Inflammopharmacology (2020) 28:939-948

https://doi.org/10.1007/510787-019-00650-0 Inflammopharmacology
ORIGINAL ARTICLE q
Check for
updates

Nicotine-induced oxidative stress, testis injury, AChE inhibition
and brain damage alleviated by Mentha spicata

Anouar Ben Saad' - Ilhem Rjeibi' - Noura Brahmi? - Elimame Elaloui’ - Nacim Zouari3

Received: 27 September 2019 / Accepted: 30 September 2019 / Published online: 23 October 2019
© Springer Nature Switzerland AG 2019

Abstract

Nicotine mediates some of the injurious effects caused by consuming tobacco products. The aim of this work is to investigate
the protective effects of Mentha spicata extract (ME) supplementation on the testis and brain of nicotine-induced oxidative
damage rats. ME extract showed interesting hydrogen peroxide-scavenging activity. HPLC-DAD analysis of ME revealed
the presence of nine compounds among them gallic acid was the major one (165.44 ug/g ME). Thirty-two rats were ran-
domly divided into four groups: control, a nicotine-treated group (1 mg/kg i.p.), a group receiving ME (100 mg/kg), and a
group receiving both ME (100 mg/kg) and nicotine (1 mg/kg). After 2 months of treatment, the in vivo results showed that
nicotine exhibited an increase in the body, brain, testis and accessory sex organ weights, sperm count and sperm motility. In
addition, exposure to nicotine significantly (p <0.01) increased acetylcholinesterase level (AChE) in brain, lipid peroxida-
tion level in brain and testis as compared to control group. The antioxidant enzymes results showed that nicotine treatment
induced a significant decrease (p <0.01) in brain and testis antioxidant enzymes such as catalase, superoxide dismutase and
glutathione peroxidase as compared to control group. Interestingly, pretreatment with ME significantly (p <0.01) restored
the majority of these biological parameters to normal levels, as well as a histological improvement. Obtained results suggest
that ME contains promising substances that counteract the nicotine-intoxication and can be efficient in the prevention of
brain and testis toxicity complications.
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Introduction

Nicotine, the primary addictive component of cigarette
smoke, is rapidly absorbed by the mucosal lining of the res-
piratory tract and the lungs and it can rapidly reach peak
levels in the bloodstream and brain (Motaghinejad et al.
2017; Mosbah et al. 2015). Besides its pharmacodynamics
activities, nicotine is the main toxic component of cigarette
smoking, with genotoxic, immunotoxic as well as reproduc-
tive effects in both sexes; it plays a detrimental role in the
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development of cardiovascular diseases, and respiratory and
digestive tract cancers (Polyzos et al. 2009; Nacerai et al.
2017). Previous in vivo studies have shown that chronic use
of nicotine disrupts the balance between the prooxidants and
antioxidants in the circulation of experimental rats (Mot-
aghinejad et al. 2017). Nicotine triggers the production of
free radicals and reactive oxygen species (ROS), which over-
whelm the antioxidative defence system and eventually gen-
erate oxidative stress (Mosbah et al. 2015; Ben Saad et al.
2017).

Recently, antioxidants and especially natural ones have
attracted much interest with respect to their protective effect
against free radical damage that may be the cause of many
diseases including cancer (Vaqar and Hasan 2007). Several
results from human experiments and animal reveal that
some natural antioxidants such as polyphenols, flavonoids,
lipoic acid and ascorbic acid could act as potent antioxidants
in vivo (Yamamura et al. 2008). Recent studies have deter-
mined these secondary metabolites of plants that are well
known for their beneficial properties by acting as protective
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agents against oxidative stress in liver (Akdogan et al. 2004;
Ben Saad et al. 2017), kidney (Akdogan et al. 2003), eryth-
rocytes and brain disorders (Avram et al. 2017; Ben Saad
et al. 2017).

