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A B S T R A C T 

Background: High-fat diet (HFD) exposure can alter testicular redox balance and male reproductive 

function. This study compared the effects of three oral orlistat doses on epididymal sperm 

characteristics, testicular biochemical indices, plasma testosterone, and testicular histology in HFD-

fed rats. 

Methods: Twenty-five male Wistar rats were randomized to five groups (n = 5 each): standard-diet 

control, HFD control, or HFD plus orlistat at 360, 480, or 600 mg/kg/day for 60 days. We assessed 

sperm motility, viability, and morphology; testicular lipid peroxidation, oxidant status, and 

antioxidant measures; plasma testosterone; and qualitative hematoxylin-and-eosin histology. 

Results: The high-fat diet control exhibited elevated TBARS, sperm abnormalities, and testosterone 

compared to standard diet controls, whereas orlistat treatment reduced sperm motility and viability, 

particularly at higher doses; it lowered TBARS and MDA levels, modulated antioxidant markers 

such as GST and GSH at the highest dose, and caused focal tubular disorganization at 600 mg/kg/day 

while preserving tubular structure at moderate doses. 

Conclusion: In this exploratory animal experiment, lower reported lipid-peroxidation measures co-

occurred with lower sperm motility and viability at higher orlistat doses. The divergent biochemical 

and reproductive patterns support endpoint-specific interpretation rather than a uniformly beneficial 

response or an optimal therapeutic dose. 
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Introduction 

Obesity is associated with impaired male 

reproductive function through endocrine 

disturbance, inflammation, altered scrotal 

thermoregulation, and oxidative stress. 

Excess reactive species can damage the 

polyunsaturated lipids of sperm 

membranes and interfere with spermatogenesis, sperm 

function, and steroidogenesis. Epidemiological and 

experimental studies have consequently linked excess 

adiposity with altered semen quality and testicular 

injury [1–3]. However, individual reproductive 

endpoints need not change in parallel, and the response 

to a high-fat diet depends on the experimental context. 

Orlistat is an intestinal lipase inhibitor that reduces 

dietary fat absorption and is used for weight management 

[4]. Reduced dietary lipid availability may modify HFD-

associated metabolic and reproductive responses. 

Orlistat also inhibits fatty acid synthase in cellular 

experimental systems [5], but this mechanism is not 

assumed to account for reproductive changes following 

oral administration. Rodent studies have reported 

improvements in testicular oxidative and inflammatory 

indices with orlistat, but their doses, dietary protocols, 

and treatment schedules vary [3, 6]. This variation makes 

it important to assess sperm, endocrine, biochemical, and 

structural endpoints separately. 

The present randomized animal experiment 

compared three oral orlistat dose levels in male Wistar 

rats fed an HFD for 60 days. The objectives were to 

characterize epididymal sperm motility, viability, and 

morphology; testicular lipid peroxidation and 

antioxidant measures; plasma testosterone; and 

qualitative testicular histology. The study evaluated 

whether these outcomes showed concordant or 

divergent patterns across dose groups; it was not 

intended to establish a clinical dosing recommendation. 

Materials and Methods 

Study design and animals 

Twenty-five male albino Wistar rats, aged 2 months 

and weighing 190 ± 5 g, were obtained from the Animal 

House of the College of Science, University of Al-

Qadisiyah. After 2 weeks of acclimatization, animals 

were housed in standard polypropylene cages (5 rats 

per cage) at 22–25 °C under a 12-hour light/dark cycle, 

with free access to water and diet. Rats were randomly 

allocated using a simple random procedure to five 

groups (n = 5 per group): standard-diet control (Control 

A), HFD control (Control B), and HFD plus oral orlistat 

at 360, 480, or 600 mg/kg/day (OS-360, OS-480, and 

OS-600, respectively). Saline or treatment was 

administered by oral gavage once daily for 60 days. 

The five-animal group size was selected based on 

previous HFD and reproductive-toxicity experimental 

designs. The study was exploratory. Investigators 

blinded to group allocation conducted semen 

assessments and histological examinations. Body 

weights were recorded during monitoring. All 25 

animals were included in the final summaries; no 

premature deaths or adverse clinical events were 

reported. 

