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SUMMARY 

 

Introduction: Testicular torsion is one of the conditions of the acute scrotum that requires 

immediate surgical intervention. If not recognized at time, it can result of ischemic injuries and 

testicular loss. Restoration of blood flow is essential to save ischemic tissue, but reperfusion 

itself paradoxically causes further damage. Seaweed and sponges are considered to be the 

richest source of bioactive compounds that have antioxidant activity. The antioxidant activity 

of astaxanthin is 10 times higher than zeaxanthin, lutein, cantaxanthin, β-carotene and 100 times 

higher than α-tocopherol. Since to date there is no drug given to patients with torsion-detorsion 

testicular injury, we have investigated the effect of this powerful antioxidant. 

Objective: The aim of this study was to determine the effect of astaxanthin (ASX) on testicular 

torsion-detorsion injury in rats. 

Materials and Methods: Thirty-two male Fischer prepubertal rats were divided into 4 groups 

of 8 individuals. Group 1 underwent sham surgery to determine basal values for histological 

evaluation. In group 2 (torsion-detorsion group), right testis was twisted at 720° for 90 min. 

After 90min of reperfusion, the testis was removed. Astaxanthin was administered 

intraperitoneally at the time of detorsion (group 3) and 45 minutes after detorsion (group 4) in 

the treatment groups. Using software ImageJ®, histological morphometric values were 

measured. 

Results: MSTD (mean seminiferous tubule diameter) values increase statistically significantly 

in ASX groups compared to T/D group. MSLD (mean seminiferous lumen diameter) value was 

statistically significantly lower in the ASX group 3 compared to the T/D group. Epithelial 

height was statistically significantly higher in ASX groups compared to the T/D group. Tubular 

area is statistically significantly higher in ASX group 4, while the luminal area is statistically 
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significantly lower in the ASX group 3 compared to the T/D group. Johnsen score was 

statistically significantly higher in the ASX groups compared to the T/D group. 

Discussion: This is the first scientific paper to study the effects of a single powerful antioxidant 

on all morphometric parameters. In previous scientific papers, scientists have mainly measured 

MSTD and the Johnsen score. 

Conclusion: By measuring all histological morphometric parameters (mean seminiferous 

tubule diameter, mean seminiferous lumen diameter, epithelial height, tubular area, luminal 

area, Johnsen score) it can be concluded that astaxanthin has a favorable effect comparing the 

treated groups to untreated group.  

 

Keywords: astaxanthin; testis; torsion-detorsion; ischemia-reperfusion injury  

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

INTRODUCTION 

 

Testicular torsion is one of the conditions of the acute scrotum that requires immediate 

surgical intervention. Testicular torsion means the rotation of the testicle about a longitudinal 

axis by 180 degrees or more, followed by a cessation of circulation in the testis. If not 

recognized at time, it can result of ischemic injuries and testicular loss. It is a common belief 

that testicular torsion lasting longer than 6 hours is outside the time frame for survival (1). The 

incidence of testicular torsion is 1/4000 men aged 1 to 25 years. The prevalence of testicular 

torsion out of a total of all acute scrotal conditions is 25-50%. It can occur at any age, but 

usually occurs in young men. It is most commonly seen in infants and boys at puberty (2-6).  

Ischemia-reperfusion injury (IRI) is defined as a paradoxical exacerbation of cell 

dysfunction and death, following restoration of blood flow in previously ischemic tissues. 

Restoration of blood flow is essential to save ischemic tissue, but reperfusion itself 

paradoxically causes further damage, threatening organ function and vitality. Free oxygen 

radicals are responsible for causing the inflammatory response in the local tissue, with 

accompanying damage. During reperfusion itself, oxygen influx catalyzes xanthine oxidase by 

degrading hypoxanthine to uric acid. This releases highly reactive anionic superoxide (O2-). The 

superoxide is then converted to hydrogen peroxide (H2O2) and a hydroxyl radical (OH·). The 

main consequence of the production of hydroxyl radicals is the peroxidation of the lipid 

structures of cell membranes resulting in the production and systemic release of 

proinflammatory eicosanoids, disruption of cell permeability and ultimately cell death (7-9). 

