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Abstract

Alcoholism has been linked to problems with male reproductive function. The combined effects of alcohol, cannabis, and
tobacco were compared in this study. A total of 35 rats were assigned randomly into seven groups A-G: animals in A were
administered distilled water. Animals in B-G were either administered alcohol orally (30 ml 40% alcohol) or exposed to
smoke from ignited tobacco (exposure to smoke from 0.7 g tobacco for 5min) or cannabis (exposure to smoke from 0.7 g
tobacco and cannabis for 5min): B (orally administered alcohol), C (exposed to the smoke from tobacco), D (exposed to smoke
from cannabis), E (treated with alcohol and exposed to smoke from tobacco), F (treated with alcohol and exposed to smoke
from cannabis), G (treated with alcohol and exposed to smokes from tobacco and cannabis). Assays were carried on the
testicular homogenate after a 14-day treatment. There was a significant increase in activity of alkaline phosphatase

(P < 0.05), concentrations of cholesterol, glutathione reductase, and malondialdehyde in treated rats by the co-administration
of alcohol with cannabis and tobacco compared with the control group. The combined treatment also caused degeneration
and morphological distortions of testicular cells. The biochemical and histoarchitectural change was due to oxidative
damage attributable to the synergistic effects. The high binding energy of tetrahydrocannabinol ligand to prostate acid
phosphatase may be a prediction that the ligand can have an inhibitory effect on the function of enzymes in the prostate.
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Introduction

Some lifestyles have been found to influence sperm produc-
tion in humans and can cause biochemical changes that affect
endocrine function, antioxidant status, and the morphological
or fertilizing ability of male sex cells [1]. The altered morphol-
ogy and defective sperm function have been linked to reactive

oxygen species, according to research. [2]. Nicotine, a bioactive
principle in tobacco has been reported to adversely affect sper-
matogenesis and lead to cellular depletion by suppressing the
testosterone biosynthesis, reducing messenger RNA (mRNA) and
protein levels of bcl-2, and upregulating the p53 and caspase-
3 mRNA and protein levels [3]. Tobacco smoke also includes
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harmful chemicals such as arsenic, hydrogen cyanide, lead, and
benzene, some of which may be mutagens, aneugens, and car-
cinogens. Smoking has been shown in several studies to impair
sperm motility and reduce the proportion of morphologically
normal sperm. [4-6]. Previous researches in humans have also
shown that smoking results in a secretory dysfunction of both
Sertoli and Leydig cells [7]. The two elucidated cannabinoids
are delta-9 tetrahydrocannabinol and cannabidiol [8]. In previous
research, cannabinoids or their derivatives were found to bind to
endocannabinoid receptors, which are part of the endocannabi-
noid system. The dynamic effect of cannabinoids on binding to
endocannabinoid receptors have been reported to play a strategic
role in male reproductive function and other biological processes
related to nervous system development, synaptic plasticity, as
well as a general response to environmental insults [9]. Fur-
thermore, alcohol has been shown to block the hypothalamus-
pituitary—gonadal axis’ feedback mechanisms, causing damage
to the proteins required for spermatogenesis and a decline in
blood levels of testosterone [10]. Long-term alcoholic and tobacco
use can increase the risk of acquired infertility in many adult
males by fragmenting the DNA of previously healthy sperm [11].
This research investigated the biochemical and histopathological
changes in the rat testis caused by alcohol consumption, as well
as the co-use with tobacco and cannabis. The structure of the
enzyme-inhibitor complex was also investigated in this study,
which involved computational docking of alcohol, cannabis, and
tobacco ligands to the active site of human prostate acid phos-
phatase.

Materials and Methods
Alcohol, tobacco, and cannabis

The National Drug Law Enforcement Agency provided cannabis
leaf for this research, whereas Philip Morrison International
British American Tobacco (Lisnafillan, Ballymena, Northern
Ireland) provided tobacco leaf. Chelsea London Dry Gin provided
the distilled alcohol (Lagos, Nigeria).

Preparation of alcohol/reagents

Fourteen milliliters of gin was dissolved in 6 ml of distilled water
(v/v: 7/3). Each rat was given 0.2 ml of the mixture.

