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ABSTRACT

OBJECTIVES: In recent years, smoking water pipes or hookah has increased among adolescents in most countries. Although there is evi-
dence in support of the negative effects of this type of smoking on human health, such as the increased risk of lung disease, little is known
about the potential effects of hookah smoking on the male reproductive system, especially on the molecular aspects of sperm.

PATIENTS AND METHODS: This cross-sectional study examined sperm DNA fragmentation index, protamine 1 and 2 (PRM1 and PRM?2)
genes expression, and oxidant status in normozoospermic hookah smokers in comparison with non-smoker controls.

RESULTS: Our results showed significantly higher rates of DNA fragmentation, protamine deficiency, and abnormal chromatin condensa-
tion in the spermatozoa of hookah smokers (P<.0001). Also, protamine gene expression showed a remarkable decrease in hookah smokers
(1.55+2.54 and 0.33 = 0.54) compared to the controls (3.49 =5.41 and 1.22 = 1.96), although the reduction was not statistically significant
(P=.155 and P=.066, respectively). Moreover, a significantly higher level of semen MDA was observed in the case group compared to the
controls (0.39 = 1.04 vs 0.15=0.21; P=.013).

CONCLUSION: According to our study, although hookah smoking does not have a significant effect on sperm parameters, it may have del-

eterious effects on DNA integrity, oxidative status, and nuclear protein levels of spermatozoa.
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Introduction

Hookah or water pipe smoking (WPS) is a traditional method
of tobacco consumption that emerged in India in the 16th cen-
tury. WPS later became customary in the Middle East and the
appearance of the instrument changed over time.! During
2009 to 2010 and 2013 to 2014, the prevalence of past-30-days
WPS among adolescents (aged 18-24years) increased from
7.8% to 18.2% and lifetime hookah use increased from 28.6%
to 44.4%.23 According to a systematic review of 76 articles on
hookah smoking in Iran, 28.78% of participants reported total
lifetime hookah use, 20.84% reported hookah use in the last

year, and 16.36% in the last month.* Despite the large body of
evidence on the negative effects of WPS on human health,
including a higher risk of lung diseases,” little is known about
the potential adverse effects of hookah use on the male repro-
ductive tract. Albeitawi et al® investigated the effect of hookah
smoking on the sperm parameters of 104 patients referred for
in-vitro fertilization but did not find any significant changes in
the sperm parameters of hookah users compared to those in the
control group.

Sperm DNA integrity is required for the precise transmis-
sion of genetic information to the embryo. Research findings
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have revealed that sperm chromatin abnormalities or DNA
damage are probable causes of male infertility due to cigarette
smoking.” Smoking and oxidative stress have been identified as
important extrinsic factors involved in the pathogenesis of
DNA fragmentation in human spermatozoa. The high levels
of free radicals present in cigarette smoke promote the produc-
tion of Reactive Oxygen Species (ROS) in the seminal plasma,
leading to oxidative stress (OS).8 It seems that it is necessary to
pay attention to the man’s lifestyle’ (such as smoking Hookah)
and examine the DNA structure of the sperm in the treatment
of couples’ infertility with a normal sperm analysis.

Protamine 1 (PRM1) and protamine 2 (PRM2) are consid-
ered the most important genes in the production of nucleopro-
teins during the maturation of spermatozoa.!® In the process of
spermatogenesis, histones are first replaced by Transition
Nuclear Proteins (TNPs), and subsequently, the TNPs are
replaced by PRM1 and PRM?2 in elongated spermatids.!!
Evidence indicates a correlation between PRM1I1 and PRM2
expression levels, sperm DNA fragmentation (SDF) levels, and
male infertility issues.’ To our knowledge, although there are
limited studies with conflicting results about the effect of
Hookah on sperm structure®!314 and the possible adverse
effects of WPS on the expression profile of these genes as well
as DNA damage are not yet investigated specifically in men
partner of infertile couples with normal sperm parameters.
This cross-sectional study was therefore conducted to examine
the possible harmful effects of WPS on sperm DNA fragmen-
tation, PRM1 and PRM?2 gene expression, and oxidant status
in 2 groups—smokers and non-smokers.