Mentha spicata L., also known as spearmint that belongs
to the Lamiaceae family is distributed across the Europe,
Africa, Australia, and North America. It is commonly used
in culinary preparations to add flavor and aroma (Choudhury
et al. 2006). Mint oil is widely used in pharmaceutical, cos-
metic, food, confectionary and beverage industries (Kanatt
et al. 2007).

Its leaves are well known as source of bioactive com-
pounds and have been used since ancient times and for
centuries in folk medicine. The plant is widely used in tra-
ditional medicine for treatment of many gastrointestinal
disorders such as diarrhea, abdominal pain, gut spasm (EI-
Badry et al. 2010; Shah et al. 2010) and respiratory disorders
such as cough, cold, and influenza (Naghibi et al. 2009). In
addition, M. spicata is also known for its insecticidal, antino-
ciceptive, antimicrobial, anti-inflammatory and antiplatelet
properties (Ozgen et al. 2006; Mogosan et al. 2017).

The objective of the present study was to evaluate the
in vitro and the in vivo antioxidant properties of M. spicata
extract against nicotine-induced oxidative damage in brain
and kidney of rats.

Materials and methods
Plant materials

The aerial parts of M. spicata L. were collected in March
from Gafsa (Tunisia). The plant was identified and authen-
ticated by a taxonomist and a voucher specimen is deposited
at the Faculty of Sciences of Gafsa (Gafsa, Tunisia) under
the number MS 0315.

M. spicata extract preparation

The air-dried plant material was extracted by maceration in
water (10 g/100 ml) at ambient temperature for 24 h with
continuous stirring. After that, the extract was filtrated with
Whatmann Millipore filter paper and concentrated to dry-
ness with a rotary evaporator at 40 °C. Finally, the M. spi-
cata aqueous extract (ME) was kept in the dark at 4 °C until
further analysis.

Antioxidant activity of ME in vitro
Hydrogen peroxide (H,0,) scavenging assay

Hydrogen peroxide scavenging activity of ME was deter-
mined according to the method reported by Liu et al. (2010).
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Butylated hydroxytoluene (BHT) was used as positive con-
trol. The H,O, scavenging activity was calculated according
to the formula below:

H,0, scavenging activity (% ) = [1 — (A1-A2)/A0] x 100.

where, A1l is the absorbance of the sample, A2 is the absorb-
ance of the sample only (water instead of H,0O, solution)
and AOQ is the absorbance of the control (water instead of
sample).

Reducing power determination

The reducing power of ME was determined by the method
of Yildirim et al. (2001). Sample solutions (0.5 ml) contain-
ing different concentrations of dried extract (0.1-1.1 mg/ml)
were mixed with 1.25 ml of 0.2 M phosphate buffer (pH 6.6)
and 1.25 ml of 10 g/l potassium ferricyanide solution. The
mixtures were incubated for 30 min at 50 °C. After incuba-
tion, 1.25 ml of 100 g/l TCA was added and the reaction
mixtures were centrifuged for 10 min at 3000g. A 1.25 ml
aliquot of the supernatant from each sample mixture was
mixed with 1.25 ml of distilled water and 0.25 ml of 1.0 g/l
ferric chloride solution in a test tube. After a 10 min reac-
tion time, the absorbance was measured at 700 nm. Higher
absorbance of the reaction mixture indicated higher reduc-
ing power. The control was conducted in the same manner,
except that distilled water was used instead of sample. Val-
ues presented are the mean of triplicate analyses.

High-performance liquid chromatography (HPLC) analysis

Mentha spicata extract analyses were performed in
HPLC-DAD with a Varian ProStar HPLC System (Varian
330/Vis Detector and Varian 230 SDM). A reverse phase
chromatography performed under gradient conditions with
C18 column (4.6 mm X 250 mm) was used. Solvent A: ace-
tic acid at 2% in water and solvent B: 40% acetonitrile, 2%
acetic acid, and 58% water. The gradient was composed of
0-80% B for 25 min, 80-100% B for 10 min and 100-0%
B for 5 min. The extract was utilized in the concentration
of 1 mg/ml. The flow rate was 0.8 ml/min and the volume
injected was 40 pl. The detected compounds were identified
by comparison with authentic standards injected under the
same conditions and the use of DAD spectra (200-600 nm).

