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Abstract:

Nicotine (NIT) is the main ingredient of cigarette smoke that has harmful effects on reproductive system of both
sixes and reduced fertility. However, the major cause of male infertility is the oxidative stress. Also, NIT caused
depression in semen parameters, male hormones and apoptotic markers which led to male infertility. Graviola
leaves extract (GLE) has many antioxidants that can treat hyperlipidemia, hematological and fertility disorders
caused by NIT. The current study was done to assess the influence of NIT on the rat testes and also to clarify
the possible protective and therapeutic effects of GLE against NIT induced testicular damages in male rats.
Thirty male albino rats were classified into five groups (containing 6 animals in each) as follows: group | which
served as control: rats were received saline solution only; group II: received orally GLE (200 mg/kg bw daily,
forlmonth); group I11: injected subcutaneously with NIT (0.6 mg/kg bw daily, for 1 month); group IV: received
orally GLE daily, for 1 month and then injected subcutaneously with NIT daily, for another 1 month; group V:
injected subcutaneously with NIT daily, for 1 month and then received orally GLE daily, for another 1 month.
Serum and homogenate of testes were assayed for CAT, SOD, GSH and MDA. The testes were then excised and
examined by light microscope. The results showed significant increase in TC, TG, LDL-C as well as WBCs,
MDA, COX and P53. While significant decrease in testis weight, body weight, male hormones such as FSH, LH
and T and hematological parameters as Hb, RBCs and PLT as well as HDL-C, GSH, SOD, CAT also showed a
decrease in sperm concentration, count, motility, and sperm activity as well as the changes occur in histological
investigation. However, GLE administration before and after NIT restored all parameters resulted from NIT
injection and marked amelioration in the changes occurred in the testicular tissues when compared with
control.
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I. Introduction

