
observed during reperfusion.

Microscopic evaluation confirmed these biochemical 
findings. The testes in the T/IR group without 
D-carvone treatment manifested significant distortion 
of the seminiferous tubules, accompanied by germ-cell 

degeneration, edema, and cytoplasmic vacuoles. Comparable 
degenerative features—reduced tubule diameter, diminished 
testicular volume, and impaired spermatogenesis—have 
been described by others, and the present results follow the 
same pattern (3,26). D-carvone treatment maintained the 
testicular histoarchitecture, consistent with higher Johnsen 

Figure 5. D-carvone treatment attenuates apoptosis, oxidative DNA damage, and inflammation in T/IR. Immunohistochemical staining was used 
to compare levels of NF-κB, 8-OHdG, and Caspase-3 in testicular tissues of the SHAM group (a-d-g), the T/IR group (b-e-h), and the T/IR+D carvone 
group (c-f-i), respectively. Arrowheads indicate positively stained cells. Scale bar 100 µm. The image analysis for evaluating nuclear factor kappa 
B, 8-hydroxy-2′-deoxyguanosine, and Caspase-3 in testis tissue.****p  <  0.0001 vs. SHAM and T/IR group. T/IR, testicular ischemia/reperfusion.
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scores. A previous study on hepatic IR showed extensive 
necrosis, parenchymal disarray, and sinusoidal dilatation 
in tissues of reperfused rats. D-carvone treatment reduced 
necrosis while preserving the histological integrity of the 
liver. Likewise, in the present study’s T/IR group, severe 
degeneration of seminiferous tubules, along with germ cell 
death, edema, and vacuolization, was noted; these changes 
improved following treatment with D-carvone, as indicated 
by preserved testicular histoarchitecture and significantly 
improved Johnsen scores. These findings support the notion 
that D-carvone exerts similar protective effects against IR-
induced damage in different organs (27).

Immunohistochemical studies showed that NF-κB, 
Caspase-3, and 8-OHdG were highly expressed in the T/
IR group, suggesting oxidative DNA damage, inflammation, 
and activation of apoptotic pathways. D-carvone treatment 
significantly reduced the expression of these markers, 
suggesting protective effects against cellular stress induced 
by T/IR. Similarly, Ulaş et al. (28) reported that 20 mg/kg 
D-carvone significantly reduced Caspase-3 levels in an LPS-
induced lung injury model , while Mohamed and Younis 
reported that D-carvone treatment significantly suppressed 
the NF-κB signaling pathway in a hepatic IR model (27). The 
current study’s results are in line with research showing that 
D-carvone effectively protects against IR injury by decreasing 
apoptosis and inflammation, regulating oxidative stress, 
and preserving antioxidant defense capacity. This defense 
mechanism is thought to act by regulating two major 
pathways: NF-κB signaling and the response to oxidative 
DNA damage. 

D-carvone has been reported to exert a neuroprotective 
effect through the reduction of inflammation in the brain 
IR (29). Additionally, it has protective effects from the 
doxorubicin cardiotoxicity (30). Moreover, D-carvone has 
been demonstrated to lessen liver fibrosis caused by carbon 
tetrachloride by blocking oxidative stress (31). Recent 
investigations have shown multiple pharmacological 
actions of D-carvone, including anti-fibrosis and antioxidant 
(31), anti-inflammatory (32), anti-arthritic (11), anticancer 
(33), antinociceptive (34) effects. The protective influence of 
D-carvone against T/IR injury has not been widely explored. 
In the present work, D-carvone showed antioxidant and 
anti-inflammatory effects that contributed to limiting T/
IR-associated tissue damage. Its apparent anti-apoptotic 
activity suggests that the compound may help preserve 
testicular structure and spermatogenic function after 
torsion–detorsion injury, supporting its potential use as 
a preventive agent. More comprehensive and long-term 
studies are needed for clinical use.

Study Limitations
There are several limitations to the study. First, only 

short-term outcomes were studied; hence, the long-
term effects of D-carvone on fertility-related parameters 
and general reproductive performance remain unknown. 
Second, the study was limited to a single, relatively high 
dose of D-carvone—the maximum dose used in previous 
studies—and hence it cannot be used to assess possible 
dose-dependent effects. Third, direct fertility outcomes such 
as sperm parameters, hormonal profiles, and functional 
assessments of reproduction were not included in this 
study. Therefore, findings that may protect against testicular 
ischemia–reperfusion injury at the tissue and molecular 
levels should be viewed with caution regarding any 
conclusions about infertility until further experimental and 
clinical studies clarify the role of D-carvone in reproductive 
function and fertility.

