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ARTICLE INFO ABSTRACT

Keywords: Testicular torsion is an acute urological emergency condition that occurs due to obstruction of blood flow to the
Pr‘?x?ed glus testicles which may result in ischemia and loss of testicular functions. This study examined the protective effects
Epididymis of Proxeed Plus (PP), a dietary supplement on testicular ischemia/reperfusion (I/R) injured rats using oxidative
Testicular ischemia . . . . . . .

Apoptosis stress markers, hormonal levels, apoptotic parameters, histological and immunohistochemistry analysis at 4 h

and after 7 days of reperfusion. The protective treatment of the I/R injured rats with PP at 1000 and 5000 mg/kg
body weight (bw) resulted in significant increases in the serum and tissue antioxidative defense capacities (su-
peroxide dismutase, reduced glutathione, catalase, glutathione-s-transferase, and glutathione peroxidase), sex
hormones (luteinizing hormone, follicle-stimulating hormone, and testosterone), also reduce pro-oxidative
markers (malondialdehyde and hydrogen peroxide), serum iNOS and apoptotic parameters (Caspase -3 and
Caspase -9) in comparison to the results detected in the I/R untreated rats. It was also observed that PP
ameliorated histological changes of I/R injured rats; increased spermatogenetic activity, seminiferous tubular
diameter, Leydig cell mass, and reduced expressions of testicular inducible nitric oxide synthase (iNOS).
Therefore, the therapeutic use of Proxeed Plus could be considered a promising approach in averting testicular
damage against I/R injury.

Sex hormones
Testicular damage

1. Introduction Inflammatory cascades and oxidative stress may subsequently induce a

cytokine storm, damage to cellular structures and cell death [6].

Ischemia-reperfusion injuries are associated with fatal clinical
manifestations, such as cerebral ischemic stroke [1,2], hibernating
myocardium, acute cardiac failure, acute myocardial infarction [3],
systemic inflammatory response syndrome, gastrointestinal dysfunc-
tion, and multi-organ dysfunction syndrome. Over productions of free
radicals is one of the major pathophysiological responses of
ischemia-reperfusion injuries, during ischemia, the flow of blood is
restricted for a certain period, while during reperfusion, the blood flow
is restored and oxygen enters the tissue [4] causing over production of
reactive oxygen species (ROS) and decrease levels of antioxidants in
ischemic cells [5]. These ROS induces oxidative stress that enhances
organs dysfunction, DNA damage, and local inflammatory responses.

* Corresponding author.

Testicular torsion is otherwise known as the spermatic cord rotation
around its axis; it obstructs blood flow to the testicles, leading to a
shortage of oxygen supply and loss of testicular function [7]. It is an
acute pediatric urological emergency with an incident rate of 1 in 4000
males especially childhood and adolescence below the age of 25 [8].
Early detections and treatment are essential because, testicle torsed for
longer than 6 h are considered out of survival period. About 90-100 % of
testicles can be salvaged if treatment is administered within the survival
period, 20-50 % of testicles can be salvaged if treatment is administered
within 6-12 h [9], however, treatment within 12-24 h, of torsion could
only yield maximum of 10 % survival rate [10]. Surgical detorsion
treatment has yielded 42-88 % survival rate, but whether these testes
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were rescued from the ischemic induced spermatogenic abnormalities
remain poorly understood [9,11].

Epidemiological and experimental studies have reported the associ-
ation between male infertility and oxidative stress [12]. Over pro-
ductions of free radicals as one of the major pathophysiological
responses of testicular ischemia-reperfusion (I/R) injury during testic-
ular torsion lead to oxidative stress which in turn compromises the
integrity of seminiferous epithelium [13] and finally result to sterility in
adult male. The spermatozoa are highly susceptible to these oxidative
attacks due to the high levels of polyunsaturated fats (PUFAs) and
limited cytoplasm antioxidant enzymes [14]. These enhance lipid per-
oxidation (LPO), DNA fragmentation, and consequently impaired sper-
matogenesis and sperm motility [14,15]. To date, researchers have
attempted numerous anti-inflammatories, antioxidants, and radical
scavengers to attenuate testicular I/R injury and facilitate spermato-
genesis [16-18]. However, pleasing preclinical and clinical research
regarding the treatment of testicular torsion is missing in the literature
therefore, studies with regards to this challenge is of increasingly
welcome.

