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Abstract

Chemical polymerization produces polyaniline in two concentrations
(0.02,0.05g) at room temperature. The reaction of polymerization was exothermal in
nature. The characterization peak was observed in the FTIR range between 1470 and
1560cm™which defined benzenoid and quinoid ring. To find out the effects Fe,O3,
this investigation was carried out with two weights of Fe,O5 (0.05 and 0.02 g). In the
experiment part, 32 mice were separated into eight groups, as indicated. The
experiment lasted for 35 days. The results showed a significant (P < 0.05) decrease
in sperm motility, concentration, percentage of live sperm and testosterone
concentration with a significant (P < 0.05) increase in the percentage of abnormal
sperm in group treated with PANI-Fe,03-Cys without magnetic field in comparison
with control group. The results also showed a significant (P < 0.05) increase in
sperm motility, Relative sperm count of live sperm and testosterone concentration,
with a significant (P < 0.05) decrease in the percentage of abnormal sperm in group
treated with PANI-Cys and PANI-Fe,O3-Cys exposed to magnetic field in
comparison with the samples without magnetic field. The group treated with PANI
alone showed an improvement in all parameters studied except the percentage of
abnormal sperms which showed a significant (P < 0.05) decrease. Using the
alternating magnetic field, it was found that it has a obvious effect on the work of
the material PANI- Fe,O5-Cys and PAN-Cys. Thus, it affects sperm motility
Article Info.
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1. Introduction

To combat cancer, bacterial infection, inflammatory illnesses, and so on, hyperthermia
(also known as thermotherapy or thermal therapy) is used to expose the bodily tissue to higher
temperatures in order to destroy disease cells or pathogens by denaturation of proteins and
membrane breakdown [1]. Conventional techniques of hyperthermia include the use of heated
saline through catheters, sitting in a hot room, or wrapped in hot blankets. Other methods
include microwave heating, ultrasonic heating, and so on. Most of these treatments are
invasive and can damage the normal tissue. To address the limitations of traditional
hyperthermia, noninvasive techniques involving near-infrared (NIR) light, radiofrequencies,
or inductively linked magnetic fields have been used [2]. As therapy drugs' inherent toxicity is
unavoidable, the development of multifunctional therapeutic nanoplatforms, particularly those
with targeted specificity, is considered crucial for future application in clinical cancer
treatment32. 32—34 Additionally, Haam and colleagues in 2014 produced one sort of targeted
gadolinium-enriched PANI NPs via modification of cetuximab, where they accomplished
simultaneous diagnostic imaging and PTT for epithelial carcinoma though promising results
have been achieved, the preparation process is somewhat complicated [3].

Since the 1970s, the usage of polymers in biological applications has risen significantly.
Tissue engineering has taken a keen interest in conducting polymers and their derivatives
since it was discovered that CPs might regulate cellular activity by stimulating it electrically,
such as cell growth and migration. There are several similarities between CPs and ordinary
polymers, such as their ease of synthesis and processing compared to metals [4]. An example
of CPs is polyaniline (PANI), which has been the subject of numerous research. PANI is a
well-known conducting polymer that exhibits a wide range of structural shapes, excellent
environmental stability, and straightforward ability to carry electrical charges [5]. Belmonte et
al. [6] were the first to show that this polymer is biocompatible both in vitro and in vivo.
There are two major categories of PANI biocompatibility studies that have been reported. In-
vivo testing is the primary emphasis of one group, while in vitro proliferation and
differentiation of cells on PANI surfaces are the subject of the other group [7].

In this article, a new process to synthesize the composite of /PANI- a- Fe,O3; Cysteine

was developed. Study of the effect of the concentration of Fe,Oj3 in polyaniline and the effect
of magnetic field on cancer cells in sperm of mice was studied.
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2. Experimental work
Reagents and materials

Hybrid polyaniline with iron ferric nanocomposite was created using following materials.
All of the compounds employed here were of the highest purity possible, and the firms that
supplied them are noted in Table (1).