Conclusion

Within the limitations of this study, D-carvone appeared 
to lower oxidative stress by reducing oxidant load and 
reinforcing antioxidant defenses. It also displayed anti-
inflammatory potential, as reflected by a decrease in 
pro-inflammatory cytokines and an increase in anti-
inflammatory mediators. Immunohistochemical results 
indicated decreases in oxidative DNA damage, inflammation, 
and apoptosis. These findings indicate that D-carvone 
has potential as a protective agent against T/IR-induced 
testicular injury.

Ethics
Ethics Committee Approval: The Atatürk University 

Experimental Animal Ethics Committee approved the 
experimental procedure (approval no: 2022/11-260, dated 
08.11.2022).

Informed Consent: Not required.

Footnotes

Authorship Contributions
Surgical and Medical Practices: S.Ö.Ş., Ş.Y.T., A.T., B.G., 

M.C.G., E.L., M.Y., Concept: S.Ö.Ş., Ş.Y.T., A.T., S.Ç., E.L., N.Y., 
M.Y., Design: S.Ö.Ş., Ş.Y.T., A.T., B.G., M.C.G., N.Y., M.Y., Data 
Collection or Processing: S.Ö.Ş., Ş.Y.T., B.G., M.C.G., S.Ç., E.L., 
N.Y., Analysis or Interpretation: S.Ö.Ş., B.G., S.Ç., N.Y., M.Y., 
Literature Search: S.Ö.Ş., Ş.Y.T., A.T., B.G., M.C.G., S.Ç., E.L., 
N.Y., M.Y., Writing: S.Ö.Ş., Ş.Y.T., A.T., S.Ç., N.Y., M.Y.

Conflict of Interest: No conflict of interest was declared 
by the author(s).



Özbek Şebin et al. D-Carvone Protects Against Testicular Injury
﻿

Financial Disclosure: The author(s) declared that this 
study received no financial support.

REFERENCES

1.	 Jacobsen FM, Rudlang TM, Fode M, Østergren PB, Sønksen J, Ohl DA, et 
al. The impact of testicular torsion on testicular function. World J Mens 
Health. 2020;38:298-307. [Crossref]

2.	 Kutluhan MA, Urkmez A, Sahin A, Topaktas R, Gumrukcu G, Verit A, et al. 
Predictive value of ischaemia-modified albumin in spermatogenesis in 
an experimental testicular torsion model. Andrologia. 2020;52:e13471. 
[Crossref]

3.	 Akhigbe RE, Odetayo AF, Akhigbe TM, Hamed MA, Ashonibare PJ. 
Pathophysiology and management of testicular ischemia/reperfusion 
injury: Lessons from animal models. Heliyon. 2024;10:e27760. [Crossref]

4.	 Laher A, Ragavan S, Mehta P, Adam A. Testicular torsion in the emergency 
room: a review of detection and management strategies. Open Access 
Emerg Med. 2020;12:237-246. [Crossref]

5.	 Oyedokun PA, Akhigbe RE, Ajayi LO, Ajayi AF. Impact of hypoxia on male 
reproductive functions. Mol Cell Biochem. 2023;478:875-885. [Crossref]

6.	 Fitridge R, Thompson M. Mechanisms of vascular disease: a reference 
book for vascular specialists. Adelaide: University of Adelaide Press; 2011. 
[Crossref]

7.	 Güler MC, Tanyeli A, Akdemir FNE, Eraslan E, Şebin SÖ, Erdoğan DG, et al. An 
overview of ischemia-reperfusion injury: review on oxidative stress and 
inflammatory response. Eurasian J Med. 2022;54:62-65. [Crossref]

8.	 Vinothkumar R, Nalini N. Supplementation with D-carvone induces 
cytotoxicity and mitochondrial-mediated apoptosis in human colon 
cancer cell lines HT-29 and SW480. IJPBA. 2013;4:502-510. [Crossref]