Studies using several experimental investigations have demonstrated
the potential of antioxidant-rich supplements in the management of
ischemia/reperfusion injury in animals [19,20]. Proxeed Plus is a di-
etary supplement, specifically formulated to optimize sperm health. It
consists of L- carnitine, acetyl- L- carnitine, zinc, fumarate, CoQ10, folic
acid, fructose, vitamin C, and vitamin B12 as the active ingredient [21].
These ingredients are known to play a vital function in spermatozoa
energy metabolism, hormonal metabolism, antioxidant defense systems
and immune function [22-24]. It has been documented for neph-
roprotective against toxicant induced nephrotoxicity [25]. The growing
speculation about the antioxidant capability of Proxeed Plus worldwide,
supported by the fact that no study has been carried out with the intent
of determining the protective role of Proxeed Plus against
ischemia-reperfusion injury has given rise to a need to evaluate these
potentials. Thus, the present study investigated the protective effect of
Proxeed Plus on testis experimentally-induced I/R injury in male Wistar
rats.

2. Materials and methods
2.1. Test supplement (proxeed plus)

The test supplement (Proxeed Plus) was obtained from Sigma-Tau
Health Science, Utrecht, the Netherlands. It consists of 1000 mg L-
carnitine, 500 mg acetyl- L- carnitine, 10 mg zinc, 725 mg fumarate, 20
mg CoQ10, 200 pg folic acid, 1000 mg fructose, 90 mg vitamin C, and
1.5 pg vitamin B12.

2.2. Experimental animals

Fifty (50) male albino rats weighing (155.87 + 7.65 g) were procured
from the Animal House of Bingham University, Karu, Nigeria. The ani-
mals were maintained under standard laboratory conditions with access
to food and water ad libitum. The rats were housed in standard cages at
22 °C (50 % humidity) with a 12 -h light-dark cycle. The animals fasted
for 12 h before the commencement of any study.

2.3. Experimental method

The animals were randomized into 5 (n = 6). Group 1 was assessed as
the control group. Group 2 was assessed as the Sham group. Group 3 was
assessed ischemia-reperfusion (I/R) group. In Group 3, testicular torsion
was first performed, followed by testicular detorsion and induction of
reperfusion. In Group 4 and Group 5, following testicular torsion and
detorsion, Proxeed Plus was administered at doses of 1000 mg/kg bw
and 5000 mg/kg bw respectively before inducing reperfusion. The ani-
mals were sacrificed after 4 h while treatments continue for 7 days for
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the rest of the animals in the groups. The surgical procedure was carried
out based on previous experimental studies [26,27]. In brief, the rats
were anesthetized using intraperitoneal injections of 50 mg/kg bw of
ketamine hydrochloride, and 10 mg/kg bw xylazine. Proxeed Plus was
dissolved in water and administered orally. The doses and means of
administrations were carefully selected to make a reasonable compari-
son with human administration. Through a longitudinal scrotal incision,
the left testis of the animals in each group was exposed and dissected.
Afterward, the torsion of the left testis was induced by a 720°
counter-clockwise rotation. One hour Ilater, the testis was
counter-rotated to the natural position and was inserted into the
scrotum. Then, the skin incision was sutured (4-0 non-absorbable),
Proxeed plus was administered at doses of 1000 mg/kg bw and 5000
mg/kg bw for 4 h and 7 days, and animals were kept until harvesting
time. In the sham-operated animals, only surgical stress was applied by
immediately retracting and replacing the spermatic cord. All animal
experiments were carried out per the UK Animals (Scientific Procedures)
Act, 1986 and associated guidelines, the European communities’ council
directive of 24 November 1986 (86/609/EEC) and the National Institute
of Health guide for the care and use of laboratory animals (NIH Publi-
cations No. 8023, revised 1978). All experimental protocols were
approved by Bingham University, Committee on Ethics for Medical and
Scientific Research (BHU/REC/19/A005), and principles governing the
use of laboratory animals as laid out by the Bingham University, Com-
mittee on Ethics for Medical and Scientific Research was duly observed.

2.4. Collection of blood, preparation of serum and hormonal estimation

The blood samples were collected in plain sample bottles and
centrifuged at 3000 r.p.m. for 15 min [28-30], after which the serum
was transferred into a plain sample bottle. Serum levels of Luteinizing
hormone (LH), Follicle-stimulating hormone (FSH), and testosterone
were assayed by enzyme immunoassay (SIA) using the assay Kkits
(HySkill Diagnostics, Bahlingen, Germany) as described by the manu-
facturer [31]. Absorbance was measured at 450 nm. The within-assay
coefficient of variation was 6.1 % for FSH, 5.4 % for LH, and 6.2 %
for testosterone. The analytic sensitivities of the assays were 1.0
mlIU/mL for LH and FSH and 0.1 ng/mL for testosterone as provided by
the manufacturer.