Rat sources

Adult male Wistar rats weighing 140-150 g were obtained
from Central Pharmacy of Tunisia (SIPHAT, Tunisia).The
animals were handled under standard laboratory conditions
of a 12-h light/dark cycle in a temperature- and humidity-
controlled room. The rats were fed with a commercial
balanced diet (SICO, Sfax, Tunisia) and drinking water
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was offered ad libitum. The handling of the animals was
approved by the Medical Ethics Committee for the Care and
Use of Laboratory Animals of the Pasteur Institute of Tunis
(approval number: FST/LNFP/Pro 152012) and carried out
according to the European convention for the protection of
living animals used in scientific investigations (Council of
European Communities 1986).

Experimental protocols

1 week after acclimatization to laboratory conditions, the
rats were randomly divided into four groups of eight animals
each.

Group C Control rats were injected intraperitoneally (i.p.)
with distilled water (0.5 ml/100 g of b.w./day).

Group NT Injected i.p. with nicotine in aqueous solution
with 1 mg/kg b.w./day for 30 days.

Group ME Rats administrated by gastric gavage the M.
spicata extract (ME) at 100 mg/kg b.w./day for 60 days and
then injected i.p. with distilled water (0.5 ml/100 g b.w./
day) during the last 30 days of ME treatment (Ben Saad
et al. 2018).

Group NT+ ME Rats given by gastric gavage the ME at
100 mg/kg b.w./day for 60 days and then injected i.p. with
nicotine at a dose 1 mg/kg b.w./day during the last 30 days
of ME treatment.

The experimental protocol was approved by the Ethics
Committee in Research and all efforts were made to mini-
mize animal suffering and reduce the number of animals
used. After treatment, the animals were sacrificed by decapi-
tation under ether inhalation anesthesia to minimize the han-
dling stress. The blood serum was obtained by centrifugation
(1500 rpm, 15 min, 4 °C) and stored at — 80 °C until use for
biochemical determination.

Tissue preparation

During the treatment period, the body weight of the ani-
mals was monitored daily. On the day of sacrifice, testes
and accessory sex organs (seminal vesicle and epididymis)
were dissected out, trimmed off the attached tissues, and
weighed. Brain and testis were cut into small pieces and
immersed into a 2-ml ice-cold lysis buffer (TBS, pH 7.4);
the mixtures were homogenized on ice using an ultra-turraks
homogenizer for 15 min and then filtered and centrifuged
(5000 rpm, 30 min, 4 °C). Supernatants were collected and
stored at — 80 °C until use.

Sperm count and motility
Assessment of sperm count and motility estimation was

performed according to Freund and Carol (1964). The two
cauda epididymis from each rat was placed in 2 ml of Earles

buffer at 37 °C. Sperm count and motility were examined
using Malassez cells (CML, Nemours, France) and a light
microscope (Olympus BX51, Tokyo, Japan). The count was
repeated six times for each sample to minimize error.

Determination of acetylcholinesterase activity
in brain

Acetylcholinesterase (AChE) activity was measured imme-
diately in brain according to the method of Ellman et al.
(1961) using acetylthiocholine iodide as a substrate. The
reaction mixture was composed as follows: phosphate buffer
(0.1 M; pH 8) and 0.01 M DTNB. The hydrolysis rate of
acetylthiocholine iodide is measured at 412 nm through the
release of the thiol compound which, when reacted with
DTNB, produced the colour-forming compound DTNB. The
reaction was initiated by adding 0.075 M acetylthiocholine
iodide. Activities were expressed as micromole of substrate/
min/mg protein.