9.	 Tripathi AK, Prajapati V, Kumar S. Bioactivities of l-carvone, D-carvone, 
and dihydrocarvone toward three stored product beetles. J Econ Entomol. 
2003;96:1594-1601. [Crossref]

10.	 Bouyahya A, Mechchate H, Benali T, Ghchime R, Charfi S, Balahbib A, et al. 
Health benefits and pharmacological properties of carvone. Biomolecules. 
2021;11:1803. [Crossref]

11.	 Chen G, Song Y, Ma F, Ma Y. Anti-arthritic activity of D-carvone against 
complete Freund’s adjuvant-induced arthritis in rats through modulation 
of inflammatory cytokines. Korean J Physiol Pharmacol. 2020;24:453-462. 
[Crossref]

12.	 Zhao M, Du J. Anti-inflammatory and protective effects of D-carvone on 
lipopolysaccharide (LPS)-induced acute lung injury in mice. J King Saud 
Univ Sci. 2020;32:1592-1596. [Crossref]

13.	 Vinothkumar R, Sudha M, Viswanathan P, Kabalimoorthy J, Balasubramanian 
T, Nalini N. Modulating effect of D-carvone on 1,2-dimethylhydrazine-
induced pre-neoplastic lesions, oxidative stress, and biotransforming 
enzymes, in an experimental model of rat colon carcinogenesis. Cell Prolif. 
2013;46:705-720. [Crossref]

14.	 Alsanea S, Liu D. BITC and S-carvone restrain high-fat diet-induced obesity 
and ameliorate hepatic steatosis and insulin resistance. Pharm Res. 
2017;34:2241-2249. [Crossref]

15.	 Muruganathan U, Srinivasan S. Beneficial effect of carvone, a dietary 
monoterpene ameliorates hyperglycemia by regulating the key enzyme 
activities of carbohydrate metabolism in streptozotocin-induced diabetic 
rats. Biomed Pharmacother. 2016;84:1558-1567. [Crossref]

16.	 Abouzed DEE, Bafail DA, Refaie SM, Abdelkader MS, Ezelarab HA, Aboelez 
MO. Pathophysiology and impact of testicular torsion/detorsion on 
male reproduction: therapeutic approach with some phytochemicals. 
Fitoterapia. 2025;106722. [Crossref]

17.	 Erbaş E, Gelen V, Öztürk E. Therapeutic effect of D-carvone on inflammation, 
apoptosis, and cell damage in lithium-induced liver injury model in rats. 
Turk J Vet Res. 2024;8:95-101. [Crossref]

18.	 Kurcer Z, Oguz E, Ozbilge H, Baba F, Aksoy N, Celik N. Effect of melatonin on 
testicular ischemia/reperfusion injury in rats: is this effect related to the 
proinflammatory cytokines? Fertil Steril. 2008;89:1468-1473. [Crossref]

19.	 Isikdemir F, Kurcer Z, Dengiz GO, Sipahi EY, Banoglu ZN, Baba F, et al. 
Effects of montelukast and zileuton on testicular torsion/detorsion injury 
in rats. Andrologia. 2014;46:59-64. [Crossref]

20.	 Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-126. [Crossref]

21.	 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues 
by thiobarbituric acid reaction. Anal Biochem. 1979;95:351-358. [Crossref]

22.	  Hillegas LM, Griswold DE, Brickson B, Rossi G, Griegel DE. Assessment 
of myeloperoxidase activity in whole rat kidney: method and evaluation 
of a progressive model of acute ischemic injury. J Pharmacol Methods. 
1990;24:285-295. [Crossref]

23.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with 
the Folin phenol reagent. J Biol Chem. 1951;193:265-275. [Crossref]

24.	 Gu Y, Sun W, Xu Z, Wang J, Hu X, Lu ZZ, et al. Neutrophil Gelatinase-
Associated Lipocalin 2 accelerates hypoxia-induced endothelial cell 
injury via eNOS/NRF2 signalling. Cell J. 2021;23:435-444. [Crossref]

25.	 Jover E, Matilla L, Martín-Núñez E, Garaikoetxea M, Navarro A, Fernández-
Celis A, et al. Sex-dependent expression of neutrophil gelatinase-
associated lipocalin in aortic stenosis. Biol Sex Differ. 2022;13:71. 
[Crossref]