An increase in the concentration of free oxygen radicals usually occurs if the mechanisms 

responsible for their removal at some point become insufficient. This upsets the balance 

between prooxidants and antioxidants in favour of prooxidants (a state of oxidative stress). 
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Antioxidants are molecules capable of inhibiting the oxidation of other molecules. They 

are the body's defense system against potential damage by free oxygen radicals that occur 

during oxidative stress (10). In recent decades, interest in natural sources of antioxidants has 

risen sharply. Recently, organisms living in the marine environment have gained much attention 

from the pharmaceutical industry due to the possession of various interesting and useful 

chemical compounds (11). Seaweed and sponges are considered to be the richest source of 

bioactive compounds that have antimicrobial and antioxidant activity (12). A large number of 

different species of algae have been studied for the use of their bioactive compounds as 

functional components of food. Algae grow in extreme environmental conditions resulting in 

the production of large numbers of free oxygen radicals. To cope with this, algae produce 

various secondary metabolites with antioxidant activities such as phycobilins, polyphenols, 

carotenoids, and vitamins (13). 

Astaxanthin (C40H52O4) is a pigment from the xanthophyll family, oxygenated 

derivatives of carotenoids whose synthesis in plants originates from lycopene (14). The green 

microalga Haematococcus pluvialis under stress conditions accumulates a high content of 

astaxanthin (15). In addition to this microalga, astaxanthin is also found in salmon, shrimp and 

crabs, which also gives them a specific shade of red (16). The antioxidant activity of astaxanthin 

is 10 times higher than zeaxanthin, lutein, cantaxanthin, β-carotene and 100 times higher than 

α-tocopherol (17). Astaxanthin and its esters showed 80% antilipid peroxidative activity in rats 

(18). It is soluble in lipids, accumulates in animal tissues, and no toxic effects have been found 

(19). 

Since to date there is no drug given to patients with torsion-detorsion testicular injury, 

we have investigated the effect of this powerful antioxidant. 
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MATERIALS AND METHODS 

 

Animals and reagents 

 

The research was approved by the School of Medicine, University of Zagreb (classification; 

641-01/19-02/01 / registry number; 380-59-10106-19-111/162) and the Croatian National 

Ethics Committee (EP 217/2019). 3R principles were used; "reduction", "refinement" and 

"replacement" and the concept of five freedoms was respected. Thirty-two prepubertal male 

Fischer rats (weight 160-210g, 35 days old) were used in this study. The space in which the 

animals were housed met the following conditions in accordance with good laboratory practice 

(GLP); temperature 20-24°C, relative humidity 55% +/- 10%, controlled lighting, light dark 

cycle 12h/12h and noise level did not exceed 60dB. According to GLP, data were provided in 

such a way that the whole experiment could be repeated in the same way as it was performed 

(traceability). Astaxanthin was purchased from Sigma-Aldrich® (St. Louis, Missouri, USA) 

(≥97% (HPLC), from Blakeslea trispora). Astaxanthin was administered intraperitoneally at a 

dose of 75 mg/kg. 

 

Experimental groups 

 

Rats were randomly divided into 4 groups of 8 individuals in each group; sham-operated (S) 

group, torsion-detorsion (T/D) group, torsion-detorsion + astaxanthin (T/D + ASX) groups. 

Group 1 (S) underwent sham surgery to determine basal values for histological evaluation. After 

the intraperitoneal injection of anesthetic, an incision was made in the right inguinal region, in 

order to pull out the ipsilateral testis, which was immediately returned to its natural position. 
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The skin was sutured with monofilament polyglactin suture 6/0. After suture removal, the 

orchidectomy was performed after 3 hours. 

Group 2 (T - 90min / D - 90min); After an intraperitoneal injection of anesthetic, an incision 

was made in the right inguinal region, to pull out the ipsilateral testis, which was then twisted 

around its axis by 720° in a clockwise direction. It was fixed in that position for 90 minutes. 

After 90 minutes, a detorsion was performed. The skin was sutured twice (0 min, 90 min). 