Lipid peroxidation determination

Lipid peroxidation in the tissue was estimated colorimetri-
cally by measuring thiobarbituric acid reactive substances
(TBARS) which were expressed in terms of malondialde-
hyde content according to the method of Buege and Aust
(1978). Briefly, aliquots of kidney homogenates were
mixed with 1 ml of 5% TCA and centrifuged at 4000xg for
10 min. One ml of thiobarbituric acid reagent (TBA 0.67%)
was added to 500 ml of supernatant and heated at 95 °C for
15 min. The mixture was then cooled and was measured for
absorbance at 532 nm. TBARS values were expressed as
nanomoles of MDA per millilitre.

Assay of antioxidant enzymes

Catalase (CAT) was assayed by the decomposition of hydro-
gen peroxide according to the method of Aebi (1984). The
decrease in absorbance due to H,0, degradations was mon-
itored at 240 nm for 1 min and the enzyme activity was
expressed as pumol H,0, consumed/min/mg protein.

Superoxide dismutase (SOD) activity was determined
by spectrophotometer absorbance at 580 nm following the
technique published by Beyer and Fridovich (1987) which
involves inhibition of nitrobluetetrazolium reduction. SOD
activity was expressed as units per milligram of protein. One
unit of activity was considered as the amount of protein that
gives half-maximal inhibition. SOD activity as expressed as
U/mg of protein.

The glutathione peroxidase (GPx) activity was measured
according to Flohé and Gunzler (1984). The enzyme activity
was expressed as nmoles of GSH oxidized/min/mg protein.
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Protein quantification

Protein content was evaluated as described by Lowry
and Rosenbrough (1951) using bovine serum albumin as
standard.

Histopathological studies

Testis and brain sections fixed in formalin solution were
washed with distilled water and treated by a series of alco-
hol baths and embedded in paraffin. Next, they were cut
at 4—6 um thickness, stained with hematoxylin—eosin and
observed under a microscope.

Table 1 Composition of flavonoids and phenolic acids of the extract
of M. spicata

Statistical analysis

Data are expressed as mean + standard error of mean (SEM).
Data were compared using one way analysis of variance fol-
lowed by Student’s ¢ test to compare means between the
different treatment groups. Differences were considered sta-
tistically significant at p <0.05.

Results

HPLC analysis of phenolic compounds and biological
properties

The identification and quantification of the bioactive com-
pounds are summarized in Table 1. Six flavonoids and
three phenolic acids were found in the extract of M. spicata
(Figs. 1, 2). Gallic acid (165.44 pg/g) was the major phe-
nolic acid in the ME followed by vanillic acid (120.40 pg/g)
and coumaric acid (23.14 pg/g). The highest levels of fla-
vonoids were obtained for quercetin (145.03 pg/g), rutin
(102.43 pg/g), catechin (99.23 pg/g), Apigenin (87.91 pg/g).

Determination of antioxidant activity of M. spicata
extract

Based on the reducing power assay, it was observed that ME
was able to reduce the Fe** to Fe?* by donating an electron.
Figure 3a shows that the extract concentration (EC50) pro-
viding 0.5 of an absorbance at 700 nm was 1.1+0.9 mg/
ml. ME also presents an interesting hydrogen peroxide-
scavenging activity. In fact, the IC50 value, defined as the

Compounds Approximate retention  Concentration
time (min) (ug/g extract)

1. Catechin 4.0 99.23
2. Rutin 9.1 102.43
3. Kaempferol 11.3 21.03
4. Quercetin 13.5 145.03
5. Apigenin 25.0 87.91
6. Naringenin 27.0 25.12
1. Gallic acid 17.4 165.44
II. Vanillic acid 26.0 120.40
III. Coumaric acid 31.5 23.14
Fig. 1 HPLC elution profile of
flavonoids (4 =360 nm) from 100
Mentha spicata extract. Peaks:
(1) catechin, (2) rutin, (3) ]
kaempferol, (4) quercetin, (5)
apigenin and (6) naringenin bt