Animal grouping and treatment

A total of 35 rats with an average weight of 140 + 0.5 g were pur-
chased from the animal house of the Biochemistry Department,
University of Ilorin Kwara State, Nigeria. The rats were acclima-
tized for 7 days, allowed access to food and water ad libitum.
Ethical approval for the handling of the experimental animals
was obtained from the University of Ilorin Ethical Committee
(UERC/ASN/2017/902). The experimental animals were randomly
distributed into seven groups: A, B, C, D, E, F, and G with five
rats in each group. Group A (control) received 0.2 ml of distilled
water via oral gavage. Similarly, each rat in groups B, E, F, and
G was orally administered 30 ml of 40% alcoholic per volume
(0.14 ml of the alcohol was administered in 0.06 ml of water as a
vehicle). Subsequently, rats in groups C, E, and G were indepen-
dently exposed to smoke from burnt 0.7 g of tobacco each. In a
ventilated chamber measuring 50 x 50 x 50 cm?, tobacco was sus-
pended and ignited. The rats were placed in the compartments
of the chamber for 5 min to inhale the trapped tobacco smoke.

The rats in groups D, F, and G inhaled smoke from 0.7 g of
cannabis in the chamber for 5 min. The animals were euthanized
24 h after the last treatment of the 14-day experiment. The testes
were collected and homogenized in an appropriate buffer for a
specific biochemical assay. A section of the testis was preserved
for histopathological examination.

Biochemical analyses

Biochemical parameters were estimated in the testicular sample
homogenate using a digital UV/visible spectrophotometer (Jen-
way, England).

Organ-body weight ratio. The organ-body weight ratio is the
organ weight to the total body weight [12]: organ weight/total
body weight x 100.

Total protein concentration. Protein concentration was evaluated
using the method described by Gornall et al. [13]. Four milliliters
of biuret reagent was added to 1 ml of sample homogenate; 1 ml
of sample homogenate was mixed with 4 ml of biuret reagent.
The mixture was left to sit for 30 min before being measured
at 340 nm. The protein concentration was determined as follow:
Cs x F (mg/ml), where Cs is the corresponding protein concentra-
tion from the standard curve and F is the dilution factor.

Determination of alkaline phosphatase (ALP) activity. The method
used for this assay was described by Wright et al. [14]. The appro-
priately diluted sample was added to the mixture of 2.2 ml of
0.1M carbonate buffer, 0.1 ml of 0.1 M MgS0,.7H,0 and incubated
at 37°C for 10 min; 0.5 ml of P-nitrophenyl phosphate (PNPP)
(10mM) was added to the preceding mixture and incubated at
37°C for 10 min. The reaction was terminated using 2 ml of
1M NaOH and absorbance was measured at a wavelength of
400 nm. Activity (nM/min/mg protein) =; AOD/min = change in
the optical density of the reaction mixture per minute; TV = total
volume of the reaction mixture; F = total dilution factor; SV = vol-
ume of the appropriately diluted sample; L = light path length;
9.9 is the extinction coefficient of 1pm of PNPP in the alkaline
solution of 1 ml volume and 1 cm path length; 1000 is the dilution
factor introduced, which can express the enzyme activity in
nM/min/mg protein.

Determination of acid phosphatase (ACP) activity. The method used
in this assay was described by Wright and Leathwood [15]. The
appropriately diluted sample was added to the mixture of 2.2 ml
of sodium acetate buffer and incubated at 37°C for 10 min;
0.5 ml of PNPP (10 mM) was added to the preceding mixture and
incubated at 37°C for 10 min. The reaction was terminated using
2 ml of 1M NaOH and the absorbance was taken at a wavelength
of 400 nm. Enzyme activity (nM/min/ml) =; Where: AOD/min =
Change in optical density of reaction mixture per minute; SV =
Volume of enzyme soutrce; L = Light path length (1cm); TV =
Total volume of the reaction mixture; F = Total dilution factor; 9.9
= Extinction co-efficient of 1pum of p-nitrophenol in an alkaline
solution of 1 ml volume and 1cm path length; 1000 = The factor
introduced to enable the enzyme activity to be expressed in
nM/min/mg protein.