Diet and treatment 

The HFD was prepared by mixing standard 

powdered chow with 30% melted animal abdominal fat 

by weight, adapting a previously described dietary 

formulation [7]. The mixture was formed into pellets 

and air-dried before administration. Orlistat was 

obtained as a commercial pharmaceutical formulation 

(Xenical®, Hoffmann-La Roche, Basel, Switzerland; 

batch ORL-2023-04). Capsule contents were dispersed 

in distilled water to form a suspension and administered 

by gavage at a total volume of 1 mL per rat per day. The 

protocol compared 360, 480, and 600 mg/kg/day as 

exploratory high-dose exposures over 60 days. These 

doses are experimental exposure levels and are not 

presented as clinically equivalent doses. 

Sample collection 

At the end of the 60-day exposure, animals were 

anesthetized with isoflurane and euthanized. Blood was 

collected from the vena cava into heparinized tubes and 

centrifuged at 860 × g for 20 minutes. Plasma was 

stored at −80°C until analysis. Testes were excised, 

weighed, and rinsed with saline. Tissue was either 

frozen at −80°C for biochemical analysis or fixed in 

10% neutral buffered formalin for histological 

examination. 

Sperm assessment 

The cauda epididymis was minced in phosphate-

buffered saline (pH 7.4) at 37°C. At least 200 

spermatozoa per rat were examined at 400× 

magnification. Motility was expressed as the 

percentage exhibiting forward progression [8]. 

Viability was assessed in eosin–nigrosin-stained 

smears by classifying 200 spermatozoa as unstained 

(viable) or eosin-positive (nonviable) [9]. Morphology 

was evaluated in 200 spermatozoa at 1000× oil-

immersion magnification, and head, neck/midpiece, 

and tail abnormalities were recorded separately [8]. The 

rat, rather than the individual spermatozoon, was the 

unit used for the reported group summaries. 

O 
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Biochemical measurements 

Testicular tissue was homogenized in ice-cold 

phosphate-buffered saline (pH 7.4) and centrifuged at 

10,000 × g for 15 minutes at 4 °C. The supernatant was 

used for biochemical assays. Lipid peroxidation was 

assessed by the thiobarbituric acid-reactive substances 

(TBARS) procedure of Ohkawa et al. [10], which 

expresses thiobarbituric acid reactivity as 

malondialdehyde (MDA) equivalents. Total oxidant 

status (TOS) was described using Erel's colorimetric 

method [11]. This assay measures composite oxidant 

status against a hydrogen peroxide calibration rather 

than directly measuring individual reactive oxygen 

species. Peroxiredoxin activity was measured using the 

fluorometric method of Mohsin et al. [12]. 

Glutathione S-transferase (GST) activity was 

assessed using reduced glutathione and 1-chloro-2,4-

dinitrobenzene at 340 nm [13]. Reduced glutathione 

(GSH) was measured with Ellman’s reagent (5,5′-

dithiobis-(2-nitrobenzoic acid)) at 412 nm [14]. 

Glutathione peroxidase (GPx) was assessed by 

following GSH consumption in the presence of 

hydrogen peroxide [15]. Superoxide dismutase (SOD) 

activity was assessed by inhibition of pyrogallol 

autoxidation at 420 nm [16]. Biochemical values are 

reported on their assay scales without unit conversion. 

Testosterone assay 

Plasma testosterone was quantified using a 

commercial competitive testosterone enzyme-linked 

immunosorbent assay (DRG International, Inc., 

Springfield, NJ, USA; EIA-1559, lot 43K082), 

following the manufacturer’s instructions. Testosterone 

concentrations are expressed in ng/mL. The 

manufacturer-specified analytical sensitivity was 0.083 

ng/mL; this specification describes the kit rather than a 

study-specific validation result. 

Histological examination 

Formalin-fixed testicular tissue was dehydrated 

through graded alcohols, cleared in xylene, embedded 

in paraffin wax, sectioned at 5 µm, and stained with 

hematoxylin and eosin (H&E). Sections were examined 

using an Olympus BX51 light microscope (Olympus 

Corp., Tokyo, Japan), with nominal low- and high-

power acquisition settings of 100× and 400×. 

Histological examination was conducted in a 

randomized and blinded manner by an experienced 

pathologist unaware of group allocation. Findings are 

presented as qualitative observations of seminiferous-

tubule organization, germinal epithelium, luminal 

spermatozoa, interstitial spacing, vacuolation, and focal 

disorganization. Representative images illustrate these 

observations without assigning quantitative 

morphometric or spermatogenic scores. 

Statistical analysis 

Statistical analyses were performed using IBM 

SPSS Statistics version 20.0 (IBM Corp., USA). 