2.5. Analysis of biochemical parameters

The epididymis was homogenized in phosphate buffer (pH 7.4) and
centrifuged at 10,000 net grams for 10 min at 4 °C and the supernatants
were used for estimation of biochemical parameters using standard
protocols. The collection of serum for analysis of the biochemical pa-
rameters was as described in Section 2.4. Lipid peroxidation was
determined by measuring the thiobarbituric acid reactive substance
(TBARS) as described by Placer et al. [32]. The levels of TBARS were
monitored at 532 nm by comparing the absorption to the standard curve
of MDA equivalents generated by acid-catalyzed hydrolysis of 1,1,3,3-
tetramethoxypropane.

Glutathione peroxidase (GPX) catalyzed the oxidation of glutathione
by cumene hydroperoxide. In presence of NADPH and glutathione
reductase, the oxidized glutathione was immediately converted to the
reduced form with concomitant oxidation of NADPH to NADP" [33].
Spectrophotometric methods was used to analyze the GPx and GST ac-
tivities. To evaluate GPX activity in hemolysates 10 uL of samples were
mixed with 500 yL mixed reagent and 20 yL cumene hydroperoxide. The
absorbance was measured at 340 nm

Superoxide dismutase (SOD) activity was assessed based on the su-
peroxide radicals production by xanthine and xanthine oxidase, which
reacts with 2-(4-iodophenyl)-3-(4- nitrophenol)-5-phenyltetrazolium
chloride to form a red formazan dye [34]. Briefly, 200 uL of diluted
sample was mixed with 300 yL of the substrate followed by addition of
75 uL xanthine oxidase. The change in absorbance was measured at 505
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nm

The levels of reduced glutathione (GSH) were assessed following the
method of Ellman [35]. The procedures involve the reactions of thiols
with Ellman’s reagent (5,5'-dithiobis-(2- nitrobenzoic acid) or DTNB),
via cleave of disulfide bond to yield 2-nitro-5-thiobenzoate (TNB),
which ionizes to the TNB?~ dianion in water at alkaline and neutral pH.

Spectrophotometric methods as described by Koroliuk et al. [36]
were used for the estimation of Catalase (CAT) activity. The sample (10
uL) was incubated for 10 min with 100 ymol/mL H305 in 0.05 mmol/L
Tris—HCI buffer (pH = 7). The yellow complex of ammonium molybdate
((NH4),Mo004) and H20, was monitored at 410 nm after terminating the
reaction with 50 uL of 4 % (NH4)2MoO4. The protein concentrations by
the method of Gornal et al. [37]. Serum iNOS levels was measured using
ELISA detection kit (Shanghai LZ, China) according to the manufac-
turer’s instruction.

2.6. Measurement of apoptosis

For the evaluation of apoptosis, Caspase-3 and Caspase-9 activities
were measured using ELISA detection kit (Shanghai LZ, China) accord-
ing to the Biotin double-antibody sandwich technology as described
previously [38].

2.7. Histological and immunohistochemistry analysis

Bouin solution was used to fix the testes for 24 h. Staining was done
with H&E to verify histological details. Mean testicular biopsy score
(MTBS) described by Johansen [39], was used to rate testicular injury
and spermatogenesis. For the immunohistochemistry studies, paraffin

sections were deparaffinized in xylene and processed for iNOS antibody
immunohistochemistry as described by Al-Drees et al. [40].

2.8. Mean seminiferous tubular diameter and Leydig cell mass

The mean seminiferous tubular diameter (MSTD) was determined by

Table 1
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measuring 20 separate round seminiferous tubules with a light
microscope-adaptable micrometer for each testis. The number of germ
cell layers in each tubule for each testis was determined by counting the
number of germ cell layers from the basement membrane to the lumen at
90°, 180°, 270°, and 360° and averaging these numbers. Procedures
described by Roosen-Runge [41] was adopted for scoring the number of
Leydig cell in each tubule

2.9. Data analysis

Data were expressed as the Mean =+ SD of six determinations. All data
generated follow normal distribution. The analysis was performed using
the SPSS statistical package for Windows (version 21.0; SPSS Inc, Chi-
cago). Results were subjected to ANOVA followed by DMRT. Statistically
significant was consider at p < 0.05

3. Results
3.1. Effects of Proxeed Plus on serum and tissue antioxidants parameters

The serum levels of GSH, GST, CAT, SOD, and GPx were significantly
lower in IR rats in comparison to the Control, Sham group and PP treated
rats at 4 h and 7 days of treatments. Treatment with PP produced dose-
dependent increases in the antioxidant parameter (Table 1 and 2).
Similarly, GSH levels, GST, CAT, SOD and GPx activities in rats
administered 5000 mg/kg bw PP were significantly (p < 0.05) higher
than that of the Control group. However, the Sham group exhibited
lower SOD activity and GSH level when compared with the control
(Tables 3,4).