Determination of superoxide dismutase (SOD) activity. The method
described by Misra and Fridovich [16] was used to estimate super-
oxide dismutase activity; 0.3 ml of 0.3 mM adrenalin was added
to 2.5 ml 0.001 M phosphate buffer (pH 1.02); and 0.2 ml of water
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Figure 1: Effect of alcohol and co-administration with tobacco and cannabis on the testicular-body ratio (A) and testicular total protein (B) of male rats. Mean + SEM of
four variables. At P < 0.05, the bars with different superscripts are significantly different.

was added to the mixture and vortexed to obtain a homogeneous
mixture. The increase in absorbance at 480 nm was monitored
every 30 s for 150 s. Calculation: increase in absorbance (per
min) =; AO = absorbance after 30 s, A3 = absorbance after 150 s.
Percentage of inhibition =

increase in absorbance of the substrate

- - 100
increase in absorbance of blank x

Determination of catalase activity. Catalase activity was measured
by the method described by Beers and Sizer [17]; 0.1 ml of appro-
priately diluted sample was added to a cuvette containing 1.9 ml
of 50 mM phosphate buffer (pH 7.0) and reaction was started by
the addition of 1.0 ml of freshly prepared 30 mM H,0,. The rate
of decomposition of H,0, was measured spectrophotometrically
from changes in absorbance at 240 nm. The activity of catalase
was measured in units/mg protein.

Determination of reduced glutathione. The level of reduced glu-
tathione was assayed according to Jollow et al. [18]. An aliquot
(0.5 ml) of the homogenate was deproteinized by the addition of
an equal volume of 4% sulfo-salicylic acid and then centrifuged
at 3000 rpm for 15 min at 20°C; 0.5 ml of the supernatant was
then added to the 4.5 ml Ellman reagent. A blank was prepared
with 0.5 ml of sulfo-salicylic acid in 0.1 M phosphate buffer (twice
dilution) and 4.5 ml of Ellman reagent. The absorbance was read
within 5min of the generation of yellow color on the addition of
Ellman reagent at 412 nm.

Determination of lipid peroxidation. The sample lipid peroxida-
tion was estimated according to the method described by Kei
[19]. Thiobarbituric acid reactive substance was measured as an
estimate of malondialdehyde (MDA), which is a product of lipid
peroxidation. 1.6 ml of 30% trichloroacetic acid was added to .4 ml
of appropriately diluted sample and vortexed; 0.5 ml of 0.050%
thiobarbituric acid was added to the mixture and vortexed. The
reaction mixture was heated at 45 min at 80°C for color develop-
ment. This was again cooled in ice after heating for 10 min. After
shaking vigorously, this was centrifuged at 5000 rpm for 10 min.

The absorbance of the supernatant, which is the organic phase,
was then taken at 532 nm.

Indirect assessment of HMG-CoA/mevalonate ratio. p-Hydroxyl-
B-methylglutaryl coenzyme A (HMG-CoA) reductase was also
estimated according to Rao and Ramakrishnan [20] by measuring
the concentration of HMG-CoA and mevalonate. The ratio of
HMG-CoA to mevalonate is taken as a measure of HMG-CoA
reductase activity; 10% of the fresh tissue homogenate was
mixed with an equal volume of dilute perchloric acid (50 ml/l).
The mixture was allowed to stand for 5 min and centrifuged
(2000 rpm 10 min). One milliliter of the filtrate was added
to 0.5 ml of freshly prepared hydroxylamine reagent (alkaline
hydroxylamine reagent in the case of HMG-CoA) mix, and after
5 min, 1.5 ml of ferric chloride reagent is added to the same
tube and shake well. After 10 min, the sample absorbance
was taken at 540 nm vs a similarly treated saline/arsenate
blank.

Lipid extraction and profiling of the testes. The method for the
extraction of lipid from tissue sample was described by Folch et
al. [21]; 10% of testicular homogenate was prepared by homog-
enizing 0.2 g of the tissue in 0.8 ml of chloroform/methanol
(2:1; v/v) using Teflon homogenizer at 4°C. The homogenate
was then centrifuged at 5000 rpm at 4°C, after which the
chloroform portion of the mixture (supernatant) was taken.
The chloroform extract was subsequently washed in 0.1 ml of
0.05 M KClI solution, after which the mixture was centrifuged
again and the chloroform (lower layer) was removed for lipid
profiling. The method described by Allain et al. [22] was used to
estimate cholesterol concentration in the sample; 100 pl of the
lipid extract was evaporated to dryness at 60°C; 20 pl of Triton-
X/chloroform mixture was added and vortexed and evaporated
to dryness. One milliliter of cholesterol reagent was incubated
for 20min, and the absorbance was taken at 550 nm within
30min against the reagent blank. Similarly, the triglyceride
concentration in each sample was quantified by the method
described by Kriketos et al. [23]. One hundred microliters of
the extract was evaporated to dryness. After cooling, 100 ul of
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Figure 2: Effect of alcohol and co-administration with tobacco and cannabis on the testicular HMG-CoA and mevalonate ratio (A), testicular cholesterol concentration
(B), and testicular triglyceride concentration (C) in rats. Mean =+ SEM of four variables. At P < 0.05, the bars with different superscripts are significantly different.
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Figure 3: Effect of alcohol and co-administration with tobacco and cannabis on the testicular catalase activity (A) and testicular superoxide dismutase activity (B) in
rats. Mean + SEM of four variables. At P < 0.05, the bars with different superscripts are significantly different.
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Figure 4: Effect of alcohol and co-administration with tobacco and cannabis on the testicular alkaline phosphatase activity (A) and testicular acid phosphatase activity
(B) in rats. Mean + SEM of four variables. At P < 0.05, the bars with different superscripts are significantly different.
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Figure 5: Effect of alcohol and co-administration with tobacco and cannabis on the testicular glutathione reductase concentration (A) and malondialdehyde (B) in rats.
Mean + SEM of four variables. At P < 0.05, the bars with different superscripts are significantly different.