Orchidectomy was performed 90 minutes from the moment of detorsion. 

Group 3 (T - 90min / D - 90min + ASX at the time of detorsion); After an intraperitoneal 

injection of anesthetic, an incision was made in the right inguinal region, to pull out the 

ipsilateral testis, which was then twisted around its axis by 720° in a clockwise direction. It 

was fixed in that position for 90 minutes. After 90 minutes, a detorsion was performed. At the 

time of detorsion, astaxanthin (75 mg/kg) was administered intraperitoneally. The skin was 

sutured twice (0 min, 90 min). Orchidectomy was performed 90 minutes from the moment of 

detorsion. 

Group 4 (T - 90min / D - 90min + ASX 45 minutes from the moment of detorsion); After an 

intraperitoneal injection of anesthetic, an incision was made in the right inguinal region, to pull 

out the ipsilateral testis, which was then twisted around its axis by 720° in a clockwise 

direction. It was fixed in that position for 90 minutes. After 90 minutes, a detorsion was 

performed. Astaxanthin (75 mg/kg) was administered intraperitoneally 45 minutes after the 

moment of detorsion. The skin was sutured twice (0 min, 90 min). Orchidectomy was 

performed 90 minutes from the moment of detorsion. 
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Surgical procedure 

 

All surgical procedures were performed under aseptic conditions. After shaving the hairs in the 

right inguinoscrotal region, the region was washed with chlorhexidine gluconate (PLIVA®sept, 

Pliva d.o.o., Croatia), then dried and treated with a solution of povidone-iodine 

(Betadine®10%, Alkaloid, Skopje, North Macedonia). An incision was made in the midline of 

the scrotum. Upon opening tunica vaginalis, testis was twisted manually around its axis by 720° 

in a clockwise direction. The testis was fixed to the inner wall of the scrotum with a 

monofilament polyglactin suture 6/0 (Vicryl; Ethicon Inc., Johnson & Johnson Co., Somerville, 

NJ, USA). By removing the suture, the right testicle was manually detorsed to its natural 

position. The skin of the scrotum was also sutured with a monofilament polyglactin suture 6/0. 

All surgical procedures were performed under general anaesthesia induced by intraperitoneal 

injection of ketamine (90 mg/kg) and xylazine (10 mg/kg). The animals were constantly 

monitored. In case of movement, twitching or other signs of awakening, intraperitoneal 

anaesthesia was supplemented in a smaller dose. No animals died during the experiment. The 

opioid analgesic was not used since the experiment was irreversible, ie the animals were 

euthanized from the maintained deep anaesthesia. After the realization of the experimental 

endpoint (orchidectomy), ie the scientific realization of the planned research, the euthanasia of 

rats was performed with the application of T-61 solution (1ml/kg) iv. (Intervet International 

GmbH®, Germany).  
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Histopathologic evaluation 

 

At the end of the surgery and orchidectomy, the testicles were individually fixed in 4% 

formaldehyde. After fixation and dehydration, the tissue was impregnated with xylene after 

which the samples were transferred to a dish with xylene and paraffin (1:1) (thermostat 15 min; 

56°C). Then, every hour, on three occasions, the tissue was placed in pure paraffin, after which 

it was immersed in an embryo dish. After the paraffin blocks had cooled and hardened, they 

were dried and shaped. The blocks were stored at +4°C until analysis. The blocks were cut in 

series with a rotary microtome (thickness - 4μm) and mounted on glass slides, dried, placed in 

a thermostat at 56°C and incubated for 12h. The preparations were stained with haematoxylin 

and eosin (H&E). For each group, the 20 most rounded sections were randomly selected. The 

following values were measured using a microscope (x200 magnification) and ImageJ® 

(software package developed by the National Institutes of Health) software; mean seminiferous 

tubule diameter (MSTD) - the diameter of the seminiferous tubule was measured on the larger 

and smaller axis from which the mean diameter was obtained, mean seminiferous lumen 

diameter (MSLD) - the diameter of the seminiferous lumen was measured on the larger and 

smaller axis from which the mean diameter was obtained, epithelial height, tubular area, luminal 

area and Johnsen score (Fig 1). Depending on the maturity of the germ cells, from the basal to 

the adluminal compartment, spermatogenesis was quantified at a value of 1 to 10 (20). All 

measurements were performed by two independent persons. 