“d

3 ] 1 2
S o
204
o N MJ

@ Springer

Time (minutes)



Nicotine-induced oxidative stress, testis injury, AChE inhibition and brain damage alleviated... 943

Fig.2 HPLC elution profile
of phenolic acids (1=280 nm) 5o I o
from Mentha spicata extract.
Peaks: (I) gallic acid, (I) vanil- o 11 -
lic acid and (IIT) coumaric acid
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% o4 | 1 (p <0.05) in comparison to normal rats. However, the
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-FE. 03 | 1 — administration of ME significantly (p <0.01) increased
: .. 7 ME the body weight of rats compared with the nicotine-treated
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Concentration (mg/ml) epididymis) weights decreased significantly (p <0.01) in
50 B nicotine-treated animals. On the other hand, ME supple-
L6 BHTI; 1_60X8;7577=333 ME ;1_3; ;4 %3:667 mentation in nicotine-treated group (ME + NT) resulted in
Lo T S a significant increase (p <0.01) in brain, testis and accessory
S 120 sex organ weights in comparison to the nicotine-treated rats
120
% 100 (NT).
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“ Nicotine treatment significantly decreased (p <0.01) the
] epididymal sperm number in the lumen of the seminars
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Fig.3 Antioxidant capacity of M. spicata extract at different con-
centrations. Reducing power (a) and hydrogen peroxide-scavenging
activity (b). Values are expressed as mean + standard deviation (n=3)

extract concentration needed to scavenge 50% of hydrogen
peroxide, was found to be 0.36 +0.1 mg/ml (Fig. 3b).

tubule of the nicotine-treated (NT) group (Table 2). The
motility test showed that the number of dead spermatozoa
was higher in NT group in comparison to normal control
rats (C). In contrast, most of the sperm remained alive in
nicotine-intoxicated rats pretreated with M. spicata extract.

Acetylcholinesterase assay
Figure 4 revealed that acetylcholinesterase (AChE) was sig-
nificantly increased (p <0.01) in brain of nicotine-treated

group (NT) compared to those of normal group. The rats
treated with nicotine and M. spicata extract revealed no
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Table 2 Effect of nicotipe and/ C NT ME NT+ME

or ME on body and genital

organ weights, epididymal Initial body (g) 140.01+£20.23 141.01+3020  142.1+23.01  148.2+23.01

spermatozoa count, and motility g 40 (o) 250304630 169.23+3.02% 252.02+7.23%F 227.01+9.3+*
Absolute testis weight (g) 7.22+0.43 4.32+0.51%* 7.56+0.13% 6.23+0.36%
Absolute brain weight (g) 4.25+0.21 2.36+0.23*  4.10+0.23"*  3.89+0.21%
Seminal vesicle (mg/100 g b.w.) 148.32+2.12  102.23 +0.23** 142+1.23" 124.03+4.31%
Cauda epididymis (mg/100 g b.w.) 182.12+8.01  143.03 £2.72%%* 175+6.23"" 170.23 £3.23%*
Spermatozoa count (10%ml) 160.23+1.26  90.23+1.56%*% 156.20+2.23%F 130+1.53*F
Spermatozoa motility (%) 48.03+1.03 1521+ 1.13%*%  53.01+2.13%*t  39.02+2.2%*

45 A

AchE (nmol/min/mg protein)

Values were expressed as mean +SD of 8 rats in group

*p<0.05, *#p<0.01 compared with control (C); Tp<0.05, **p<0.01 compared with nicotine-treated

* %
40

35

30

25

20

15 4

10

5

0 - T

C NT

group (NT)
++ +r
ME NT+ME

significant changes in brain AChE as compared to normal
rats. M. spicata extract alone did not affect AChE activity.