3.2. Effects of proxeed plus on protein, MDA levels and H202 generation
on I/R injured rats

The serum MDA levels and hydrogen peroxide generation were
significantly higher while proteins was lower in I/R rats in comparison

Effects of 4 h Treatments with Proxeed Plus on serum antioxidants enzymes on ischemia-reperfusion injury in male rats.

4 h Treatments

Catalase (pmolH30,/min/mgproten) SOD

(units/mgprotein)

Control 123.52 +11.58 ° 2.50 + 0.23 ¢
Sham 118.57 +12.77 ° 1.25 + 0.30°
I/R 108.28 + 15.34* 0.80 + 0.20
I/R + 1000 mg/kg PP 126.92 +7.32° 2.66 + 0.22 ¢
I/R + 5000 mg/kg PP 13211 +7.32°¢ 3.53 + 0.22 ¢

GSH GPX GST

(pmol/mgprotein) (units/mgprotein) (pmole CDNB-GSH complex
formed/min/mg protein)

69.52 +7.03 ¢ 11.71 + 3.60 *° 0.17 + 0.07 >

53.80 + 9.58 11.84 + 0.39 *° 0.12 + 0.06

6.73 £ 0.84 7 10.51 + 0.98 * 0.07 £0.01°

70.68 + 7.86 ¢ 12.12 £ 0.39° 0.20 + 0.04 ¢

84.42 + 4.24 ¢ 13.51 +1.89° 0.38 + 0.09 ¢

Values are expressed as Mean + SD of 6 determinations.

I/R: Ischemia/Reperfusion; PP: Proxeed Plus; CAT: Catalase (pmolH»0,/min/mgproten), GSH: Reduced glutathione (pmol/mgprotein), GST: glutathione S-transferase
(pmole CDNB-GSH complex formed/min/mgprotein), SOD: superoxide dismutase (units/mgprotein), and GPx: glutathione peroxidase (units/mgprotein).

Table 2

Effects of 7 days h Treatments with Proxeed Plus on serum antioxidants enzymes on ischemia-reperfusion injury in male rats.

7 Days Treatments

Catalase (pmolH20,/min/mgproten) SOD GSH GPX GST
(units/mgp rotein) (pmol/mgpr otein) (units/mgprotei n) (pmole CDNB-GSH complex
formed/min/mgprotein)
Control 123.52 + 11.58%" 2.50 + 0.23° 69.52 + 7.03¢ 11.71 + 3.60° 0.17 £+ 0.07%
Sham 118.57 + 12.77° 1.25 4+ 0.30% 53.80 + 9.58" 11.84 + 0.39° 0.12 + 0.06*
I/R 111.54 + 21.69? 1.15 + 0.85% 38.23 + 6.03° 11.03 + 0.41% 0.09 + 0.03*
I/R + 1000 mg/kg PP 138.77 + 4.29" 3.55 + 0.35¢ 72.10 £ 7.58°¢ 14.02 + 0.54° 0.81 £ 0.94¢
I/R + 5000 mg/kg PP 160.53 + 5.52 ¢ 5.15 + 0.25¢ 84.89 + 6.06° 16.41 + 1.44° 1.48 £ 0.97¢

Values are expressed as Mean =+ SD of 6 determinations.

I/R: Ischemia/Reperfusion; PP: Proxeed Plus; CAT: Catalase (ymolH;0,/min/mgproten), GSH: Reduced glutathione (pmol/mgprotein), GST: glutathione S-transferase
(pmole CDNB-GSH complex formed/min/mgprotein), SOD: superoxide dismutase (units/mgprotein), and GPx: glutathione peroxidase (units/mgprotein).
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Effects of 4 h Treatments with Proxeed Plus on epididymis GSH levels, GST, CAT, SOD and GPx activities on ischemia-reperfusion injury in male rats.

4 h Treatments

Catalase (pmolH50,/min/mgproten) SOD (units/mgprotein)

GPX (units/mgprotein) ~ GST (pmole CDNB-GSH complex

formed/min/mgprotein)

GSH (pmol/mgprotein)

Control 413.42 + 14.3° 0.90 + 0.20
Sham 412.21 + 23.0° 0.80 +0.27 °
I/R 308.45 + 10.6° 0.10 + 0.27 2
I/R 4 1000 mg/kg PP 480.97 + 53.6° 1.45 +0.05°
I/R + 5000 mg/kg PP 545.36 + 29.7° 3.55 + 0.95 ¢

44.89 + 3.17° 45.07 + 0.17° 0.08 + 0.03 2
43.77 + 3.08" 44.65 + 4.69° 0.07 +0.02°
35.61 + 9.95° 30.21 + 9.82° 0.07 + 0.02 2
47.14 + 3.18° 49.93 + 0.37° 0.10 + 0.03
60.20 + 5.77° 50.17 + 4.12° 0.12 + 0.03 >

Values are expressed as Mean =+ SD of 6 determinations.