 

Statistical analysis 

 

The design of the experiment was analyzed in detail. With 8 animals per group, we obtained 

equivalent, high-quality data, as if the experiment was done with a larger number of individuals 
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(for α=0.05, power = 95% and effect ≥ 0.9, a sample of 32 animals divided into 4 groups of 8 

individuals was required). The obtained data were analyzed using the Microsoft Excel® 

software program (XLSTAT®) for Windows, version 2020.5.1 (Microsoft Corporation, 

Redmond, Washington, USA). Collected measurements were analyzed for normal distribution 

using the Shapiro-Wilk test. Data are presented as median (interquartile range). Differences 

between groups of continuous data were compared by nonparametric (distribution free) 

Kruskal-Wallis test. The data are presented as follows; chi-square (χ2) = observed value (critical 

value), degrees of freedom (DF), p-value. The Mann-Whitney U test with Bonferroni correction 

was used for pairwise comparisons. A significant overall test, at an alpha 0.05 level of 

significance, was followed by pair-wise testing using a Mann-Whitney test with a Bonferroni-

adjusted alpha level of 0.0083. 

 

RESULTS 

The values of medians and interquartile ranges by groups are shown in table (table 1). A 

Kruskal-Wallis test shows that there is a statistically significant difference in all observed 

parameters between the different groups (at a significance level of 5%); MSTD [χ2 = 55.73 

(7.82), DF = 3, p<0.0001], MSLD [χ2 = 65.69 (7.82), DF = 3, p<0.0001], tubular area [χ2 = 

59.29 (7.82), DF = 3, p<0.0001], luminal area [χ2 = 67.88 (7.82), DF = 3, p<0.0001], epithelial 

height [χ2 = 66.32 (7.82), DF = 3, p<0.0001], Johnsen score [χ2 = 71.02 (7.82), DF = 3, 

p<0.0001]. Post-hoc pairwise comparisons yielded the following results; MSTD [p<0.0001 

(groups 1 and 2, 1 and 3, 1 and 4, 2 and 4), p=0.001 (groups 2 and 3), p=0.038 (groups 3 and 

4)] (graph 1), MSLD [p<0.0001 (groups 1 and 2, 1 and 3, 1 and 4, 2 and 3, 3 and 4), p=0.473 

(groups 2 and 4)] (graph 2), tubular area [p<0.0001 (groups 1 and 2, 1 and 3, 1 and 4, 2 and 4), 

p=0.052 (groups 2 and 3), p=0.000 (groups 3 and 4)] (graph 3), luminal area [p<0.0001 (groups 
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1 and 2, 1 and 3, 1 and 4, 2 and 3, 3 and 4), p=0.028 (groups 2 and 4)] (graph 4), epithelial 

height [p<0.0001 (groups 1 and 2, 1 and 3, 1 and 4, 2 and 3, 2 and 4), p=0.002 (groups 3 and 

4)] (graph 5), Johnsen score [p<0.0001 (groups 1 and 2, 1 and 3, 1 and 4, 2 and 3, 2 and 4, 3 

and 4)] (graph 6). MSTD values increase statistically significantly in ASX groups compared to 

T/D group (172.38 (11.19)) [MSTD is higher in group 4 (195.62 (21.27)) compared to group 3 

(184.05 (7.27))]. The MSLD value was statistically significantly lower in the ASX group 3 

(80.81 (7.46)) compared to the T/D group (101.21 (5.68)). Epithelial height was statistically 

significantly higher in ASX groups compared to the T/D group (35.92 (5.26)) [highest in group 

4 (45.18 (4.26))]. The tubular area is statistically significantly higher in ASX group 4 (29910.52 

(1658.64)), while the luminal area is statistically significantly lower in the ASX group 3 

(5322.76 (1050.15)) compared to the T/D group. The Johnsen score was statistically 

significantly higher in the ASX groups compared to the T/D group (highest in group 4 (7.00 

(0.00)) (Fig 2). 