97% of ethanol was added to the dried extract. One milliliter of
triglyceride reagent was added and incubated for 20 min, and the
absorbance of the sample and standard were measured within
30 min at 505 nm against the reagent blank.

Histopathology

Tissue samples of the testis from the rats were fixed in formalde-
hyde (10%, v/v). The histology tissue preparation was done using
the method described by Hewitson and Darby [24]; the tissue
samples were trimmed for microtomy. The trimmed blocks were
sectioned at 7 pm thickness. The tissue ribbon was picked on a

glass slide, dried, and stained in hematoxylin and eosin (H&E)
stains. Slides were captured by a camera attached to the micro-
scope and then analyzed for histopathology. The H&E stains
coupled with the microscopic tissue analysis was done using the
method described by Cardiff et al. [25]

Molecular docking method

The following chemical ligands: nicotine, alcohol, and tetrahy-
drocannabinol were docked to crystal structures of human
prostatic acid phosphatase using Vina with AutoDock tools
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Figure 6: Testicular micrograph (H&E x100): (A) Control; normal spermatogenic cells (SP), and no degeneration; (B) Alcohol; cells were normal with slight cell
degeneration; (C) Tobacco cell were abnormal and degenerated; (D) Cannabis; normal cells and slightly abnormal cells; (E) Alcohol and Tobacco; morphological distorted
cell and germinal cell degeneration; (F) Alcohol and Cannabis; cell morphological distortion and cell apoptosis; (G) Alcohol, Tobacco, and Cannabis; spermatogenic cells

apoptosis and cells morphological distortion. Leydigs cell (L), seminiferous tubules (S).

and PyMol [26]. A subunit of the complex protein prostate acid
prostate acid phosphatase (PAP) (PDB code: IND5) was used in
the study, which also offers insight into inhibitor design.

Statistical evaluation

Values were expressed as the mean + SEM of four animals per
group. One-way analysis of variance test followed by Tukey post
hoc multiple comparisons test was used to estimate significant
differences among the variables. Values were considered sta-
tistically significant at P < 0.05. All the data were subjected to
statistical analysis using IBM SPSS (Statistical Package for Social
Science) statistic 23 (SPSS Inc., Chicago, IL, USA).

Result

The experimental rats across the treatment groups did not show
any significant (P > 0.05) change in the testicular-body ratio
compared with the rats in the control group (Fig. 1A). Similarly,
the testicular protein concentration did not show a significant
(P < 0.05) change in rats across treatment groups compared with
the rats in the control group (Fig. 1B). Animals administered
alcohol alone showed a significant (P < 0.05) increase in the
HMG-CoA-mevalonate ratio compared with the animals in
the control group. However, the HMG-CoA-mevalonate ratio
decreased significantly (P < 0.05) in rats exposed to other
treatments when compared with the control group. Only the
animal exposed to cannabis smoke showed an exception to this
trend (Fig. 2A). Similarly, testicular cholesterol and triglyceride
levels significantly (P < 0.05) increased in rats across treatment
groups compared with the rats in control groups, except for the
rats that were exposed to cannabis smoke (Fig. 2B and C). Also,
there was a significant (P < 0.05) increase in catalase activity in
rats across the treatment groups compared with the rats in the