Table 1: show the materials used in preparing the hybrid nanocomposites

Aniline (CsHs.NH) 99% Hopkin Williams
Ammonium Persulphate (NH,4),S,0g 98% Himedia-India
L-Cysteine (C¢H1,N,0,S,) 98% Himedia-India
Himedia-India (particle size 20-30 nm
0,
Iron II (aFe,03) 98% density 5.6 g/cc)

Dimethyl Sulfoxide (DMSO) (CH3),SO 99.6%  BDH-England (Conductivity 10 pm/cm)

3.Synthesis of PANI-Fe;03-Cys

0.45ml of aniline was weighed using an electronic balance and then diluted with 50ml of
deionized water. A concentration of one mole was achieved in this manner. The mixture was
placed in a flask, kept under steady stirring. This mixture was divided into two and different
weights of Fe,O3 of 0.02g and 0.05 g were added; Meanwhile, another solution of 1M
Ammonium Persulphate (APS) was prepared; 4.5g of this substance was dissolved in 50 ml of
distilled water. This solution adding to aniline to complete polymerization. The reaction was
kept in an ice bath at 3°C for 15 minutes with constant stirring this condition were used to
keep this solution stable. The APS solution was poured dropwise into the aniline solution.
Dark green tinted granules appeared in the solution, which had previously been clear, as
shown in Figure 1. A digital thermometer was dipped in the solution to monitor its
temperature. The temperature increased from 3°C to 40°C in less than 10 minutes and then
began to fall. The polymerization process was allowed to proceed for five hours at a
temperature of 3°C with continuous stirring. The solution was allowed to sit for a further 20
hours.
This mixture was filtered under vacuum after 24h. In the meantime, the mixture was washed
with distilled water. Filtration produced a dried product, which was dried in an oven at 80°C
for four hours. The product powder (PANI-Fe,O3) was grinded with mortars into a fine
powder for further diagnostic analysis after making sure it was free of dampness. In order to
convert the product powder from hydrophobic to hydrophilic, the polymer PANI-Fe203 must
be immersed for a one day (24h) in (1M) of L-cysteine amine solution
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Figure 1: Preparation of PANI- Fe,O3-Cys NPs (counterions are omitted for clarity) [8] L

3. Preparing the in vivo sample and mechanism of Alternating Magnetic Field (AMF)

therapy

For the purpose of studying the effect of the magnetic field on the sample (PANI-Fe,O3-
Cys), an alternating magnetic field (AMF) was used (the magnetic induction B (flux density)
= 0.2 tesla, measured by TD 8620 flax meter, and the period time was 2 min) for preheating
the PANI-Fe,03-Cys) inside the animal body (sperm cells) even become the temperature from
(50-65C), where this temperature was the cause of in the preferential death and changes in
affected sperm cells. The changes in the sperm (shape, deformation and motility) were
observed using a microscope. Figure 2 shows the diagram of circuit used for alternating
magnetic field (AMF) therapy and Figure 3 shows a mouse inside the magnetic field.
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Figure 2: The circuit diagram of Alternating Magnetic Field (AMF) therapy
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Figure 3: show a mouse inside the alternating magnetic field (AMF)

5. Experimental Animals:

In this study, 32 white Swiss mice aged 10-8 weeks with an average weight of 25-30 g
were used. The mice were infected with cancer type methotrexate (MTX). They were placed
in plastic cages spread with sawdust, and the mice were divided into eight groups, 4 in each
group, as show in Figure (4). The mice groups were as follows:

First group: The mice injected with water only (negative control group).

Second group: The mice injected with MTX only (positive control group).

Third group: The mice injected with MTX and subjected to AMF.

Fourth group: The mice injected with PANI-Fe,O3-Cys with Fe,O3 of (0.020).

Fifth group: The mice injected with PANI-Fe,O3-Cys with Fe,03(0.05g).

Sixth group: The mice injected with PANI-Fe,03-Cys (Fe;O3= 0.02g) and subjected to
AMF.

Seventh group: The mice injected with PANI-Fe,03-Cys at (Fe,03=0.05g) and subjected to
AMF.

Eighth group: The mice injected with PANI-Hybrid Composite only and subjected to AMF.