I/R: Ischemia/Reperfusion; PP: Proxeed Plus; CAT: Catalase (pmolH;0,/min/mgproten), GSH: Reduced glutathione (pmol/mgprotein), GST: glutathione S-transferase
(pmole CDNB-GSH complex formed/min/mgprotein), SOD: superoxide dismutase (units/mgprotein), and GPx: glutathione peroxidase units/mgprotein).

Table 4

Effects of 7 days of Treatments with Proxeed Plus on epididymis GSH levels, GST, CAT, SOD and GPx activities on ischemia-reperfusion injury in male rats.

7 Days Treatments

Catalase (pmolH;0,/min/ SOD (units/ GSH (pmol/mgpr otein) ~ GPX (units/mgprotein)  GST (pmole CDNB-GSH complex
mgproten) mgprotein) formed/min/mgprotein)
Control 413.42 + 14.31° 0.90 £ 0.2° 44.89 + 3.17° 45.07 + 0.17° 0.08 + 0.03
Sham 412.21 + 23.06" 0.80 + 0.2° 43.77 £ 3.08% 44.65 + 4.69° 0.07 + 0.02%
I/R 373.42 + 18.90% 0.35 + 1.4* 41.53 + 3.46% 38.94 + 10.40? 0.07 + 0.03%
I/R + 1000 mg/kg PP 592.43 + 31.49° 4.60 + 4.2° 68.77 + 9.59° 55.97 + 2.56° 0.12 + 0.07°
I/R + 5000 mg/kg PP 614.70 + 31.50c 5.20 + 0.84 83.87 + 4.84¢ 57.79 & 2.56 ¢ 0.17 £0.11°¢

Values are expressed as Mean + SD of 6 determinations. I/R: Ischemia/Reperfusion; PP: Proxeed Plus; CAT: Catalase (pmolH205/min/mgproten), GSH: Reduced
glutathione (pmol/mgprotein), GST: glutathione S-transferase (pmole CDNB-GSH complex formed/min/mgprotein), SOD: superoxide dismutase (units/mgprotein),

and GPx: glutathione peroxidase (pmol/mgprotein).

to the control. Rats in the Sham group and those treated with PP at 4 h
and 7 days had lower MDA levels and H,O generation than the I/R. At 7
days of treatment, serum protein concentration was higher in rats dosed
5000 mg/kg bw PP when compared with the control and other experi-
mental groups (Table 5).

The MDA levels and HyO2 generations in the epididymis were
significantly higher in I/R rats in comparison to the control. Treatment
with PP at 4 h and 7 days decrease (p < 0.05) the MDA levels and HyO»
generations when compared with the I/R group. The MDA levels and
H»0; generations were lower in rats treated with the 5000 mg/kg bw of
PP than the Sham and control group. At 4 h and 7 days treatment, the
protein concentration in epididymis was higher in rats treated with 5000
mg/kg bw PP than the I/R, sham and control group (Table 6).

Table 5

3.3. Effects of Proxeed Plus on hormonal levels in I/R injured rats

The serum levels of LH and testosterone in I/R rats were significantly
(p < 0.05) lowered in comparison to the control, sham group and PP
treated rats. Moreover, in the group treated with 5000 mg/kg PP, the LH
and testosterone levels were higher than that of the control and sham
group (p < 0.05). Similarly, serum level of FSH in control, sham, and PP
treated rats after 7 days of treatment was significantly (p < 0.05) higher
than the I/R rats (Table 7)

3.4. Effects of Proxeed Plus on activities of iNOS and apoptotic markers
of I/R injured rats

Caspase-3, Caspase-9 and iNOS were higher in the I/R group than
those in the Control, Sham and PP treated groups. At 4 h of treatments,

Effects of Proxeed Plus on serum Protein, MDA levels and hydrogen peroxide generation on ischemia-reperfusion injury in male rats.

4 h Treatments

Protein (g/dl) MDA (units/g tissue)

H,0, (nmol/mg protein)

7days Treatments

Protein (g/dD\ MDA (units/g tissue) H,0, (nmol/mgprotein)

Control 3.57+0.08° 1.9740.12% 151.508.83%
Sham 3.44+0.07° 2.2140.42° 178.91+4.19"
IR 2.88:+£0.62° 5.57+0.40° 190.83+0.77°
I/R+1000mg/kg PP 3.66+0.17° 1.44+0.35% 181.0945.11°
I/R+5000mg/kg PP 3.71+0.22° 1.2140.54° 178.62+6.37"

3.57+0.08% 1.97+0.12 ¢ 151.50+8.83"
3.44+0.07% 2.21+0.42° 178.91+4.19¢
3.20+0.76% 3.44+0.07¢ 185.16+7.204
3.62+0.127 1.34+0.37° 168.33+17.76"
4.14+0.34° 1.03+0.81% 144.50+9.417

Values are expressed as Mean + SD of 6 determinations. I/R: Ischemia/Reperfusion; PP: Proxeed Plus.