Male reproductive system is affected by various chemicals and drugs which lead to infertility [1].
Smoking for example, was considered as a potential cause of infertility in males. NIT was known to account for
90 % of total cigarette alkaloid [2]. It is the major ingredient of cigarette in the particulate phase which is easily
absorbed via respiratory system [3]. Beside it is considered as the major alkaloid constituent of the cigarette
smoke, NIT is a pharmacologically  active  substance [4]. Infertility is known as the
failure to get pregnancy after one year of regular intercourse in human. It is the condition that prevent the
normal reproductive system mission[1]. On the other hand, the medicinal antioxidant plants play major roles in
the treatment of different diseases as they contain antioxidants. An antioxidant is the substance which functions
to protect the body from free radicals attack. Some examples of antioxidants are vitamins, polyphenols, karotin,
and minerals. Naturally, these substances have a significant role to prevent diseases by suppressing the damage
on cells which occurs due to oxidation of free radicals [5]. One of these medicinal plants is graviola which has
antioxidant properties without any adverse effects [6]. Graviola contains the chemical compounds which display
antiviral, antitumor and germicide effects [7] and antioxidant properties [8]. The graviola plant has many
phytoconstituents and compounds of them: different important minerals, flavonol, alkaloids, essential oils,
phenolics and acetogenin compounds which are the major components in GLE [9]. Moreover, the
phytochemical screening of GLE shows the presence of saponins, triterpenoids, flavonoids, tannins and cardiac
glycosides [10]. They are capable of neutralizing free radicals which can cause cells and tissue destructions [11].
Also, GLE contains ascorbic acid which plays a vital role in scavenging the free radicals resulted from the
oxidative effect induced by NIT [12].
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I1. Material and Methods
Study Design: After 10 days of acclimatization period, rats were randomly grouped into 5 main groups, each
has six rats as follow:
Control group: Rats of this group administered with saline solution.
Nicotine (NIT) group: Where, rats were subcutaneously injected with NIT (0.6 mg/kg bw) daily for 1 month.
Graviola leaves extract (GLE) group: The rats were orally administered with GLE (200 mg/kg bw) daily for 1
month by gavage.
Nicotine and graviola leaves extract (NIT + GLE) group: The rats were injected subcutaneously with NIT
(0.6 mg/kg bw) daily for 1 month followed by orally administration of GLE (200 mg/kg bw) daily for 1 another
month. Graviola leaves extract and nicotine (GLE + NIT) group: The rats were orally administered with
GLE (200 mg/kg bw) daily for 1 month followed by NIT injection (0.6 mg/kg bw) daily for 1 another month.
Study Location: This study was conducted on male albino rats in the animal house of the faculty of veterinary,
Kafr EI-Sheikh University, Egypt.
Study Duration: All rats were adapted to the place for 10 days before the beginning of the experiment, then 2
months the duration of the experiment.
Sample size: 30 rats.
Chemicals: Nicotine (NIT) was obtained from local suppliers for Sigma-Aldrich Company for chemicals, St.
Louis, Mo, USA. NIT was administered subcutaneously [13] with a dosage of 0.6 mg/kg bw according to the
previous study of [4]. Graviola dry extract was purchased from Origini Naturali Company, Italy. GLE was
administered orally (200 mg/kg bw); according to the previous study of [7].
Sample collection and preparation: After 2 months, the period of the experiment, the fasted rats were
weighted and then, sacrificed 24 hours after the last treatment. Blood samples under diethylether anesthesia
were collected in clean and dry centrifuge glass tubes, let to clot and then, centrifuged for 15 min at 3000 rpm.
The clear supernatant was quickly sucked by pipette. The sera were kept at -20°C for further biochemical
analyses. Rats were dissected and the two testes were removed, cleaned and weighed. The left testes of all rats
were homogenized by Lephlon homogenizer in a 10 volume ice-cold distilled water, then centrifuged for 15 min
at 300 rpm and the supernatants were frozen at -20°C for further biochemical analyses. Right testis from each rat
was processed for histopathological examination.
Hematological parameters: The chosen parameters were performed using hematology analyzer (Medonic
CAb530). Each blood samples was put in a 1ml tube coated with EDTA (ethylene diamine tetra acetic acid), and
then analyzed for the following hematological parameters: white blood cells (WBCs), red blood corpuscles
(RBCs), hemoglobin (Hb), platelets (PLTSs).
Semen collection: The testicles were quickly removed through a lower abdominal incision. The testis was then
separated from the epididymis with the scalped blade. The cauda of right epididymis was sucked into a pre-
warmed (37°C) physiological saline to get sperm suspension. Sperms were stained with 2% eosin. The results
were presented as mean + standard error [14]. The semen samples were analyzed by the method described
by Mira Spermolyzer CASA.
Histopathological Investigation: The right testis of all rats of different groups was removed, fixed in 10%
neutral formalin solution, dehydrated in buffered ethanol with an ascending grade, cleared in xylene and then,
embedded in paraffin wax. The prepared tissue blocks were sectioned at 5um thick. The paraffin sections were
picked up on glass slides, processed for hematoxylin and eosin staining, then examined and photographed to
confirm the pathological changes in each testis [15].
Statistical analysis: All statistical analyses were carried out using GraphPad Prism 5.0 software, San Diego,
California, USA). The statistical comparisons were carried out by one-way analysis of variance (ANOVA),
followed by Tukey post-hoc test [16]. The differences were counted as significant at P < 0.05.

I11. Results

Injection of NIT subcutaneously to adult rats showed significant increase in TC, TG, LDL-C as well as
WBCs, MDA, COX and P53. While significant decrease in testis weight, body weight, male hormones such as
FSH, LH and T and hematological parameters as Hb, RBCs and PLT as well as HDL-C, GSH, SOD, CAT also
showed a decrease in sperm concentration, count, motility, and sperm activity as well as the changes occur in
histological investigation. However, GLE administration before and after NIT restored all parameters resulted
from NIT injection and marked amelioration in the changes occurred in the testicular tissues when compared
with control. The data are listed in the following tables (1- 8).
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Table 1: Shows the effect of NIT and GLE on body weight (g):

Animal groups C GLE NIT GLE + NIT NIT + GLE
Initial weight 214522 4 219.5%3.3 2165271 218.7%3.1 214.7458
¥ week 224.8%3.2 221.3%1.9 214.0£10.1 2250455 220.0%6.4
2 week 231.3%3.6 231.5%4.1 220.0%9.9 2340198 221.0£12.9
37 week 242.7+4 3 241.0%5.3 230.028 4 241.0+10.3 225.0+4.4
4" week 245.0+7.7 242.8%7.6 242.0%5.9 245218 4 230.0£13.9
51 week 254.7+71 248.0+4.2 245.019.6 2450147 232.0+15.1
6" week 250.0%7.1 2450141 250.0%6.6 235.029.1 240.0%7.6
7™ week 255.0%7.5 251.0%6.3 240.0%7.5 240.0%6.6 244.0%4.9
8" week 261.0¢5.9 262.0455.6 230.0¢5.9° 246.0+6.3° 248.013.9°
Table 2: Shows the effect of NIT and GLE on testis weight (g):
Parameters C GLE NIT GLE+NIT NIT+GLE
Testis weight 2.3740.13 2.4+0.14 1.43+0.19" 2.4+0,03 2.03+0.19°