Figure 4: The eight groups of mice.
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After taking a blood sample, the animals were sacrificed by cervical dislocation by
pulling and the animals were dissected by opening the abdominal cavity in an inverted T
shape. The epididymis was excised, the fatty tissue attached to it was removed, dried with
filter paper and placed in physiological saline solution to calculate the following:

motility and density of sperm

Using 0.2 ml of physiological saline, a known quantity of cauda epididymis was extracted
for assessing sperm motility and density. Five minutes after sacrifice, one drop of an evenly
mixed sample was applied to a glass slide under a cover glass. Spermatozoa per unit area were
counted to determine the proportion of motile spermatozoa. The density (count) of sperm in
the cauda epididymis was determined using standard procedures and expressed in
million/mm?® of suspension [9].

n*400%200

Number of sperms /ml= prvwrouniPP (1) [10]

n: number of live sperm

Percentage of live and dead sperm

A drop of the sperm mixture was placed on the side of a glass slide and placed on a hot
plate at a temperature of 37°C; next to the drop, drops of necrosing-eosin mixture the size of
the first drop itself were placed. The mixture on the slide was left to dry at room temperature
and then examined under 40X magnification. The percentage of live and dead sperm was
calculated, as well as knowing the percentages of abnormality sperm through the following
equation:

Dead/live or abnormal sperm count

Percentage of live and dead sperm= * 100% ...... (2)[10]

total sperm count

Measurement of Testosterone concentration

Blood samples were taken using a 1 ml syringe by the heart stab procedure before the
animal was sacrificed. The blood samples were centrifuged at 2000 rpm for 10 minutes to
separate the serum, which was then frozen at -20 °C till the hormone concentration was tested
using a device (Male Hormone panel).

6. Characterization of chemical structure

Using the Fourier Transformation IR Analysis (FTIR), the PANI-Fe;Os-Cys were
analyzed in the wave number range 400-4000 cm™. Most samples were analyzed with a mid-
IR scope; however, data can also be gleaned from far- and near-IR bands.

7. Result and discussion

Figure 5 shows the relation between reaction temperature and time of polymerization a
typical cycle of polymerization practically recorded in the lab. there are three distinct stages;
the temperature remains virtually constant in the first stage which is called the induction
period. In stage 2, polymerization commences and the temperature of the reaction mixture
increases and the color of the solution has been changed to dark black color after being
transparent with the appearance of granules which preceded the composition of oligomeric
intermediates. the cycle passes through a maximum after the reaction is finished, Post
polymerization stage which is stage 3 begins when the temperature drops and the reaction
enters its saturation stage and the medium cools down. Polymerizations using aniline
concentrations over 1 M, especially when carried out in large volumes (over 0.5 L), can result
in the overheating of the system, followed by an explosion [11]. Such reaction conditions
should be avoided.

1733



Mohamed et al. Iragi Journal of Science, 2023, Vol. 64, No. 4, pp: 1728-1742

40 - —
00000, ooo
Oo,
O Op,
Oo0
5{ 351 & -
5 '
g '
& : | o |
(5} | Induction H e I Post-polymerization |
g 30 period ! Polymerization E period
Al ! o b
! i
25 - i o .
' (o)
|
! e
20 00000000~ ; 1 .
0 5 _ 10 15
Time, min

Figure 5: The polymerization process as a function of time [11].

Fourier transform infrared (FTIR) spectroscopy validated the chemical structure of PANI
and PANI-Fe;0O3 of (0.02gm and 0.05 g weight) hybrid nanocomposites. PANI FTIR spectra
(Figure 6) shows the C-H out of plane bend on the aromatic ring at the 1, 4 position in the
intrinsic PANI, as well as the carbon skeleton peak at 1121 cm™ and the C-N stretching peak
at 1292 cm™ [12]. Benzenoid ring C=C stretching is responsible for the characteristic peak at
1470 cm™, whereas the high doping degree of the PANI is shown by the peak at 1559 cm™.
N-H stretching vibrations can be seen at 3428 cm™ [13]. PANI's creation has been confirmed
by all of the distinctive peaks that have been found.
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Figure 6: FTIR spectra of PANI.

PANI-Fe,03-Cys (0.02,0.059) FTIR spectra (Figure 7) show that the characteristic peaks
of pure PANI at 801 cm™ shifted to 822 cm™, 1121 cm™ shifted to 1132 cm™, 1292 cm’
Ishifted to 1294 cm™ and 1470 cm™ shifted to 1489 cm™ [14]. The electronic interaction
between PANI and nano Fe,O3 may be the cause of such a shift in wave number. Iron oxide
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IS involved in the polymer matrix, as seen by the peak at 561 cm™, which represents the
stretching vibration mode of the Fe-O molecule. Although PANI- Fe,O3; (0.02,0.05) hybrid
nanocomposites have characteristic peaks at 1294 cm™, 1489 cm™, and 1576 cm™, which are
attributed to the benzenoid (NH-B-NH) and quinonoid rings of PANI. The fact that the iron in
PANI tends to form a coordination complex with nitrogen atoms is indicated by a shift in
peak height from 1121 cm™to 1132 cm™. It also indicates that the amine nitrogen is more
involved in the interaction, as the characteristic peak shift from 1559 cm™to 1576 cm™ [15].
The -CH stretching vibrations are thought to be responsible for the broad peak at 2915 cm™.
The polymer hybrid composite is clearly visible in all of these characteristic peaks [16].
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Figure 7: The Fe;O3PANI-Cys FTIR spectral areas.