26.	 Ablimit A, Abdureyim Z, Yang P, Azmat R, Shan W, Yao Q. Testicular AQP1 
expression in a rat model of testicular ischemia-reperfusion injury. J 
Pediatr Urol. 2021;17:169. [Crossref]

27.	 Mohamed ME, Younis NS. Ameliorative effect of D-carvone against hepatic 
ischemia-reperfusion-induced injury in rats. Life. 2022;12:1502. [Crossref]

28.	 Ulaş N, Üstündağ H, Özkanlar S, Erbaş E, Kara A, Özkanlar Y. D-carvone 
attenuates LPS-induced acute lung injury via TLR4/NF-κB and Nrf2/
HO-1 signaling pathways in rats. Naunyn Schmiedebergs Arch Pharmacol. 
2025:1-11. [Crossref]

29.	 Dai M, Wu L, Yu K, Xu R, Wei Y, Chinnathambi A, et al. D-Carvone inhibits 
cerebral ischemia/reperfusion-induced inflammatory response TLR4/
NLRP3 signaling pathway. Biomed Pharmacother. 2020;132:110870. 
[Crossref]

30.	 Abbas MM, Kandil Y, Abbas MA. R-(-)-carvone attenuated doxorubicin-
induced cardiotoxicity in vivo and potentiated its anticancer toxicity in 
vitro. Balkan Med J. 2020;37:98-103. [Crossref]

31.	 Ogaly HA, Aldulmani SA, Al-Zahrani FA, Abd-Elsalam RM. D-Carvone 
attenuates CCl4-induced liver fibrosis in rats by inhibiting oxidative stress 
and TGF-β1/SMAD3 signaling pathway. Biology. 2022;11:739. [Crossref]

32.	 Asle-Rousta M, Amini R, Aghazadeh S. Carvone suppresses oxidative stress 
and inflammation in the liver of immobilised rats. Arch Physiol Biochem. 
2023;129:597-602. [Crossref]

33.	 Ding X, Chen H. Anticancer effects of Carvone in myeloma cells is 
mediated through the inhibition of p38 MAPK signalling pathway, 
apoptosis induction and inhibition of cell invasion. JBUON. 2018;23:747-
751. [Crossref]

34.	 Gonçalves JCR, de Sousa Oliveira F, Benedito RB, de Sousa DP, de Almeida 
RN, de Araújo DAM. Antinociceptive activity of (−)-carvone: evidence of 
association with decreased peripheral nerve excitability. Biol Pharm Bull. 
2008;31:1017-1020. [Crossref]

https://doi.org/10.5534/wjmh.190037
https://doi.org/10.1111/and.13471
https://doi.org/10.1016/j.heliyon.2024.e27760
https://doi.org/10.2147/OAEM.S236767
https://doi.org/10.1007/s11010-022-04559-1
https://doi.org/10.1017/UPO9781922064004
https://doi.org/10.5152/eurasianjmed.2022.22293
https://doi.org/10.1603/0022-0493-96.5.1594
https://doi.org/10.3390/biom11121803
https://doi.org/10.4196/kjpp.2020.24.6.453
https://doi.org/10.1016/j.jksus.2019.12.016
https://doi.org/10.1111/cpr.12062
https://doi.org/10.1007/s11095-017-2230-3
https://doi.org/10.1016/j.biopha.2016.11.025
https://doi.org/10.1016/j.fitote.2025.106722
https://doi.org/10.47748/tjvr.1428357
https://doi.org/10.1016/j.fertnstert.2007.04.065
https://doi.org/10.1111/and.12042
https://www.doi.org/10.1016/s0076-6879(84)05016-3
https://www.doi.org/10.1016/0003-2697(79)90738-3
https://www.doi.org/10.1016/0160-5402(90)90044-h
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://doi.org/10.22074/cellj.2021.7167
https://doi.org/10.1186/s13293-022-00480-w
https://doi.org/10.1016/j.jpurol.2020.12.005
https://doi.org/10.3390/life12101502
https://doi.org/10.1007/s00210-025-04024-y
https://doi.org/10.1016/j.biopha.2020.110870
https://doi.org/10.4274/balkanmedj.galenos.2019.2019.7.117
https://doi.org/10.3390/biology11050739
https://doi.org/10.1080/13813455.2020.1851726