Lipid peroxidation product (MDA levels)

The effect of nicotine treatment on the MDA levels of
brain and testis is presented in Table 3. In the brain and
testis, MDA levels were significantly (p <0.01) higher in
rats treated only with nicotine when compared with con-
trol group. Concurrent administration of M. spicata extract
in the nicotine-treated rats resulted in significant decrease
(p<0.01) in the MDA levels.

Fig.4 Effects of nicotine (NT), Mentha spicata extract (ME) and
their combinations (NT+ME) on AChE of control and experimental
rats. Values were expressed as mean =+ standard deviation of 8 rats in
group. **p<0.01 compared with control (C). T¥p<0.01 compared

Antioxidant enzyme analysis

with nicotine-treated group (NI)

Table 3 Effect of nicotine and/

Changes in the antioxidant enzyme activities of the brain
and testis samples of all the treated groups were evalu-
ated (Table 3). The results revealed significant decreases
in superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) activities in nicotine-
treated rats as compared to control rats. Interestingly,

Parameters C NT ME NT+ME
or ME on TBARS level and
activities of SOD, GPx and Brain
oAt :rlegx‘;‘ﬁiﬁjﬁﬁfrats TBARS 14.23+1.01 21.0340.83%* 15.03+0.13* 18.02+ 1.7+
SOD 45+1.02 1.9+£0.91%** 42+0.12% 3.60+0.9*F
CAT 26.02+0.21 23.03+0.21* 26.92+0.12* 27.02+0.23*
GPx 10.23+2.3 3.56+1.3%* 11.03+0.9** 7.29+0.69*"
Testis
TBARS 0.12+0.12 0.96+0.96** 0.19+0.23%* 0.41+1.2%
SOD 14.56+0.23 12.03 +7.1% 15.03+1.02* 14.01+0.1*
CAT 10.23+2.1 42412 ** 10.23+0.9** 8.02+0.36™
GPx 8.25+0.21 3.50+0.36%* 8.64+0.42™ 6.91+0.32**

@ Springer

Values were expressed as mean + SD of 8 rats in group

*p<0.05, *¥p<0.01 compared with control (C); +p<0.05, ++p<0.01 compared with nicotine-treated

group (NT)



Nicotine-induced oxidative stress, testis injury, AChE inhibition and brain damage alleviated... 945

administration of M. spicata extract in nicotine-treated
group was markedly noted to restore these antioxidant
enzymes activities to normal levels.

Histopathological studies

The histopathological examination of testis of control and
ME groups (Fig. 5a, c), showed a normal tissue structure
and architecture of the spermatogenic cycle. However, NT
rats (Fig. 5b) exhibited evident signs of testicular injury,
such as atrophy and degeneration of the seminiferous epi-
thelium with increased number of mature spermatozoa in
the tubular lumen, as well as widening of the interstitial
spaces with few number of Leydig cells. No such changes
or any other appreciable abnormal findings were present
in the (NT + ME) group (Fig. 5d).

Upon histological examination of control rats, cerebral
cortex tissue presented normal histoarchitecture (Fig. 6a).
In the NT rats, histological sections showed abnormali-
ties (Fig. 6b) when compared to controls. In fact, cerebral
cortex exhibited hemorrhage, vacuolated spaces in the
affected area and the network of finely branching small
blood vessels. Pretreatment with ME ameliorated cerebral
cortex histological pictures and histological damages that
significantly decreased (Fig. 6d). The histological pattern
was normal in rats treated only with ME (Fig. 2c¢).

Fig.5 Light microscopic sec-
tions of testes from various
examined groups, control (a),
nicotine-treated animals (b), M.
spicata extract-treated group
(¢), and combination M. spicata
extract plus nicotine (d). Sec-
tions (5 pm thickness) were
stained with haematoxylin—
eosin (X 200). ST seminiferous
tubule, IT interstitial tissue, L
lumen, SG spermatogonia, SZ
spermatozoa, arrows increased
number of mature spermatozoa
in the tubular lumen Star wid-
ened interstitial spaces with few
number of Leydig cells