Quantitative outcomes are presented as mean ± SD for 

five rats per group. Between-group comparisons for the 

outcomes in Tables 1–4 used one-way analysis of 

variance (ANOVA), followed by Tukey’s post hoc test 

for multiple pairwise comparisons. Statistical 

significance was defined as P < 0.05. Within a table 

column, values that do not share a superscript letter 

indicate a significant difference according to Tukey’s 

test. Motility and viability are expressed in percentage 

points, and testosterone is expressed in ng/mL. 

Results 

Sperm characteristics 

Control B had numerically higher motility and 

viability than Control A (95.3 ± 5.6% versus 90.1 ± 

4.47%, and 75.6 ± 1.66% versus 73.8 ± 0.80%, 

respectively); the control groups shared superscript 

letters and did not differ significantly according to the 

reported Tukey comparisons. Motility was significantly 

lower in OS-360, OS-480, and OS-600 than in Control 

B (87.3 ± 6.4%, 85.6 ± 5.4%, and 84.5 ± 4.3%, 

respectively; P < 0.05). Viability was 72.6 ± 1.36%, 

67.6 ± 2.18%, and 62.8 ± 2.88% across these groups 

and was significantly lower than Control B at 480 and 

600 mg/kg/day. The differences from Control B were 

−8.0, −9.7, and −10.8 percentage points for motility and 

−3.0, −8.0, and −12.8 percentage points for viability. 

Head, neck, and tail abnormality percentages were 

significantly higher in Control B than in Control A. 

Neck abnormalities were significantly lower in OS-600 

than in Control B, whereas head and tail abnormalities 

did not differ significantly between Control B and the 

orlistat groups (Table 1). 

Lipid-peroxidation and oxidant-status measures 

TBARS was significantly higher in Control B than 

in Control A (3.40 ± 0.055 versus 1.34 ± 0.042; P < 

0.05). Values were 2.90 ± 0.077, 2.60 ± 0.045, and 1.40 

± 0.060 in OS-360, OS-480, and OS-600; only OS-600 

differed significantly from Control B according to the 

reported Tukey grouping. The separately reported 

MDA values were 36.98 ± 0.35 in Control A and 37.99 

± 0.40 in Control B, with no significant difference 

between the controls. MDA was significantly lower in 

all orlistat groups than in Control B (35.70 ± 0.39, 

34.75 ± 0.36, and 34.80 ± 0.34, respectively; P < 0.05). 

They showed no significant between-group differences 

in the reported analysis (Table 2). 
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Antioxidant measures 

GSH was significantly higher in Control B than in 

Control A, whereas GST, GPx, and SOD did not differ 

significantly between the control groups. GST and 

GSH were significantly lower in OS-600 than in 

Control B (12.11 ± 2.27 versus 22.82 ± 0.17, and 

188.13 ± 5.57 versus 206.19 ± 4.98, respectively; P < 

0.05). GST did not decline uniformly across the orlistat 

doses, with a higher mean in OS-480 than in OS-360. 

GPx values decreased numerically from 48.85 ± 4.55 to 

45.79 ± 4.50 and 40.56 ± 2.13 across OS-360, OS-480, 

and OS-600. Corresponding SOD values were 8.30 ± 

2.48, 8.20 ± 1.45, and 5.90 ± 1.45. Control B shared 

superscript letters with each treatment group for GPx 

and SOD, indicating no significant difference between 

Control B and the treatment groups in the reported 

Tukey comparisons (Table 3). 

Plasma testosterone 

Plasma testosterone was significantly higher in 

Control B than in Control A (2.50 ± 0.06 versus 1.43 ± 

0.02 ng/mL; P < 0.05). Values were 1.80 ± 0.05, 1.60 ± 

0.04, and 1.44 ± 0.03 ng/mL in OS-360, OS-480, and 

OS-600, respectively. The corresponding differences 

from Control B were −0.70, −0.90, and −1.06 ng/mL. 

Only OS-600 differed significantly from Control B 

according to the reported Tukey grouping, and its 

concentration was close to Control A, with which it 

shared a superscript letter (Table 4). 

Histological observations 

Control A showed generally regular seminiferous-

tubule architecture, preserved germinal epithelium, and 

luminal spermatozoa (Figure 1).  

Table 1. Epididymal sperm characteristics in standard-diet, HFD-control, and HFD-plus-orlistat groups.  