control group, except in the rats administered alcohol (Fig. 3A).
Superoxide dismutase activity in rats in groups B, C, E, and G,
respectively, showed a significant (P < 0.05) increase (Fig. 3B).
Alkaline phosphatase (ALP) activity increases significantly
(P < 0.05) in rats across the treatment groups, with the highest
increase observed in group G (Fig. 4A). Furthermore, a significant
(P < 0.05) decrease was observed in the ACP activity of rats in
groups C, E, and G, respectively, but there was a significant
increase in rats in groups D and F compared with animals in
the control group (Fig. 4B). Also, there was a significant (P < 0.05)
increase in reduced glutathione concentration across rats in
the treatment groups compared with the rats in control groups;
however, there was a pronounced increase in rats given only
alcohol, tobacco, and cannabis, respectively (Fig. 5A). Similarly,
there was a significant (P < 0.05) increase in MDA in rats across
the treatment groups though with varying degrees of lipid
peroxidation, which also was dependent on the administered
substances and the manner of administration (Fig. 5B). Testicular
histology showed cellular degeneration across all the treatments,
but with obvious effect in the groups treated with alcohol,
tobacco, and alcohol jointly with tobacco when compared with
the rats in control groups. Conversely, the rats exposed to the
smoke from cannabis alone showed slightly normal testicular
cell integrity compared with the animals in the control groups
(Fig. 6). The negative binding energy of tetrahydrocannabinol
ligands between amino acid residues in the active sites of
prostate acid phosphatase was higher (—7.0 kcal/mol) compared
with nicotine and alcohol (Fig.7). The binding free energies
of alcohol, nicotine, and tetrahydrocannabinol are —2.6, —5.8,
and — 7.0 kcal/mol, respectively (Table 1). Tetrahydrocannabinol
complied with the Lipinski rules compared with nicotine and
alcohol (Table 2). The compound also complied with the ADMET
(absorption, distribution, metabolism, excretion, and toxicity)
drug properties (Table 3).
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Figure 7: The interacting modes of tetrahydrocannabinol showing the 3D and 2D structures, respectively: (1a and 2a), nicotine (1b and 2b), and alcohol (1c and 2c) with
the adjacent amino acid residues in the active site of human prostatic acid phosphatase.

Table 1: Binding energy in kcal/mol of tetrahydrocannabinol, nico-
tine, and alcohol with prostate acid phosphatase

Compounds Docking score (kcal/mol)
Tetrahydrocannabinol -7.0
Nicotine -5.8
Alcohol -2.8

Discussion

The insignificant reduction in testicular-body ratio observed in
experimental rats in this study may suggest progressive cell
death or morphological changes. The total protein concentration
in the testes of rats given alcohol, tobacco, or cannabis was
unaffected, suggesting that sperm cell testicular protein synthe-
sis was unaffected. Protein synthesis is vital for spermatogonial
stem cell regeneration, sperm maturation, and pattern formation
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Table 2: Oral drug-likeness of the tetrahydrocannabinol, nicotine, and alcohol using Lipinski rule of five filters

Molecular weight (Dalton) LogP Number of HBD Number of HBA Molar refractivity Number of rotatable bonds

Compound

Tetrahydrocannabinol 314.46 1.7903 1
Nicotine 162.23 1.2663 0
Alcohol 46.07 1.3617 1

2 97.91 4
53.13 1
1 12.89

HBD, hydrogen bond donor; HBA, hydrogen bond acceptor.

Table 3: ADMET properties of the tetrahydrocannabinol, nicotine, and alcohol predicted from admetSAR

ADMET Tetrahydrocannabinol Nicotine Alcohol
BBB Yes Yes No

GI absorption High High No
Ames toxicity No No No
Carcinogenicity No No No

Pgp No No No

CYP 2C19 inhibitor Yes No No

CYP 2C9 inhibitor Yes No No

CYP 1A2 inhibitor No No No

CYP 2D6 inhibitor Yes No No

CYP 3A4 inhibitor No No No
Skin permeation —3.27 cm/s —6.46 cm/s —6.64 cm/s

BBB, blood brain barrier; CYP, cytochrome; GI absorption, gastrointestinal absorption; Pgp, permeability glycoprotein.