E E:,’.,.n, e
i AR

Discussion

Flavonoids have been reported to have several pharmaco-
logical effects (Romani et al. 2002; Kim et al. 2008). Gen-
erally, the ethanol extracts of M. spicata extract are known
for their richness in phenolic compounds, such as phenolic
acids and flavonoids (Igbal et al. 2013). In this context, it
is important to note that M. spicata flavonoids are known
for their numerous pharmacological properties, including
antispasmodic, antimicrobial, and antioxidant activities, in
addition to its ability to inhibit human platelet aggregation.
Likewise, several studies showed that phenolic compounds
such as gallic, vanillic, coumaric acids have various biologi-
cal effects including anti-inflammatory, hepatoprotective,
antiviral and anticarcinogenic (Sharma et al. 2014; Mogo-
san et al. 2017). The chemical composition of M. spicata
extract was described through HPLC analyses. This phyto-
chemical investigation allowed us to identify three phenolic
acids (gallic acid, vanillic acid, and coumaric acid) and six
flavonoids (rutin, catechin, quercetin, apigenin, naringenin
and kaempferol), which have been previously reported in
other Mentha species and well-known for their efficient
antioxidant properties (She et al. 2010; Krzyzanowska et al.
2011; Rita et al. 2016). Antioxidant activity is associated
with a polyphenol ability to scavenge free radicals. In the
present study, the antioxidant activity of M. spicata extract
was assessed as content of phenols and flavonoids and their
ferric reducing power and hydrogen peroxide-scavenging
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Fig.6 Photographs showing
histological changes in cerebral
cortex in different groups;
control group (a); nicotine-
treated group (b); M. spicata
extract alone treated group (c);
M. spicata extract plus nicotine-
treated group (d). Hematoxylin
and eosin staining X400. 1:
Glial cells; 2: neurons; 3: a net-
work of finely branching small
blood vessels; 4: hemorrhage; 5:
vacuolated cytoplasm

activity. Antioxidants were believed to play a very important
role in the body defence system against ROS or free radicals.
Similar results have been reported by Snoussi et al. (2015)
and Fitsiou et al. (2016) emphasizing that antioxidant capac-
ity of M. spicata plants was due to their richness in anti-
oxidant components. Based on these results, the M. spicata
extract was selected to explore the eventual protective effect
against nicotine-induced oxidative damage of testis and
brain. To the best of our knowledge, the approach has not
been addressed so far. Reduction in body weight is used as
an indicator for the deterioration of rat general health status.
It has been reported that nicotine could induce toxicological
effects and biochemical dysfunctions representing serious
health hazards (Mosbah et al. 2015). The findings from the
present study indicate that excessive nicotine treatment has
changed body weight and negatively affects the function of
the reproductive system and brain of adult male rats. M.
spicata extract prevented the nicotine-induced reduction in
body weight. Mosbah et al. (2015) reported that nicotine
administration to rats decreased body weight gain by both
affecting metabolism (decreased fat stores) and reducing
appetite. Indeed, nicotine can increase the metabolic rate and
energy expenditure by sympatho-adrenal activation (Nunn
1993). Nicotine exhibited a marked testicular toxicity as evi-
denced by the most tested parameters, such as the reduced
weight of testis, seminal vesicle and epididymis, overall
impaired semen quality and testicular histopathology. Ciga-
rette smoking and nicotine administration are recognized to
reduce the male sexual function in animals and humans. In
fact, many epidemiological and experimental studies show