 

 

DISCUSSION 

All results of histopathological research indicate that astaxanthin has a favorable effect 

in ischemic-reperfusion injury of testicular tissue. It is obvious that the variables MSTD, tubular 

area, MSLD, luminal area, epithelial height and Johnsen score are better in group 3 and group 

4 compared to the T/D group. It would be expected that the results of all variables would be 

better in group 3 compared to group 4 since in group 3 astaxanthin was administered at the time 

of detorsion, but the results are better in most parameters in group 4 (MSTD, tubular area, 

epithelial height, Johnsen score). The answer to the possible cause of the obtained results is 

found in the fact that sluggishness of return blood flow may limit the vascular capacity to deliver 
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appropriate antioxidant doses to testes during the immediate post-torsion period. Variety of 

studies have shown that the first 60-90 minutes after initial reperfusion is the critical time in 

which the toxic burst of oxygen radicals will occur from invading neutrophils, macrophages, or 

even resident parenchymal cells (21). We can also note the fact that the MSLD variable, and 

thus the luminal area, do not follow the expected decline in group 4 relative to group 3 and the 

sham group. This interesting cognition certainly requires further research. 

Although so far no one has studied the effect of astaxanthin on ischemic reperfusion 

testicular injury in rats, the effects of its precursor lycopene have been investigated. Hekimoglu 

et al. investigated histopathological changes after one-hour ischemia by vascular clamp and 

twenty-four-hour reperfusion (22). The group that received lycopene showed statistically 

significantly better results of the Johnsen result (p <0.05), compared to the group where only 

torsion-detorsion was performed. In preclinical studies, when we observe ischemic reperfusion 

injury of the testis and the possible favorable effects of certain substances, we consider that 

ischemia should be performed through torsion rather than ligating the vessels with a vascular 

clamp, since torsion initially clogs veins but not arteries and thus causes partial ischemia in 

early period of torsion. Güzel et al. (23) investigated the effect of intraperitoneal lycopene 

administration. In their model, the 720° torsion lasted for two hours, after which lycopene was 

administered for 3 and 10 days. MSTD and Johnsen scores were higher in the lycopene group 

given intraperitoneally for three days compared to the lycopene-free group. Also, when 

comparing the results of sham groups of the Johnsen score in the Hekimoglu et al. (8.9 ± 0.18) 

and Güzel et al. (9.44 ± 0.70) studies with our results (7.9 ± 0.30), it is important to note that 

we investigated the effect of astaxanthin on prepubertal rats for the well-known fact that 

testicular torsion in humans occurs primarily in adolescence and preadolescence (the 

prepubertal rat testis, where spermatogenesis has begun, is similar in status to the early 

adolescent human testis, which commonly experiences the effects of torsion) (24). Given the 



13 
 

results of previous and our research, it would certainly be useful to investigate the possible 

favorable effects of β-Carotene, zeaxanthin, canthaxanthin and violaxanthin since they are all 

part of the biosynthetic pathway of astaxanthin (25). 

In the last 20 years, astaxanthin has attracted the attention of researchers around the 

world, and day by day we are witnessing an increasing publication of papers which 

investigating the effects of astaxanthin. Otsuka et al. (26) conclude that astaxanthin prevented 

damage caused by retinal ischemia and that its use could be effective in protecting against 

neurodegeneration during ischemic retinopathy. The effect of astaxanthin was also examined 

in ischemic-reperfusion injury of the liver and muscles with equally optimistic results in favor 

of a favorable effect (27,28). Ischemic-reperfusion injury of the myocardium was dealt with by 

a team of researchers led by Lauver. They concluded that disodium disuccinate astaxanthin has 

a beneficial effect on harm reduction (29). Astaxanthin has been shown to be effective in 

preserving renal function and histology by antioxidant activity in a mouse kidney model (30). 

Tripathi and Jena (31) talk about astaxanthin as a germ cell protector, i.e. a chemoprotector of 

cyclophosphamide-treated mice. The positive effect of astaxanthin on steroidogenesis in Leydig 

cells was described by Wang et al. (32). 