in transcriptional dynamics [27]. In the seminiferous tubules, the
Sertoli cells also secrete proteins needed for testicular function
[28]. In addition to being an integral part of the sperm cell mem-
brane, lipids have been reported to contribute to the development
of gonad hormones, sperm cell maturation, viability, and the abil-
ity of spermatozoa to penetrate egg cells during fertilization. [29].
However, previous research has found that plasma testosterone
levels are inversely related to plasma cholesterol and triglyceride
levels. According to the findings of this study, alcohol and tobacco
use increased testicular cholesterol and triglyceride levels, which
could be linked to testicular dysfunction [30, 31]. Ramirez et
al. [32] also documented a high incidence of cholesterolemia
and tryglyceridemia in a group of 100 infertile men [33, 34].
Furthermore, Kim et al. [35] also reported that high serum levels
of cholesterol and triglyceride could be linked to poor semen
quality and that a change in lipid metabolism in the seminal
plasma was related to infertility. Cannabis, on the other hand,
did not cause an increase in cholesterol or triglycerides, implying
that cannabis smoking did not alter the testicular lipid status,
which is implicated in male reproductive dysfunction. According
to this present study, the increase in cholesterol and triglycerides
caused by combining cannabis with alcohol and tobacco was
due to the effects of alcohol and tobacco. HMG-CoA reductase
is the rate-limiting enzyme in the biosynthesis of cholesterol.
HMG-CoA/mevalonate ratio activity rises in lockstep with HMG-
CoA/mevalonate ratio activity. The current study discovered an
increase in the enzyme activity, which may be indicative of
increased cholesterol production, with possible resultant infertil-
ity due to lipidemia [36]. Contrary, cannabis and tobacco caused a
decrease in the activity of the enzyme. Furthermore, antioxidant
defense mechanisms, both enzymatic and nonenzymatic, are
well expressed in the testes [37]. The increased SOD and catalase
activity in this study may have been triggered to mop up free
radicals or reactive oxygen species (ROS) generated by alcohol,
tobacco, and cannabis, which are responsible for oxidative stress
[38, 39]. Similarly, the rise in glutathione levels in this study
was also a biochemical response to neutralize lipid peroxidation.
MDA is produced as a result of lipid peroxidation in the cell mem-

brane. MDA level is proportional to the lipid peroxidation in the
plasma membrane. The elevated MDA levels across the treated
groups gave credence to the increased in the activity of antiox-
idant enzymes [40, 41]. Acid phosphatase, a viable marker for
prostate function, is also found in testicular germ cells and plays
a role in spermatocyte maturation [42]. In this research, it was
discovered that tobacco, as well as tobacco combined with alco-
hol and cannabis, reduces the activity of this enzyme. Further-
more, ALP is abundant in the cell membrane on the absorptive or
secretion surfaces of cells and aids in spermatogenesis, interme-
diate carbohydrate metabolism, and testicular hormone synthe-
sis [43]. ALP is a cellular damage biomarker linked to androgenic
activity [44]. The increase in ALP activity caused by alcohol, as
well as co-administration of alcohol with tobacco and cannabis,
may be attributed to either de novo synthesis or leakage from the
degradation of the testicular cell membrane structure. A cross-
section of the experimental rats’ testes revealed morphological
distortion and cell death due to alcohol, tobacco, and/or their
combined use, which matched the biochemical changes. Steroid
activity in the endoplasmic reticulum and mitochondrion of
the Leydig cell is affected by testicular cell distortions or death
[45]. In rats given only cannabis, the histological cell structure
was standard. This may indicate that the chemical compounds
present in marijuana smoke are not cytotoxic to testicular cells.
The high affinity of tetrahydrocannabinol for the active site of
prostate acid phosphate suggests that it may be used to prevent
prostate cancer, and it also suggests that cannabis smoking
alone might not be harmful to testicular function [46] unless
combined with alcohol. Tetrahydrocannabinol follows Lipinski’s
law, and the ADMET prediction indicates that it will be a safe drug
candidate.

Conclusion

The findings of this study suggested that the rats’ male
reproductive system was responsive to the treatment protocols,
implying that the use of the tested substances could alter



important male reproductive functions. It is also worth noting
that testicular biochemical and histopathological changes
caused by alcohol consumption and/or its combined use with
tobacco and cannabis were mainly attributable to oxidative
damage caused by alcohol consumption or tobacco smoking.
Beyond biochemical alterations and observed histopathological
evidence, this study has provided the foundation for further
analysis of the underlying mechanism. Tetrahydrocannabinol
inhibited PAP primarily through hydrophobic interactions and a
network of hydrogen bonds, according to molecular docking. The
compound’s ability to inhibit PAP made it a possible drug design
candidate.
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