@ Springer

similar effects to those observed in nicotine-treated rats of
our study (Jana et al. 2010; Oyeyipo et al. 2011; Sankako
et al. 2013). Moreover, sperm count and motility were also
reduced in nicotine-treated animals. Semen data in humans
and animals exposed to nicotine clearly indicate a drastic
depletion in sperm counts, which may lead to male infertil-
ity (Jalili et al. 2014; Kolawole et al. 2015). The concurrent
exposure to M. spicata extract fully protected the reproduc-
tive toxicity of nicotine. Overall, the findings on body weight
and reproductive effects may suggest that substances, like
phenolic compounds, contained in M. spicata extract might
exert a protective action also towards oxidative stress and
neuroendocrine disruption (Ben Saad et al. 2018). AChE
is an adequate enzymatic biomarker of neurotoxicity, as it
was inhibited by the presence of anticholinesterase chemi-
cals. However, in our study, nicotine administration caused
significant increase in brain AChE activity and conversely
with several studies, which showed that nicotine inhibits
the acetyl cholinesterase activity (Ashare et al. 2017; Hasan
et al. 2018). AChE activity decreased after treatment with
M. spicata extract at a dose of 100 mg/kg b.w. Bone and
Mills (2013) found that the polyphenols, tannins and flavo-
noids present in biological material have shown a profound
analgesic and cholinesterase inhibitory properties. In addi-
tion, several studies indicated that plant extracts used to treat
cognitive disorders were found to act as AChE inhibitors
(Mogosan et al. 2017). The effect of nicotine was detected
also at the level of specific biomarkers such as MDA. This is
consistent with previous studies on nicotine oxidative stress
in testis and brain (Mosbabh et al. 2015; Budin et al. 2017).
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The observed reduction in the TBARS level in testis and
brain of rats of (NT + ME) group after treatment with the
ME suggests the potential protection of M. spicata extract.
Such protective effect of Mentha extract on lipid membranes
or proteins would proceed through ROS scavenging (or neu-
tralising), which can be explained by the presence of phe-
nolic compounds such as rutin, quercetin and kaempferol
in the extract. Some previous studies have indicated that
phenolic compounds can prevent lipid peroxidation and cells
damage (Snoussi et al. 2015; Rita et al. 2016). In the present
investigation, nicotine-induced oxidative damage by produc-
ing reactive oxygen species and decreasing the biological
activities of testis and brain antioxidant enzymes, like SOD,
CAT and GPx. The decreased activities of these enzymes
in nicotine-treated animals substantiate the occurrence of
an oxidative stress in brain tissue. Nicotine was shown to
accumulate in the brain up to concentrations high enough
to explain its neurotoxic effects. Pretreatment of M. Spicata
extract markedly reversed these perturbations, confirming
its antioxidant potential. The current findings corroborate
with previous studies of Murad et al. (2016) who suggested
that natural antioxidants are effective in reducing and repair-
ing the damage caused by nicotine intoxication. Histologi-
cal study confirms the antioxidant properties of M. spicata
extract. In the present study, exposure to nicotine caused
histopathological changes in the testes including evident
signs of testicular injury (Fig. 5). In fact, an atrophy and
degeneration of the seminiferous epithelium with increased
number of mature spermatozoa in the tubular lumen, as
well as widening of the interstitial spaces with few number
of Leydig cells were observed. Brain tissue of rat treated
with nicotine showed in cerebral cortex hemorrhage, vacu-
olated spaces in the affected area and the network of finely
branching small blood vessel (Fig. 6). Contrary to this, his-
tological architecture of the testis tissue of control and M.
spicata extract groups was normal. Pretreatment with ME
in nicotine-treated rats group preserved the brain histologi-
cal architecture. From this study, it can be concluded that
the obtained protective activities of M. spicata extract, may
be at least in part, explained by the presence of the potent
antioxidant compounds.

Conclusion

In summary, our results showed that oxidative stress induced
by nicotine causes testis and brain structural and functional
injury. The consequences were drastic alterations in various
cellular/physiological processes. Conversely, pretreatment
with M. spicata extract mitigated nicotine-induced tissue
damages, in correlation with direct antioxidant effects.
Therefore, M. spicata extract may potentially, through its
phenolic compounds, play an important role in the protection

of populations chronically exposed to nicotine. However,
further studies are needed to elucidate the exact mechanism
of protective effect of M. spicata extract on nicotine-induced
testis and brain malfunction.
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