Natural astaxanthin is sold in the European Union in a range of products in daily doses 

up to 12 mg and are approved by national authorities worldwide in daily doses up to 24 mg. 

Studies, involving more than 2,000 participants, found no significant toxicity at any dose for 

natural astaxanthin. Natural AX has shown an excellent clinical safety profile at short-term 

daily doses up to 100 mg and long-term daily doses averaging between 8 and 12 mg (33). The 

safety of astaxanthin has been assessed in rats after receiving daily oral administration of 

astaxanthin-rich H. pluvialis biomass at concentrations up 500 mg/kg/day for 90 days, or 

synthetic astaxanthin in a range between 880 and 1240 mg/kg/day for 13 weeks (34,35). 

Katsumata et al. performed a sub-chronic-toxicity evaluation of a natural astaxanthin-rich 
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carotenoid extract produced from the natural bacteria Paracoccus carotinifaciens suspended in 

olive oil and administered daily to rats by oral gavage at doses of up to 1000 mg/kg/day for 13 

weeks. The only result highlighted was the excretion of dark-red colour feces without reporting 

any considerable adverse effect (36). Some studies have shown limitations after oral 

administration such as low stability, bioavailability and bioefficacy, revealing a need for the 

implementation of new biomaterials to act as astaxanthin vehicles in vivo (37). Given that 

scientists have recently become more and more interested in antioxidants derived from 

microalgae, it is to be expected that many of them (certainly astaxanthin) will find application 

in clinical medicine. To date, there are no clinical studies on the effect of astaxanthin on 

ischemic-reperfusion testicular injury in humans, but the beneficial effects of this potent 

antioxidant in humans have been investigated (e.g. astaxanthin inhibits LDL oxidation and 

increases HDL levels, protects against UV radiation, is used in anti-aging treatments, inhibits 

proliferation of human gastric cancer cell lines, has genoprotective properties etc.) (38-42). 

Regarding the male reproductive system, Comhaire et al. (43) administered astaxanthin to 

infertile men and observed positive effects on sperm parameters and fertility. Our study is the 

first to investigate the potential favorable effect of astaxanthin on ischemic-reperfusion 

testicular injury in an animal model. If the ethics committee allows, we will certainly extend 

the research to people as well. For optimal administration, the pharmacokinetics and 

pharmacodynamics of astaxanthin must be investigated in detail. Research on this topic has not 

been completed (44,45). Also, the fact of the existence of the blood-testis barrier, as well as its 

changes due to ischemia, must not be overlooked (46). We believe that one day these powerful 

antioxidants will be applicable in clinical practice. 
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LIMITATIONS OF THE STUDY 

Although this is the first study to comprehensively histologically examine the effect of 

astaxanthin on ischemic-reperfusion testicular injury, we are aware of the fact that in our future 

research we must focus on biochemical and immunohistochemical methods, which should 

further strengthen the results and confirm the hypothesis. In our future study, we will measure 

MDA, SOD, and GPx values from testicular tissue homogenates, while we will 

immunohistochemically determine the number of apoptotic cleaved caspase-3 positive cells 

(apoptotic index) from residual tissue embedded in paraffin. It is also important to note that in 

our study we focused on the acute effect and acute changes after ischemic-reperfusion injury. 

In a clinical setting, the mean time from torsion to surgical intervention often extends beyond 

90 minutes (a number of factors depend on this; distance from the hospital, the child's signalling 

from the onset of pain, the boy's shyness, etc.). To mimic real life settings, the study would 

have benefitted from extending the time from torsion to reperfusion. Since this is the first study 

of the effect of astaxanthin on ischemic-reperfusion testicular injury in rats, we consider this 

study to be extremely important. In future studies, one can certainly consider extending the time 

from torsion to reperfusion. Astaxanthin was administered intraperitoneally as it was most 

appropriate for this model. We are aware that the oral route of administration is more suitable 

for human administration, but as more detailed pharmacokinetic and pharmacodynamic studies 

are ongoing, we consider intraperitoneal administration to be more than satisfactory for testing 