Group Motility (%) Viability (%) 
Neck abnormality 

(%) 
Tail abnormality 

(%) 
Head 

abnormality (%) 
Control A 90.1ᵃᵇ ± 4.47 73.8ᵃᵇ ± 0.80 1.6ᵇ ± 1.3 7.1ᵇ ± 3.1 2.6ᵇ ± 1.1 
Control B 95.3ᵃ ± 5.6 75.6ᵃ ± 1.66 3.5ᵃ ± 1.6 9.2ᵃ ± 4.1 6.7ᵃ ± 4.6 
OS-360 87.3ᵇ ± 6.4 72.6ᵃᵇ ± 1.36 2.5ᵃᵇ ± 1.7 12.2ᵃ ± 5.6 8.8ᵃ ± 4.7 
OS-480 85.6ᵇ ± 5.4 67.6ᵇ ± 2.18 2.4ᵃᵇ ± 1.5 10.3ᵃ ± 6.5 7.7ᵃ ± 4.4 
OS-600 84.5ᵇ ± 4.3 62.8ᵇᶜ ± 2.88 2.3ᵇ ± 1.4 9.3ᵃ ± 6.6 4.3ᵃ ± 4.1 

 

Data are mean ± SD (n = 5 rats per group). Control A, standard-diet control; Control B, HFD control; OS-360, OS-480, and 

OS-600, HFD plus orlistat at 360, 480, and 600 mg/kg/day, respectively. Within a column, values that do not share a superscript 

letter differ at P<0.05 by one-way ANOVA with Tukey’s post hoc test. 

Table 2. Reported testicular lipid peroxidation, oxidant-status, and peroxiredoxin measures.  

Group 
TBARS 

(reported mmol/mg) 
MDA 

(reported nmol/g) 
Oxidant-status index Peroxiredoxin 

Control A 1.34ᵇ ± 0.042 36.98ᵃ ± 0.35 15.95ᵃ ± 0.10 3.90ᵃ ± 0.04 
Control B 3.40ᵃ ± 0.055 37.99ᵃ ± 0.40 15.71ᵃ ± 0.02 3.74ᵃ ± 0.03 
OS-360 2.90ᵃᵇ ± 0.077 35.70ᵇ ± 0.39 15.40ᵃ ± 0.40 3.44ᵃ ± 0.14 
OS-480 2.60ᵃᵇ ± 0.045 34.75ᵇ ± 0.36 16.27ᵃ ± 0.04 3.37ᵃ ± 0.23 
OS-600 1.40ᵇ ± 0.060 34.80ᵇᶜ ± 0.34 16.38ᵃ ± 0.40 3.65ᵃ ± 0.15 

 

Data are mean ± SD (n = 5 rats per group). Within a column, values that do not share a superscript letter differ at P<0.05 by one-

way ANOVA with Tukey’s post hoc test. 

Table 3. Reported testicular lipid peroxidation, oxidant-status, and peroxiredoxin measures.  

Group GST 
GSH 

(reported mg/dL) 
GPx 

(reported mmol/min/mL) 
SOD 

(reported U/mg) 
Control A 20.07ᵃ ± 0.85 185.17ᵇ ± 2.98 51.89ᵃ ± 4.67 10.28ᵃ ± 1.45 
Control B 22.82ᵃ ± 0.17 206.19ᵃ ± 4.98 50.93ᵃᵇ ± 5.70 11.35ᵃᵇ ± 3.50 
OS-360 17.44ᵃᵇ ± 0.23 198.18ᵃᵇ ± 3.95 48.85ᵇ ± 4.55 8.30ᵇ ± 2.48 
OS-480 19.79ᵃᵇ ± 2.50 190.13ᵃᵇ ± 3.88 45.79ᵇ ± 4.50 8.20ᵇ ± 1.45 
OS-600 12.11ᵇ ± 2.27 188.13ᵇ ± 5.57 40.56ᵇ ± 2.13 5.90ᵇ ± 1.45 

 

Data are mean ± SD (n = 5 rats per group). Within a column, values that do not share a superscript letter differ at P<0.05 by one-

way ANOVA with Tukey’s post hoc test. 



                                                                                                                                      2026, Volume 16, E53622 
 

 

5 
Kamil Awad et al. Effects of Three Oral Orlistat Doses on Testicular Oxidative Stress, Histology, and Semen Quality…. IJMTFM. 

2026;16:E53622. 

 

The HFD-control sections showed focal tubular 

disorganization, interstitial widening, and vacuolation 

(Figure 2). OS-360 and OS-480 showed generally 

organized seminiferous tubules and luminal 

spermatozoa (Figures 3 and 4). OS-600 showed 

generally preserved tubules in broad fields with focal 

germ-cell disorganization in higher-detail fields 

(Figure 5). These descriptions refer to representative 

H&E images and do not imply a quantitative ranking of 

structural outcomes. 