Patients and Methods

Data collection

This study was approved by the ethics committee of Yazd
Reproductive  Sciences Institute with code IR.SSU.
MEDICINE.REC.1398.297. Informed consent was obtained
from the participants before beginning the study. Sixty-two eli-
gible male partners of infertile couples with female factor
infertility referred to Yazd Reproductive Sciences Research
Institute for diagnosis and treatment from April 2020 until
November 2021, were included in this cross-sectional study.
They divided into 2 groups of men, including hookah smokers
as the case group (n=32) and non-smokers men as the control
group (N=30).2> According to the pilot carried out to check
the data dispersion in the case and control, the §7=6.02, the
§2=8.11, and 4=5.51 was obtained. Considering the type 1
error was equal to 5% and the power of 80%, the sample size
was set at 28.36.
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The inclusion criteria for the case group consisted of normal

n=

sperm parameters, using a hooker minimum of 3 times per week
for at least 30 to 45 minutes each time, and age 25 to 40years.

The inclusion criteria for the control group consisted of age
under 40years, normal sperm parameters, and no history of
hookah smoking.1% The exclusion criteria for both groups were
patients having a history of chronic diseases (eg, hypertension,
diabetes, and varicocele), history of urogenital infections, heavy
cigarette smoking, alcohol consumption, using a specific medi-
cation, drug addiction, and abnormal sperm parameters based
on the WHO reference criteria in 2010 and age over 40years
(study design of this study was semantically shown in Figure 1).

Specimen collection. First, all the specimens were taken by
masturbation after 2 to 7 days of abstinence. Following semen
liquefaction, at 37°C, the analysis of each sample was carried
out based on the WHO guidelines (2010) for basic sperm
parameters.!” The parameters were considered normal when
semen volume was =1.5 mL, sperm morphology =4%, sperm
concentration =15million/mL, and total sperm motility
=40%. After sperm analysis, the semen samples were smeared
for aniline blue, toluidine blue (TB), Chromomycin A3
(CMA3), and sperm chromatin dispersion (SCD) tests. The
remaining semen samples were used for further evaluation.
Each sperm sample was separated from seminal plasma by
centrifugation at 1800g for 10 minutes. The supernatant was
applied for the measurement of Malondialdehyde (MDA) in
seminal plasma. The spermatozoa pellets were re-suspended
in a phosphate-buffered saline (PBS) due to remove the

residual seminal plasma for molecular assessments.

Sperm chromatin/DINA assessments

Aniline blue staining. Aniline blue staining was applied to
distinguish the immature sperm cells with abnormal chroma-
tin condensation from the mature ones. Briefly, each sperm
smear was dried at Room Temperature (RT), then fixed in 4%
formalin!81? for 5 minutes at RT, and was then rinsed in water
and stained by 5% aniline blue (Merk, Germany) in 4% acetic
acid solution for 10 minutes. After final rinsing and air drying
of the slide, 200 spermatozoa were counted in several fields
under light microscopy at 1000X magnification. Immature
sperm was identified by dark blue color, while mature sperm
remained unstained. The ratio of dark-blue spermatozoa to
the total number of counted sperm was taken as immature
sperm with poor chromatin condensation.

Toluidine blue staining. To evaluate the sperm chromatin
structure, TB staining was performed.?’ Air-dried smears
were fixed in fresh 96% ethanol-acetone (1:1) at 4°C for
1hour. Thereafter, they were hydrolyzed in 0.1 N HCl at 4°C
for 5minutes following the air-drying stage. Afterward, the
slides were washed 3 times in distilled water for 2 minutes
and lastly stained with 0.05% TB in 50% Mcllvaine citrate
phosphate buffer with a pH of 3.5 for 5 minutes at RT. The
slides were shortly rinsed in distilled water. Using optical
microscopy with 1000X magnification, 200 spermatozoa
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Figure 1. Schematic diagram of study design and methodology.

were counted in various fields of view for each slide. Sperma-
tozoa with intact chromatin were light blue, while those with
poor chromatin integrity could be seen in dark blue (or pur-
ple). The percentage of sperm cells with abnormal chromatin
structure was determined in each sample.

Chromomycin A3 staining. The fluorescent dye chromomycin
A3 (CMA3) competes with the protamine molecule to bind to
the minor grooves of DNA. As such, it indicates the level of
protamine deficiency in the chromatin structure indirectly.?!