Table 6

Effects of Proxeed Plus on epididymis Protein, MDA levels and hydrogen peroxide generation on ischemia-reperfusion injury in male rats.

4 h Treatments

7 days Treatments

Protein (g/dl) MDA (units/g tissue)

H,0, (nmol/mg protein)

Protein (g/dl) MDA (units/g tissue) H,0, (nmol/mg protein)

Control 1.01 + 0.07° 1.97 +£0.12° 35.16 + 3.21%
Sham 0.99 + 0.04" 2.21 + 0.42° 39.87 + 5.62°
IR 0.85 + 0.08% 5.57 + 0.40 © 93.50 + 7.00°
I/R + 1000 mg/kg PP 1.06 + 0.14° 1.4440.35° 42.00 + 7.75°
/R + 5000 mg/kg PP 1.50 + 0.02° 1.21 £ 0.54 2 40.87 + 3.62°

1.01 + 0.07% 1.97 +£0.12° 35.16 + 3.21°
0.99 + 0.04° 2.21 + 0.04° 39.87 + 5.62"
0.92 + 0.32° 3.44 +0.07 © 51.58 + 3.21°
2.97 + 0.98" 1.34 + 0.37% 36.50 + 1.00
4.01 + 0.48° 1.03 + 0.81% 22.75 + 3.00 ®

Values are expressed as Mean + SD of 6 determinations. I/R: Ischemia/Reperfusion; PP: Proxeed Plus.
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Effects of Proxeed Plus on LH, FSH, Testosterone in Ischemia-Reperfusion male rats.

4 h Treatments

7 days Treatments

LH (mIU/mL) FSH (mIU/mL)

TESTOSTERONE (ng/mL)

LH (mIU/mL) FSH (mIU/mL) TESTOSTERONE (ng/mL)

Control 0.47 + 0.05" 1.05 +0.25° 4,53 + 0.22°
Sham 0.47 + 0.05" 1.024+0.19° 4.10 +0.10°
I/R 0.16 + 0.06" 1.00 +0.182 3.63 + 0.70%
I/R + 1000 mg/kg PP 0.52 + 0.05" 1.07 £ 0.242 4.56 + 0.31°
I/R + 5000 mg/kg PP 0.80 + 0.07¢ 1.10 £ 0.182 4.59 + 0.18°

0.47 + 0.05" 1.05 + 0.25° 453 +0.22°
0.47 + 0.05" 1.02 + 0.19° 410 + 0.10°
0.15 =+ 0.05* 0.90 + 0.10° 2.88 + 0.71%
1.07 + 0.09¢ 1.10 + 0.20° 4.75 + 0.25"
5.80 + 0.09¢ 1.15 + 0.22° 5.12 + 0.08°

Values are expressed as Mean + SD of 6 determinations. I/R: Ischemia/Reperfusion; PP: Proxeed Plus; LH: Luteinizing hormone; FSH: Follicle Stimulating hormone,

Sham: Rat underwent surgery without induction of torsion.

PP caused dose-dependent decreases of Caspase-3, Caspase-9, and iNOS
levels when compared with the I/R group. However, at 7 days of
treatment, no significant differences exist in Caspase-3 activity between
PP treated groups, sham group and the control (Fig. 1). However, at 7
days of treatment, rats treated with 5000 mg/kg bw PP exhibited the
least level of caspase-9 and iNOS when compared with the control and
sham group (Fig. 1).

3.5. Histopathological and immunohistochemistry data

Histopathological evaluation of testicular tissue revealed severe
germ cell loss, atrophy and disruption of the seminiferous epithelium in
the I/R group. The Sham group shows normal tissue architecture (Plate 1
and 2). Rats treated with Proxeed Plus at 1000 and 5000 mg/kg bw
showed improved testicular architecture than the I/R groups. The lowest
spermatogenetic activity, reduced seminiferous tubular diameter and
Leydig cell mass (Fig. 2) were found in the ischemia-reperfusion group.
Groups that were administered Proxeed Plus had higher spermatoge-
netic activity scores than I/R animals. Group administered 5000 mg/kg
bw Proxeed Plus had higher MSTD than the control. No significant diff ;
erences in the Leydig cell mass were observed between the Control
group, Sham group and PP treated groups. Analysis of the immunohis-
tochemistry of the tissue samples showed that the iNOS expression was
significantly higher in the I/R group while the control group and PP
treated groups had lower (poor) iNOS expression (plate 3 ).
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4. Discussion