Table 3: Shows the effect of NIT and GLE on hematological parameters:

Parameters Cc GLE NIT GLE+NIT NIT+GLE

Hb (g/DI) 127405 141306 9.940.6° 11.8£0.4 12.7403°
RBCs (millions/dl) 9.2+0.6 9.3+0.5 4.1+0.3 6.0£0.3 5.9+0.5°
WBCs (thousands/dI) 9.5+0.3 10.2+0.3 5.5+0.3% 7.3£0.3 7.120.3°

PLT (thousands/dl) 755.9+35.4 764.3+40.9 269.6+25.2 458.4+46.4 443.3+44.2

Table 4: Shows the effect of NIT and GLE on lipid profile (mg/dl):

Parameters C GLE NIT GLE+NIT NIT+GLE
TC 44.5+3.8 435+3.8 95.5+6.2° 5243 6° 47.8+3.8°
TG 50.2+3.2 51.9+2.2 107.2+3 4% 56.6+2.6° 55+2 4P

HDL-C 56.1%1.5 55.1+15 23042 52 42 8421 48.842 3
LDL-C 29.9+2.1 29.3t1.9 111.2¢3.3° 32.3:2.2° 27.6+3.3"

Table 5: Shows the effect of NIT and GLE on male hormones:

Parameters C GLE NIT GLE+NIT NIT+GLE
FSH (m1U/ml) 3.6+0.1 3.540.1 0.7+£0.1% 27+01% 3.50+0.10°
LH (mlu/ml) 6.4+0.4 6.2+0.4 0.8£0.1° 5.1+0.2% 5.40+0.30°

T (ng/ml) 3.4%0.2 3.4%0.2 0.8+0.1% 2.8+0.1° 3.20£0.10

Table 6: Shows the effect of NIT and GLE on semen analysis:

Parameters C GLE NIT GLE+NIT NIT+GLE
Concentration of sperm 66.9+2.38 68.5+2.3 19.2+1 5% 60.52+2 9° 66.242.26°
(million/ml)
Sperm count 245+7.60 258.3+4.4 53.2+4 5 24437 4° 245+7.60°
(million/Ejaculate)
Total motility (%) 76.7+4.41 76.8+4.3 24.742.9% 27.5¢3.2° 75.67+3.75°
Sperm activity (%) 85+3.15 90.5+2.4 30.3+1.5% 77.742.4° 82 5042 49"

Table 7: Shows the effect of NIT and GLE on oxidative stress markers:

Parameters C GLE NIT GLE+NIT NIT+GLE
MDA (nmol/g) 485+22.9 455.3+22.9 775.8+19.4° 529.419.38" 530.5+17.10
GSH (U/g) 13.9+0.8 14.1%0.7 5.9+0.7° 11.67+0.86" 12.48+0.8°
SOD (Ulg) 167.3+74 167.8+7.9 117.6+7.9° 158.5+7.93" 166.646.6°
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CAT (Ulg) ‘ 168.8+7.8 168.9+7.9 ‘ 100+7.9% ‘ 155.5+7.6" | 167.246.6° |
Table 8: Shows the effect of NIT and GLE on apoptotic markers:
Parameters C GLE NIT GLE+NIT NIT+GLE
P53 27.5+1.6 27.4+1.1 40.02+1.82° 31.4+0.9° 33341 5°
COX (ng/mg) 0.09+0.01 0.09+0.01 0.4120.02% 0_]_810.01"‘b 0.1410_01"1b

Data were expressed as means + SE (number of rats in each group 6).

(a, b) indicated the significant change at P < 0.05.

a= significance when compared with control, b= significance when compared with NIT group.
C: Control, GLE: Graviola leaves extract, NIT: Nicotine

Figure 1: Shows the effect of NIT and GLE on histopathological studies:

Testis sections of control group A and GLE supplemented group B displayed normal seminiferous
tubules with narrow interstitial spaces with normal Leydig cells. The tubules were lined with stratified germinal
epithelium composed of different spermatogenic stages. Between the spermatogenic cells; Sertoli cells were
identified. Sperms were also seen in the lumen of seminiferous tubules (Figs. A & B, H&E-stained)

Sections in testis of NIT-treated group showed widening of the interstitial spaces between the
seminiferous tubules containing damaged Leydig cells. Wide separation between the epithelium and the
basement membrane was also noticed in some areas. Damage of spermatogenic cells and marked reduction of
sperms in some seminiferous tubules were observed (Figs. C & D, H&E-stained)

Section in testis of GLE + NIT treated rats showed almost normal appearance of seminiferous tubules
with normal spermatogenic cells nearly similar to those of the control group. They were lined by several layers
of spermatogenic cells resting on a regular basement membrane. Normal spermatozoa in the lumen of
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seminiferous tubules were observed. Interstitial spaces were apparently narrow with the arrangement of Leydig
cells were also seen (Fig. E. H&E-stained).