The sperms with defective protamination were stained by
CMAS3, appearing as bright yellow following evaluation by
fluorescent microscopy. Briefly, the dried smear of the sperm
cell slides was fixed in Carnoy’s fixative (methanol and glacial
acid at a ratio of 1: 3) and stored in the refrigerator for 10 min-
utes. Then, 100puL of CMA3 solution (Sigma, USA) was
added to each fixed slide and kept in a dark room for 10 min-
utes. The slides were washed twice with Mcllvaine buffer. The
slides were mounted with DPX and examined with a fluores-
cence microscope with a 460-460-nm filter at 1000X
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Table 1. Primer sequences.

GENE PRIMER SEQUENCE (5”-3”)
PRM1 Forward—AGAGCCGGAGCAGATATTACC

Reverse—TCTACATCGCGGTCTGTACCT

PRM?2 Forward—ATCCACAGGCGGCAGCATC
Reverse—TTCCAGCTGGGGGTGAGGGG
B2M F-AGATGAGTATGCCTGCCGTG

R-TGCGGCATCTTCAAACCTC

Abbreviations: B2M, beta-2-microglobulin; PRDX2, Protamine 2; PRM1, Protamine 1.

magnification (Olympus BX5, Japan). By counting 200 sperms,
the percentage of bright yellow sperms (CMA3+) and non-

luminous sperms (CMA3-) was determined in each sample.

Sperm chromatin dispersion test. 'To investigate the level of
DNA fragmentation of spermatozoa, the SCD test was admin-
istered by a commercial kit obtained from the Ideh Varzan
Farda Company. Briefly, 50 pLL of sperm suspension was mixed
with low-melting agarose. Then, 20pL of the mixture was
placed on a pre-coated glass slide, and the droplet was spread
with a coverslip. Each slide was kept at 4°C for 5 minutes. After
removing the coverslip, staining was performed according to
the manufacturer’s instructions. Then, 200 spermatozoa were
analyzed at a magnification of X1000 by light microscopy.
Based on the size of halo dispersion, SDF was taken as intact
sperm DNA if a big halo was present, moderate DNA frag-
mentation when a medium halo was seen, and high DNA frag-
mentation when no halo was seen.

Measurement of the oxidant capacity of seminal
plasma

The oxidant status of seminal plasma was determined sepa-
rately using a commercial MDA kit (Teb Pazhouhan Razi Co.)
based on enzyme-linked immunosorbent assay (ELISA). The
mean concentration of spermatozoa used in this study was
10X 10°/0.2mL. The lipid peroxidation seminal plasma was
evaluated using the reaction of Thiobarbituric Acid (TBA)
with MDA as suggested by Yagi.'# The MDA concentration
was assessed using an Epoch microplate spectrophotometer
(excitation 535 nm, emission 553 nm). The MDA fluorescence
intensity of seminal plasma was assessed by various concentra-
tions of Tetracthoxypropane as the standard. The data were
presented as nmol MDA/mL of seminal plasma.

Gene expressian assessment

To synthesize complementary DNA (¢cDNA) and extract
total RNA from all the sperm samples, special kits were used
based on the manufacturers’ instructions. The purity and
concentration of the extracted RNAs were calculated by a

SEQUENCE AMPLIFIED PRODUCT SIZE
NM_002761.2 119bp
NM_002762.3 144 bp
NM_004048.2 106 bp

spectrophotometer and the ratio of absorbance values
obtained were 260/280 and 260nm (PhotoBiometer,
Eppendorf, Germany). The ¢cDNA was synthesized from
1pg of RNA utilizing RevertAid First Strand c¢cDNA
Synthesis Kit (Pars Tous Biotechnology, Iran) and the prod-
uct was kept at -20°C. The relative gene expression levels
were evaluated by a quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR) (Applied Biosystems, CA,
USA) and SYBR Green PCR Master Mix. cDNA (2 L),
forward primer (1 pL), reverse primer (1 pL), the master mix
(10uL), and 6 pL. nuclease-free water was utilized for each
reaction with the final volume adjusted to a total of 20 pL.
All the reactions were duplicated. The qRT-PCR protocol
was as follows: 10 minutes at 95°C, followed by 40 cycles of
amplification at 95°C for 15seconds, 60°C for 30seconds,
and 72°C for 30 seconds. A melting curve stage was run after
the cycling stage. Serum B-2 Microglobulin (B2M) was uti-
lized as the reference gene. Table 1 summarizes the oligonu-
cleotide primers used for all the genes. To analyze the relative
expressions of each gene, the 2- AACt technique was
employed. The mean CT value of the reference gene was cal-
culated for the gene expression analysis as well.