astaxanthin as a potential potent antioxidant in preventing ischemic reperfusion injury. We 

opted for a dose of 75mg/kg, but we consider that in future studies the dose may be reduced to 

keep the dose within the range currently recommended for human administration. It will be 

interesting to see what effect the reduced dose will have then. From our study, it is obvious that 

sluggishness of blood return affects the effect of the applied antioxidant. From our study, it can 

be concluded that it is certainly better to administer astaxanthin 45 min after detorsion than at 
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the time of detorsion. To answer the question of what is the most optimal time for the 

administration of astaxanthin, several more groups should be added to which astaxanthin would 

be administered at different times from the moment of detorsion. Given the well-known facts 

of the effect of ischemic-reperfusion injury of the ipsilateral testis on the contralateral testis, 

they should certainly be investigated in future research. Clearly, our preclinical results cannot 

be directly applied to the clinic, but they are certainly a good foundation for future research on 

this powerful antioxidant. 

 

CONCLUSION 

By measuring all histological morphometric parameters (mean seminiferous tubule diameter, 

mean seminiferous lumen diameter, epithelial height, tubular area, luminal area, Johnsen score) 

it can be concluded that astaxanthin has a favorable effect comparing the treated groups to 

untreated group.  
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Graph 3 

 

Box plots for tubular area 

 

 

Graph 4 

 

Box plots for luminal area 
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Graph 5 

 

Box plots for epithelial height 

 

Graph 6 

 

Box plots for Johnsen score 
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Table 1 

 

Values by groups (expressed as the median (Mdn) / Q1 / Q3 / interquartile range (IQR)); MSTD - mean 

seminiferous tubular diameter, MSLD - mean seminiferous lumen diameter, epithelial height, tubular area, luminal 

area, Johnsen score. Group 1 – sham (S) / group 2 – torsion-detorsion group (T/D) / group 3 – torsion-detorsion 

group + ASX at the time of detorsion / group 4 – torsion-detorsion group + ASX 45 minutes from the moment of 

detorsion. 

 

 MSTD (µm) MSLD (µm) 
Mdn Q1 Q3 IQR Mdn Q1 Q3 IQR 

Group 1 226.50 218.97 230.31 11.34 69.20 66.03 74.81 8.78 

Group 2 172.38 168.56 179.75 11.19 101.21 99.64 105.32 5.68 

Group 3 184.05 180.14 187.42 7.27 80.81 79.53 87.00 7.46 

Group 4 195.62 179.65 200.92 21.27 100.80 97.18 103.98 6.80 

 Tubular area (µm2) Luminal area (µm2) 
Mdn Q1 Q3 IQR Mdn Q1 Q3 IQR 

Group 1 38923.81 36879.02 40342.85 3463.84 3673.23 3506.63 3745.24 238.61 

Group 2 27186.19 26390.51 28104.24 1713.73 8430.01 7912.04 9113.17 1201.13 

Group 3 28353.39 26720.56 28994.32 2273.76 5322.76 4955.96 6006.11 1050.15 

Group 4 29910.52 28933.63 30592.26 1658.64 7930.28 7712.77 8170.96 458.19 

 Epithelial height (µm) Johnsen score 
Mdn Q1 Q3 IQR Mdn Q1 Q3 IQR 

Group 1 69.35 65.78 71.22 5.44 8.00 8.00 8.00 0.00 

Group 2 35.92 33.10 38.36 5.26 5.00 5.00 5.00 0.00 

Group 3 42.50 39.47 44.20 4.73 6.00 6.00 7.00 1.00 

Group 4 45.18 43.26 47.52 4.26 7.00 7.00 7.00 0.00 
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Figure 1  

 

Micrograph - measurements of seminiferous tubule parameters; seminiferous tubule diameter (red line), 

seminiferous luminal diameter (orange line) tubular area (green line), luminal area (yellow line), epithelial height 

(blue line). 
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Figure 2  

 

One of the randomly selected cross-sections on which measurements were made (a - group 1; b - group 2; c - 

group 3; d - group 4) (H&E, x200). 

 

 