Discussion 

This randomized animal experiment identified 

divergent reproductive, biochemical, and endocrine 

responses across three oral orlistat dose groups in HFD-

fed Wistar rats. The reported Tukey comparisons 

indicated lower sperm motility in each orlistat group 

and lower viability at 480 and 600 mg/kg/day than in 

the HFD control. MDA was lower in all treatment 

groups, whereas TBARS differed from the HFD control 

Table 4. Plasma testosterone concentrations.  

Group Testosterone (ng/mL) 

Control A 1.43ᵇ ± 0.02 

Control B 2.50ᵃ ± 0.06 

OS-360 1.80ᵃᵇ ± 0.05 

OS-480 1.60ᵃ ± 0.04 

OS-600 1.44ᵇ ± 0.03 

 

Data are mean ± SD (n = 5 rats per group). Testosterone is 

expressed in ng/mL. Group definitions are as in Table 1. 

Within a column, values that do not share a superscript 

letter differ at P<0.05 by one-way ANOVA with Tukey’s 

post hoc test. 

   

 
Figure 1. Representative H&E-stained testicular sections 

from Control A (standard-diet control). Left, broad-field 

view showing multiple seminiferous tubules; right, higher-

detail view showing preserved germinal epithelium and 

luminal spermatozoa. Images illustrate qualitative 

architecture. 

  

 

 
Figure 2. Representative H&E-stained testicular sections from Control B (HFD control). (A, D) Broad-field views of 

seminiferous tubules and interstitial tissue. (B, C) Higher-detail views of individual tubules. Focal tubular disorganization, 

interstitial widening, and vacuolation are described qualitatively. 
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only at 600 mg/kg/day. GST and GSH were also lower 

 

 
Figure 3. Representative H&E-stained testicular sections from OS-360 (HFD plus orlistat, 360 mg/kg/day). (A, B) Broad-field 

views showing generally organized seminiferous tubules. (C, D) Higher-detail views of germinal epithelium and luminal 

spermatozoa. Images illustrate qualitative architecture. 

  

 

 

Figure 4. Representative H&E-stained testicular sections from OS-480 (HFD plus orlistat, 480 mg/kg/day). (A) Broad-field 

view showing organized seminiferous tubules. (B, C) Higher-detail views showing germinal epithelium and luminal 

spermatozoa. Images illustrate qualitative architecture. 
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only at 600 mg/kg/day. GST and GSH were also lower 

at the highest dose, but GPx and SOD did not differ 

significantly between the HFD control and the 

treatment groups. Testosterone at 600 mg/kg/day was 

lower than in the HFD control and close to the standard-

diet control value. These observations emphasize that a 

favorable change in a lipid-peroxidation measure does 

not necessarily coincide with better sperm function. 

Each endpoint should therefore be interpreted 

separately rather than combined into a single claim of 

reproductive protection. 

The HFD control showed higher TBARS, sperm-

abnormality percentages, and testosterone than the 

standard-diet control, but motility and viability were 

numerically higher, with no significant control-group 

differences in the reported Tukey analysis. This 

discordant pattern differs from the generalized 

expectation that HFD-associated metabolic stress 

uniformly impairs reproductive function. Obesity-

related reproductive effects are heterogeneous in both 

human and experimental studies [1–3]. In the present 

experiment, HFD exposure is the appropriate model 

description; the control-group pattern alone does not 

establish an obese phenotype or a compensatory 

endocrine mechanism. Differences in dietary 

formulation, exposure duration, strain, biological 

variation, and sampling may contribute to variation 

between studies, but the current observations do not 

distinguish these explanations. 

Primary HFD-orlistat studies provide useful 

context. Suleiman et al. studied 24 male Sprague–

Dawley rats in groups of six, using 10 mg/kg/day 

orlistat either concurrently with HFD for 12 weeks or 

during the final 6 weeks after obesity induction. They 

reported HFD-associated reductions in testicular 

antioxidant-enzyme activity and increases in 

inflammatory and apoptotic markers, with 

improvements under preventive and therapeutic orlistat 

schedules [3]. Galaly et al. used a 35%-fat diet for 16 

weeks, followed by 6 weeks of treatment with 2 

mg/kg/day orlistat, and reported lower testicular MDA, 

along with higher GSH and SOD, than in HFD controls 

[6]. The lower lipid-peroxidation measures in the 

present treatment groups are directionally compatible 

with those reports, whereas the antioxidant pattern 

differs. This distinction matters because the present 

 

 

Figure 5. Representative H&E-stained testicular sections from OS-600 (HFD plus orlistat, 600 mg/kg/day). (A, B) Broad-field 

views of seminiferous tubules. (C, D) Higher-detail views showing focal germ-cell disorganization and variable luminal 

spermatozoal density. Images illustrate qualitative architecture. 
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doses were substantially higher, the exposure schedule 

was shorter, and the diet, strain, group size, and 

measurement scales differed. 