Studies have implicated free radicals in ischemia-reperfusion induce
testicular damage, apoptosis, and male infertility [19]. Therefore,
effective antioxidants treatment is important in improving or salvaging a
torsed testis. Oxidative stress arises from an imbalance between oxidants
generation vs defense ability of intracellular antioxidants system [42]. It
has been established that I/R induced oxidative stress can occur through
the activity of non-radical oxidants like HyO2, macromolecular attacked
by the oxidant radicals, or indirectly by nitrosative/oxidative modula-
tion of regulatory proteins [43]. In the present study, the high oxidative
stress status of I/R rats were indicated by the increase serum and tissue
levels of MDA and H30; generations. Although the levels of superoxide
anion radicals were not assayed in this study (0%) it is a highly reactive
and pioneered free radical during I/R injury, and subsequently gives rise
to Hp0; via dismutation [12]. The most important indicator of tissue
injury due to I/R injury is the MDA level which is an indirect indicator of
lipid peroxidation due to ROS effects [44]. The high levels of MDA in
rats with I/R injury are indication of elevated ROS and oxidative stress.
ROS cause chain reactions of lipid peroxidation in the cell membranes,
which eventually leads to the generation of the major lipid peroxidation
product, MDA [12] Fortunately, as a free radical scavenger agent and
powerful antioxidant supplement Proxeed Plus exhibited a powerful
effect on reducing MDA levels in the I/R treated rats.

GPx and SOD are major ROS scavenging enzymes in the reproductive
system of male rats. Among the antioxidant enzymes, GPx constitutes
the first line of defense against oxidative stress during ischemia-
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Fig. 1. Effects of Proxeed Plus on (a) Caspase-3 (b) Caspase-9 and (c) iNOS activities on ischemia—reperfusion injury in male rats. I/R: Ishemia/Reperfusion; PP:
Proxeed Plus. Each bar represents Mean + SD of 6 determinations. Bars with different superscript alphabets are significantly different (p < 0.05). *p< 0.05,

#+p< 0.001.
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Plate 1. Photomicrograph of a rat’s testicular section restrained by Haematoxylin and Eosin after 4 h treatment with PP. (a) CONTROL showing several normal
testicular architectures, seminiferous tubules with normal germ cell layer and maturation stages. The interstitial spaces show normal Leydig cells, however, there are
few seminiferous tubules with sloughed germ cells into their lumen and some with maturation arrest (black arrow). (b) SHAM showing normal testicular archi-
tectures, (c) I/R showing very poor architecture. with generalized and severe degeneration of seminiferous tubules, these tubules are fibrotic with thickened propria,
moderately congested interstitial spaces (slender arrow), degenerated germinal epithelial cells and necrosis (black arrow), (d) I/R + PP (1000 mg/kg bw) showing
normal germ cells maturation stages and spermatozoa, (white arrow).normal interstitial spaces (slender arrow) but there are seminiferous tubules with tubular
vacuolation and thickened proppria (e) I/R + PP (5000 mg/kg bw) showing a moderately normal testicular architecture.

Plate 2. Photomicrograph of rat’s testicular section stained by Haematoxylin and Eosin after 7 days treatment with PP. (a) CONTROL showing several normal
testicular architectures, (b) SHAM showing normal testicular architecture, (¢) I/R showing very poor testicular architecture. (d) I/R + PP (1000 mg/kg bw) showing
moderately normal testicular architecture (e) I/P + PP (5000 mg/kg bw) showing normal testicular architecture.

reperfusion injury in testis [45]. However, the observed increased con-
centration of the toxic metabolic products (H202 and MDA) could result
in decrease intracellular antioxidants defense system which in turn may
cause loss of sperm motility and viability [46]. This is in line with the
observed drastic reduction in the serum and epididymis activities of
SOD, CAT, GST, GPx and GSH levels and increases levels of MDA
observed in the I/R rats. Findings from previous studies have also shown
increased MDA levels and antioxidant enzymes inactivation in rat testes
following ischemia-reperfusion [27,47]. In agreement with the results of
the present study, Ozbek et al. [48] and Ozturk et al. [49] also showed
that testicular torsion for 4 h and detorsion increase tissue levels of MDA
and reduce SOD and GPx levels.