Statistical analysis

Statistical analyses were done using SPSS version 20
(Chicago, 1L, USA). All numerical values were shown as
mean & SD. Statistical significance was assessed using an
independent student #test for the normally-distributed vari-
ables. Mann-Whitney test was used for the variables without
normal distribution. The normality distribution was tested
using the Kolmogorov-Smirnov test. The categorical varia-
bles were analyzed using the Chi-square test. The sample size
was set according to the aforementioned formula and based
on similar studies.’522 P< .05 was taken as the level of statis-
tical significance.

Results

Out of 100 couples referred with female factor infertility
within the timeframe of sample collection, 62 participants
were finally chosen and they were categorized into the cases
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Table 2. Frequency distribution of education level and occupation in the study groups.

CONTROL (N=30)

VARIABLES CASE (N=32)
Education
Academic degree 5 (15.63)
Non-academic degree 27 (84.37)
Occupation
Driver 4 (12.5)
Employee 11 (34.37)
Employer 17 (53.13)

Table 3. Comparison of patients’ characteristics and semen analysis between 2 groups.

VARIABLES CASE

Age (year) 31.53+4.85
BMI (kg/m2) 2571475
Volume (mL) 2.81+1.11

Sperm concentration (X108/mL) 40.5+22.64

Total sperm number 117.37 = 84.91

Progressive motility (%) 35+17.20
Non-progressive motility (%) 11.97 +3.27
Immotile sperm (%) 54.34+15.37
Total motility (%) 46.96 = 17.73
Normal morphology (%) 4.88+1.21

Abbreviation: BMI, body mass index.

10 (33.3) 10
20 (66.7)

2 (6.67) 71
10 (33.3)
18 (60.03)

CONTROL P-VALUE
33.57 +4.32 09
26.05 +4.01 77

3.32+1.83 19
45.2+36.77 .54
132.40 = 107.08 -54
36.6 = 11.19 67
11.5+3.24 .57
51.67 +9.86 42
48.1+9.90 76
5.3+1.48 22

Data were presented as Mean = SD as well as a percentage (%) by using a student t-test. The P-value <.05 was considered to indicate statistical significance.

(N'=32) and the controls (N =30) based on the eligibility cri-
teria, and the other participants were excluded due to lack of
inclusion criteria. The mean age and BMI in the 2 groups did
not differ significantly from each other. The participants were
homogenous in terms of occupation and education (Table 2).
Based on our results, the majority of the participants did not
have an academic degree in the control and case groups (84.4%
vs 66.7%, respectively). As expected, the sperm parameters
including concentration, volume, total motility, and normal
morphology were not different between groups (Table 3).
Despite the slightly lower sperm concentration, volume, total
motility, and normal morphology in the hookah smokers
compared to the controls, these differences between the
groups were not statistically significant (P> .05). As shown in
Table 4, higher rates of spermatozoa with SDF and chromatin
abnormalities were seen based on the CMA3, AB, TB, and
SCD staining methods (P<.0001). Furthermore, although
the PRM]1 expression and ratio of PRM1 to PRM2 showed a

Table 4. Comparison of sperm DNA fragmentation status between the
study groups.

VARIABLES (07:51 CONTROL P-VALUE
CMA3(+) 70.22+9.76 25.37 =10.51 <.0001
SCD(+) 38.75+£9.66 28.07£5.25 <.0001
AB(+) 42.10=9.43 30.67 =6.86 <.0001
TB(+) 49.61+£5.23 41.47 +5.30 <.0001

Abbreviations: AB, aniline blue; CMA3, Chromomycin A3; SCD, sperm chromatin
dispersion; TB, toluidine blue.