Section in testis of NIT + GLE supplemented rats showed well organized seminiferous tubule with distinct
primary, secondary spermatocyte, spermatids and spermatozoa compared with the nicotine treated group.
Interstitial Leydig cells showed normal structure compared to the nicotine group (Fig. F. H&E-stained).

V. Discussion

The results of current study showed a significant decrease in rat mean body weight comparing with
other studied groups and these results are similar to the findings of [2]. The decreased body weight caused by
NIT may be due to neuroregulatory mediators that mediate food intake [17]. NIT may also, reduced food
consumption via disrupting leptin level which may increase lipolysis [18]. Also, NIT showed a significant
decrease in rat testis weight. Such results go parallel with the findings of [19] and [2] who reported that NIT
caused a reduction of testicular weight and they related this to acute androgens scarcity. On the other hand, oral
administration of GLE to male albino rats treated with NIT showed increased body weight mean. These results
go parallel with that reported by [20] and [21] who observed that GLE could improve the mean body weight or
testis weight and they related this to the benefits of GLE. GLE which did not possibly cause any alterations in
carbohydrate, protein or fat metabolism in these experimental animals [22].

The current study revealed a significant increase in the WBCs while significant decrease in RBCs
count, Hb and PLTs were observed comparing with the control group. One of the major effects of NIT on the
physiology of body is that it greatly suppresses the function of immune system and due to this reason the
number of WBCs increased in the body to strengthen the immune system. It is documented that NIT inhibits the
proliferation and function of erythrocytes [23]. On the other hand, the oral administration of GLE to male albino
rats treated with NIT ameliorates the studied hematological parameters. These results were in accordance with
[7] who confirmed that, administration of GLE to male rats treated with NIT could ameliorate the hematological
changes as GLE exerts its anti-inflammatory and antioxidant effects on rats.

The current study revealed interruption in lipid profile in NIT treated rats. NIT caused a significant
decrease in HDL-C and significant increase in TC, TG and LDL-C comparing with the control group. These
results were similar to the previous studies obtained by [24] who reported that the presences of
hypercholesterolemia and triglyceridemia in heavy smokers are due to increased activity of 3-hydroxy-3-
methyl-glutaryl CoA reductase (HMG-CoA reductase) and increased incorporation of labeled acetate into
cholesterol. Higher level of TG occurred due to the presence of NIT which decreases the activity of lipoprotein
lipases and these enzymes involved in the uptake of circulating triglycerides rich lipoprotein by the extra hepatic
tissue. The smokers showed an increase in LDL and TG and a decreased HDL all of which are measures of the
deteriorating health condition. On the other hand, GLE administration as a protection or a treatment to rat
treated with NIT showed a noticeable improvement. Such results go parallel with the findings of [25] who
recorded that administration of GLE to rat treated with NIT could ameliorates the lipid profile changes. The
GLE may have prevented the increase of TC by inactivating HMG-CoA reductase, the rate-limiting enzyme in
cholesterol biosynthesis. The significant reduction in the concentration of TC and TG by GLE may also be due
to the presence of antioxidants and hypolipidaemic agents which decrease in absorption of cholesterol and/or an
increase in HDL-cholesterol.

The data of the present study indicated that the sperm concentration, motility and sperm activity were
significantlly decrease in semen analysis in rat treated with NIT and these results were agreement with the
previous studies [2] and [19]. Similarly, it was found that the normal morphology of sperm was adversely
affected by smoking behavior. Sperm abnormalities observed in rats treated with NIT might be due to low
production of testosterone and the DNA damage. In addition, an increase in reactive oxygen species (ROS) level
caused by NIT would also leads to the morphological defects in the sperm, since mammalian sperms are rich in
polyunsaturated fatty acids and are susceptible to attack by ROS [26]. On the other hand, GLE mitigated the
toxicity on sperm motility, sperm count and sperm head abnormalities. These results were in agreement with
[20] who attributed to its scavenging properties for free radical and its antioxidant capacity which induced by its
active ingredients. Also, it could be attributed to its rich of vitamin C content which exerts the protective role of
vitamin C. Ascorbic acid (Vitamin C) is an important component of the body’s antioxidant defense mechanisms;
it can decrease the oxidative effects of toxic substances [12].