The therapeutic effect of the supplement was evident by increase in
SOD, CAT, GSH, GST, and GPx whereas a decrease in MDA levels in the
treated rats. These findings agree with the study of Micic et al. [50] who
reported that men treated with Proxeed Plus showed high sperm
motility and seminal carnitine. Proxeed Plus has also been reported for a
protective effect against toxicant-induced nephrotoxicity in

experimental animal models [25]. The results of the present study are
also supported by the study of Sugiyama et al. [51] who reported that a
single dose of polyphenolic catechins given to a 4 h ischemia rats before
reperfusion protected against testicular damage from I/R injury and
inhibited a further decrease in the activity of SOD. Several experimental
studies have also shown that I/R were considerably attenuated by
treatment with SOD or SOD analogues [43,52]

LH, testosterone, and FSH play an important role in controlling
testicular functions [53]. When LH is released by the pituitary gland, it
acts upon the Leydig cells to produce testosterone [54]. Also, FSH plays
an important function in spermatogenesis initiation and germ cell
maturation. In the present study, I/R induced loss of hormonal activities
as a significant reduction in the serum levels of LH, FSH, and testos-
terone were observed in I/R rats in comparison to the control, sham
group and PP treated rats. However, the administration of Proxeed Plus
caused a significant increase in FSH, LH, and testosterone when
compared with the control and sham group, an indication that PP im-
proves the quality of spermatogenesis and hormone against damage
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Fig. 2. Effects of Proxeed Plus on (a) (a) Spermatogenetic activity and not spermatogenesis activities (b) Mean seminiferous tubular diameter (MSTD) and (c) Leydig
cell mass (LCM) of ischemia-reperfused testis after 4 h and 7 days treatment. I/R: Ishemia/Reperfusion; PP: Proxeed Plus. JC: Johnson’s scores. Each bar represents

Mean =+ SD of 6 determinations. *p < 0.05, **p < 0.001.
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Plate 3. Representative immunohistochemistry images of inducible Nitric oxide synthase (iNOS) in proxeed plus treated ischemia-reperfusion injured rats. A: control
(poor expression) B: Sham group (poor expression) C: I/R (strong expression) D: 1000 mg/kg Proxeed Plus + I/R (mild expression) E: 1000 mg/kg Proxeed Plus + I/R
(poor expression). F: graph showing the % iNOS expression. I/R: Ishemia/Reperfusion; PP: Proxeed Plus Each bar represents Mean + SD of 3 determinations. *p <
0.05, **p < 0.001. The Original image represents the photomicrograph of immune stained testicular cells showing the expression of inducible Nitric oxide while the
pseudo colored image shows the percentage of positively stained nuclear area (labeling index) using colour deconvolution algorithms separating the counterstain.
Brown colour: - the DAB precipitate indicate area of iNOS expression (red arrow), blue colour:- H & E counterstain indicate no expression of inducible nitric oxide

synthase (negatively stained nuclear area of the testicular tissue) (black arrow).

caused by I/R of the testis.

Caspase 3 and caspase 9 are an apoptotic feature, thus the high levels
of the caspase-3 and caspase-9 in I/R injured rats is an indication of the
increase in programmed cell death following testicular I/R. Our data
correspond with the results reported by other investigators, which
demonstrated that testicular torsion induces germ cell-specific apoptosis
[55,56]. Treatment with PP resulted in a significant decrease in the germ
cell apoptosis in the ischemic testis.

The I/R injured rats exhibited significant higher iNOS immunohis-
tochemical reactions. Our results agree with those of other studies that

demonstrated an increase in iNOS expression as detected by immuno-
histochemistry in the organs of I/R injured rats [57]. The high expres-
sion of iNOS enhances the formation of NO and may contribute to
circulatory failure and organ dysfunction. Besides, it has been reported
that NO promotes apoptosis via activation of c-Jun [58,59]. These
correspond with the high levels of apoptotic markers observed in I/R
injured rats

Biochemical, histological and immunohistochemical evidence from
this study have shown that I/R damage occurs following testis ischemia,
which caused hormonal imbalance, apoptosis, spermatogenesis



J.O. Sangodele et al.

impairment and may ultimately cause subfertility and infertility.
Proxeed Plus has reversed this negative effect after a single adminis-
tration and a more beneficial effect after repeated administrations.
Clinical trials have shown that the ingredients in Proxeed Plus support
sperm health, including increase sperm motility, count, speed, and
concentration [50]. However, this study showed, for the first time that
Proxeed Plus can ameliorate oxidative stress, apoptosis and hormonal
impairment in ischemia-reperfused injured rats. Although the relevant
mechanisms through which PP suppress the oxidative stress and iNOS
remain a subject for future research, the present study indicates that PP
could serve as a promising supplement to salvage ischemic testis and
might further expand its therapeutic value in ischemic diseases.

5. Conclusions

The present study demonstrated that PP protected the rat’s testis
against I/R-induced oxidative stress, apoptosis and hormonal imbalance
with maximum protective effect at 5000 mg/kg bw. This is suggestive of
the unique and usefulness of PP, thus, it may be a novel approach in
preventing testicular damage of reperfusion injury after ischemia.
However, mechanistic experiments and clinical studies are necessary to
confirm our findings.
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