Data were presented as Mean = SD by using student t-test and Mann-Whitney
test. The P-value <.05 was considered to indicate statistical significance.

remarkable down-regulation in the spermatozoa of hookah
smokers (1.55 *2.54 and 0.33 = 0.54) compared to the con-
trols (3.49 = 5.41 and 1.22 * 1.96), this reduction was not sta-
tistically significant (P=.25) (Figure 2). Finally, as can be



Substance Abuse: Research and Treatment

>

0O

20+ B 12=
__ 18- — s
- o - o 54
10
2 161 z s
= 14 = E
s S 8- g 47
7] i » =
g 12 g S
5 5 3
X 10= x 6= 9 3=
w w -
2 8- 2 5
o ) w
(] O 4= 2 24
g 67 $ 2
= = o
£ 4+ 8 @ "
) - 2 -
2 g 2 £
2+ [}
4
0- 0 i 0~
Case Control Case Control Case Control

Figure 2. Comparison of gene expression profile between 2 study groups. The relative gene expression levels PRM1 (a), PRM2 (a) and PRM1/PRM2 (c)
of each target gene were presented as Mean + SD. P <.05 was considered a significant value. Mann—Whitney test was applied to compare differences
between groups. There was no significant change between case and control groups regarding PRM1, and PRM2 (P > .05). PRM1: Protamine 1, PRM2:
Protamine 2, Case: normozoospermic hookah smokers, Control: non-smoker normozoospermic men.
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Figure 3. Comparison of oxidant status between 2 study groups. Data
were presented as Mean = SD by using Mann—-Whitney test. MDA:
malondialdehyde. The P-value <.05 was considered to indicate statistical
significance.

observed in Figure 3, a significantly higher rate of semen
MDA level was seen in the case group compared to the con-
trols (0.39 = 1.04 vs 0.15 +0.21, P=.031).

Discussion

Recently, water pipe smoking (WPS) has become one of the
most important health threats in people of reproductive ages,
especially in Iran, Turkey, and Arab countries with high WPS
prevalence?3?4 and has been demonstrated that WPS has more
devastating effects than cigarettes due to longer duration of
puffing (30-90 minutes/session), greater inhaled smoke, pres-
ence of flavors, and the social setting of the vaping session.?>-2¢
However, most hookah users also smoke cigarettes.

The findings have shown that tobacco and water pipe users
are exposed to high toxicant loads because many of them are
unaware of the associated toxicant load and consider WPS a
safe alternative to cigarette smoking.?” Meanwhile, in a single
hookah smoking session, which typically lasts 45minutes,
hookah users get exposed to 3 to 9 times more carbon monox-
ide (CO) and 1.7 times more nicotine than cigarette smokers.?
Therefore, to homogenize the samples and minimize any
biases, we enrolled only individuals with a history of hookah
use who smoked hookah at least 3 times a week, each session
lasting 30 to 45 minutes.

In a previous study, the impact of tobacco smoking on
semen quality has been systematically studied through the
comparison of semen parameters between smokers and non-
smokers. Concerning clinical outcomes, the study concluded
that tobacco smoking leads to a lower sperm concentration
and an increase in the number of morphological defects of
spermatozoa. Nevertheless, the pH and motility of spermato-
zoa as well as the production of hormones involved in repro-
duction were not influenced in the infertile men studied.?’
Despite a large number of studies on the negative effects of
cigarette smoking,?-31 there is little research evaluating the
influence of hookah smoking on semen quality. In a recent
study published in 2020, Albeitawi et al investigated the effect
of WPS on sperm parameters in 54 hookah smokers and 50
non-hookah smokers. They demonstrated no statistically sig-
nificant difference between the 2 groups regarding sperm
parameters,® which is following the present findings; however,
it should be noted that factors such as age, amount and dura-
tion of hookah use, and genetic heredity may alter the results.

The production of small amounts of ROS in semen is a nor-
mal physiological process but an imbalance between ROS gen-
eration and scavenging antioxidants is detrimental to the
sperm, which is also associated with male infertility.323% A
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recent literature review suggests that WPS can cause oxidative
stress accompanied by several pathological conditions.3* The
present study showed a significantly higher oxidant by-product
(MDAT) in the seminal plasma of the case group than that in
the controls. Based on research literature, it can be concluded
that WPS increases ROS generation and exposes smokers to
high levels of potentially toxic free radicals.3*3* The data of
recent studies indicate that long-term hookah use not only
increases MDA levels and causes SDF and sperm parameter
abnormalities,’ but it also has mutagenic effects.”