The data of the present study showed that, the mean level of T, FSH and LH were significantlly lower
in rats trested with NIT compared to the control group. These results are in accordance with [26] and [19] who
reported that NIT interfere with hypothalamus-pituitary-testicular axis in several levels. Also, these added that
imoairment in sex hormons was induced by ROS. Moreover, the decreased in serum T level of the rat treated
with NIT may have been caused by the disruption of testicular cyto-architecture which consequently adversely
affected Leydig cell number and functioning, which leading to the decrease of serum T level. In the opposite
way, GLE supplemented to rats treated with NIT as protective or treatment cause a significant increase in T,
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FSH and LH levels. [10] and [7] showed that the role of GLE in ameliorate of testicular hormon levels could be
attributed to its antioxidant properties which scavenging the free radicals induced by NIT.

In addition, the obtained results showed that the oxidative stress in the testis of NIT treated rats
represented by a significant increase in MDA and significant decrease in CAT, SOD and GSH. These results
were accompained with [19] who revealed that NIT has been found to disturb the antioxidant defense
mechanism, increased LPO, hydrogen peroxide and hydroxyl radical generation, while reduced the level of
GSH, the activities of antioxidant enzymes which supported the results obtained in the present study. Also, these
results are in agreement with [26] who attributed that due to the cellular integrity alterations of tested as a result
of elevation of oxidative stress directly reduce the endogenous antioxidant activities. On the other hand, oral
administration of GLE led to a significant increase in GSH, CAT and SOD while showing a significant decrease
in MDA compared to the NIT treated group. These results are parallel with the findings of [27] and [7] who
explained that the active ingredient of phytochemical compounds especially acetogenins are very vital
component for the free radical scavenging and antioxidant activities of the plant which.

In the current study, NIT increased the apoptotic markers (P53 & COX) and these results are in
agreement with [2]. On the other hand, GLE administration led to ameliorate the apoptotic factors such as Ps3.
Annonacin, considered the main GLE acetogenin, is documented as being able to cause cell death by apoptosis
in the G1 phase of the cell cycle. The mechanism involves promoting pro-apoptotic protein expression, as well
as the Ps3 and P, while inhibiting the antiapoptotic protein expression [28].

In the current study, several histopathological alterations were recorded in the testicular sections of rats
treated with NIT. Such results were represented by fragmented seminiferous tubule, several vacuoles, damage
Leydig cells and disorganization of spermatogenic cells. Similar results were recorded by [4] who observed
many disruption in the testis by NIT which can cause a valuable index of reproductive toxicity in male animals
and that is in consistent with the elimination of germ cells from testis. Also, the spermatogenic disorder had
been reflected by the decrease in the number of different generations of germ cells at stage V11 of spermatogenic
cycle. The histological evaluation of the testicular section also revealed the disruption of spermatogenesis. This
was attributed to the low levels of both serum T and FSH hormons. T hormone was processing the normal
growth of sexual organs and FSH hormone play a vital role in production of androgen binding protein (ABP) by
activation of the Sertoli cells. The ABP is necessary to bind T that is important for full spermatogenesis [29]. On
the other hand, oral administration of GLE led to a remarkable amelioration were recorded in the histological
testicular sections of rats treated with NIT and supplemented with GLE before or after NIT. The present results
are in agreement with [7] who reported that GLE and the combination of them confirmed by histopathological
observations where showing recovery in seminiferous tubules with production in normal sperm cells and
seminiferous tubules return in normal structure. The antioxidant effect of GLE has been considered to be
mediated via its major effects on eradication of free radicals and/or via preventing lipid peroxidation and it is at
least 10 times more active as an antioxidant than Vitamin E. This is so because GLE have been shown to
possess antioxidant properties, due to the presence of acetogenins, which probably play the role of effective free
radical scavengers. GLE was found to decrease structural changes in the testis [30].

V. Conclusion
This study concluded that there were biochemical and histological alterations in male albino rats treated with
NIT. These results indicated a testicular damage in male albino rats induced by NIT toxicity related to decrease
in sperm characteristics and other parameters which resulted in infertility.
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