A related experiment by Suleiman et al. used 10 

mg/kg/day orlistat in preventive and post-induction 

schedules and assessed obesity using body-size indices. 

HFD-associated reductions in sperm motility, viability, 

normal morphology, and steroidogenic endpoints were 

improved with treatment [17]. Another study from the 

same group reported restoration of intratesticular 

lactate-transport measures and fertility-related 

endpoints in obese rats receiving orlistat [18]. Those 

molecular and functional measurements provide a 

mechanistic framework for their respective 

experiments, but cannot be assumed to mediate the 

present findings. The contrasting sperm patterns across 

these reports and the current study favor a design-

specific interpretation rather than a universal beneficial 

effect of orlistat. 

The biochemical findings require an endpoint-

specific interpretation. TBARS is an assay for 

thiobarbituric acid reactive products, commonly 

expressed as MDA equivalents [10]. The TBARS and 

separately reported MDA columns should therefore not 

be treated as two independent demonstrations of a 

mechanism. Erel’s TOS assay measures composite 

oxidant status rather than individual reactive oxygen 

species [11], so it is not interchangeable with direct 

ROS quantification. Lower GST, GSH, GPx, or SOD 

values also do not establish antioxidant exhaustion: 

they describe assay outcomes and do not identify 

whether substrate availability, enzyme regulation, 

cellular composition, or another process accounts for 

the pattern. Inhibition of fatty acid synthase has been 

demonstrated in cellular systems [5], but the current 

experiment does not establish that this mechanism 

caused changes in testicular redox balance or sperm 

function. 

The testosterone pattern should likewise be 

distinguished from physiological normalization. OS-

600 and Control A had similar mean testosterone 

concentrations, but proximity to a comparator does not 

establish restoration of endocrine function or explain 

the sperm findings. Furthermore, the dose-group 

ordering was not identical for all endpoints: GST was 

higher in OS-480 than in OS-360, and the MDA means 

in OS-480 and OS-600 were similar. Although the 

reported Tukey comparisons identify specific 

treatment–control differences, they do not constitute a 

formal trend test. The descending means for motility 

and viability therefore do not by themselves establish a 

monotonic pharmacological dose-response or identify 

a therapeutic optimum. 

The histological findings complement, but do not 

replace, the sperm and biochemical observations. 

Figure 1 provides the standard-diet control image. The 

representative sections show focal disorganization in 

the HFD control, generally preserved organization in 

OS-360 and OS-480, and focal disorganization in OS-

600. These appearances should not be interpreted as 

proof that OS-480 was structurally superior or that 

histological preservation ensured better sperm function. 

A qualitative image-based assessment captures tissue 

architecture, whereas motility and viability assess 

distinct functional properties.  

Several design considerations limit precision and 

generalizability. With five rats per group, individual 

animals can substantially influence the group 

summaries. Shared housing also creates a potential 

cage-level contribution to between-group differences. 

If each treatment group occupied a single cage, cage 

and treatment effects would be inseparable; more 

generally, within-cage dependence can reduce effective 

independent replication. A cage effect could exaggerate 

or attenuate a treatment-associated difference, and the 

reported summaries cannot quantify its direction or 

magnitude. Blinding of semen and histological 

assessment reduces observer-knowledge bias but does 

not remove potential housing or sampling effects. 

Larger studies with independent cage replication, 

defined primary outcomes, calibrated quantitative 

histology, and transparent effect estimates would 

strengthen the precision and interpretation of these 

observations. 

Conclusion 

Orlistat-associated changes in testicular 

biochemical markers did not translate into uniformly 

improved reproductive function in HFD-fed rats. These 

findings underscore the importance of evaluating sperm 

function alongside biochemical and endocrine 

endpoints when assessing reproductive effects. Further 

dose-ranging studies are warranted before mechanistic 

conclusions or clinical dosing recommendations can be 

established. 
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