The comparison of SDF between our study groups demon-
strated that WPS has a significant detrimental effect on chro-
matin/DNA integrity concerning DNA breakage, protamine
content, and chromatin condensation (Table 3). Evaluation of
sperm DNA damage is known as one of the most important
sperm function tests for the detection of paternal genome
integrity. Sperm DNA precision is required for a successful
pregnancy and lives birth either during natural or assisted
reproduction.®® Accordingly, reducing the risk factors of sperm
DNA damage can be practical as one of the major options for
managing male infertility.3’ The findings of a newly published
study on the impact of cigarette, hookah, and mixed smoking
on sperm DNA fragmentation based on urinary samples
among 60 men from Saudi Arabia showed a significantly ele-
vated DNA fragmentation rate in all cigarette, hookah, and
mixed smokers compared to the controls.*> Despite the differ-
ences in the type of samples and study design, the results of our
study were in line with the aforementioned study, suggesting
the destructive role of any type of tobacco smoking on DNA
apart from its tissue sources in the human body. It should be
noted, however, that we used the SCD test in our study to eval-
uate SDF. The SCD assay is considered a reliable and inexpen-
sive test and there is also a positive relationship between its
results and the TUNEL assay as a standard laboratory test for
detecting SDF abnormalities.*! The main step in sperm nuclear
chromatin packaging is the process of histone/protamine
replacement, and it has been reported that any protamine alter-
ations may lead to idiopathic male infertility.*> Smoking can
cause abnormalities in histone-to-protamine transition and
may alter P1/P2
Additionally, in comparison with non-smokers, the smokers
had an elevated percentage of spermatozoa with a higher his-
tone (H2B) to protamine ratio, causing alterations in the sperm

expression  in human spermatozoa.

chromatin structure during the process of spermiogenesis, and
subsequently reducing fertility.*> The possible mechanism of
hookah consumption on sperm DNA according to the results
of this study and aforementioned studies®®*3 may be supported
by affecting histone replacement with protamine in the process
of spermatogenesis due to the protamine expression alterna-
tions, resulting in uncompleted sperm chromatin packaging
and chromatin instability, and increasing the sperm DNA
damage. Moreover, the increase in ROS production, such as

MDA by-product, due to the use of hookah could induce the
apoptosis pathway during spermatogenesis and may hurt the
male fertility potential.

To the best of our knowledge, no research was available
showing the influence of WPS on transcript levels of sperm
nuclear proteins, such as protamine. Nonetheless, the findings
of a newly published study on the sperm samples of 43 non-
smokers and 98 heavy cigarette smokers undergoing ICSI
showed a significant negative effect of tobacco smoking on the
gene expression of H2BFWT, TNP1, TNP2, PRMI, and
PRM?2, and the P1/P2 mRNA ratio. These variations subse-
quently led to sperm quality impairment.* In our study, mnRNA
levels of PRMs were different between the samples obtained
from the cases and controls, but the expression ratio of PRM1
to PRM2 did not follow the direct pattern. Although the dif-
ference was not statistically significant, it might have been sig-
nificant if our sample size was larger. It should be noted that, in
our study, the selection of participants and samples who could
meet all the eligibility criteria was rendered difficult by the
COVID-19 pandemic, given the limited access to humans
during this time. Also, our current sample size has been deter-
mined based on some other studies on this subject.’” A larger
sample size is therefore required to reach more reliable and
reproducible diagnostic results in further studies.

Conclusion

According to our study, hookah smoking may have destructive
effects on the molecular markers of sperm cells rather than alter-
ing sperm parameters. It seems that WPS could have deleterious
effects on chromatin/DNA integrity by increasing SDF and lev-
els of oxidant markers as the most important factors involved in
oxidative stress-induced male infertility. In addition, hookah
smoking may cause different expression patterns of protamine
genes, leading to an imbalance in PRIM1/PRIM2 ratio as the
main causative factor in chromatin/DNA damage. To achieve
efficient urological diagnosis/treatment, specifically in the male
partner of infertile couples with normal sperm parameters, it is
necessary to pay attention to their lifestyle and DNA structure
and function of sperm, resulting in ART success.
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