Figure 8-a shows FE-SEM images of PANI-Fe,03-Cys at (0.02g) and Figure 8-b for
PANI- Fe,03-Cys at (0.05g). This figure illustrates the growth of the PANI- Fe;O3-Cys
microgranules/microparticles with a diameter less than (80.1-90 nm). These rang are
randomly. Distributed and separated by different voids. These microgranules have irregular
shapes. The PANI- Fe,03-Cys microgranules have a rough the final shape that were ovular
flower. This result explain that the interface procedure can be used to control the
polymerization reaction with homogenously dispersed nucleation centers. This complicated
structure that fabricated in this work using simple, low cost, and massive production method
can be used in different applications including catalysts, sensors, and biomedical applications.
This is highly expected because of the huge surface to volume ratio [11].

This fact demonstrates that the composite is highly microporous and can increase the
liquid—solid interfacial area. An FE-SEM analysis of Jaque et al. [17] corroborated the
material's highly porous structure and clumped spherical form. And the electrostatic
interaction between the amino groups (-NH2) of PANI-Cys and the carboxylate group from
Fe,Oscould be attributed to the decreased PANI-Cyst size, as seen in Field emission SEM for
PANI- Fe,03-Cys [18].
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Figure 8 b: The FE-SEM micrographs of PANI-Fe,O3-Cys (0.059)
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Figure 9: EDX analysis for Fe,O3; PANI-Cysteine
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From the elemental analysis of Figure (9) for PANI-Fe;O3-Cys at (0.02g and 0.05g),
observed many peaks corresponding to carbon (C), sulfur (S) and sodium (N) are observed,
which corresponds to the characteristic materials of the composite powder of PANI and L-
Cystine. The ratio of weight percentage (wt%) and atomic percentage (A%) were shown in
Table (2)[19]. PANI- Fe,03-Cys for 0.02g and 0.05g Fe,O3, nano-composite consist of exact
elementals composition of specific element like Fe, O, C. The observed elemental
composition is Fe=19.6%, 0=10.44%, C=35.19%, N=25% and S= 10%.

Table 2: a EDX analysis for PANI-Fe,O3-Cys powder (0.05g)

8. The results of sperm test
Table 3 shows the number of dead sperm, motility and abnormal sperms of these groups.

Percentage of Sperm Motility and Live Sperms

A significant decrease (P < 0.05) in the % sperm motility, % live sperm and sperm
concentration for the PANI-Fe,03-Cys treated group compared to the control group was
noted. There was also a significant increase (P < 0.05) in sperm motility and live sperms
count close to that of the control group in the pure PANI treated group and in the PANI-
Fe,O3 of 0.05g treated group compared to the PANI- Fe,O3-Cys of 0.02 g treated group. The
PANI-treated group showed an improvement in the percentage of sperm motility [20].

Percentage of abnormal sperm

The group of mice treated with PANI-Fe,O3 showed a significant | increase | (P < 0.05)
inl the percentage of | deformed sperms compared to | the control group. | As for the group
treated | with pure PANI and treated with PANI-Fe,O3; (0.05¢g), there was a significant
decrease | (P < 0.05) in the percentage of deformed | sperms compared to the | group of mice
treated with PANI-Fe,O3 (0.02g). The group treated with pure PANI | showed levels close to
that of the control group.
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A

Table 3: The sperm motility, dead and abnormalities sperm

F

F

Iragi Journal of Science, 2023, Vol. 64, No. 4, pp: 1728-1742

A

89+3.61 13.667+1.528 14+2 32.33+3.06
D A A E
57.33+2.52 38+2.65 27.33+2.52 16+2
C B AB E
65.33+5.51 28.33+2.08 25+2 17+1
C B BC E
68.67+3.06 C25+2 22.667+1.528 17.667+1.155
c CD CD CD
70+2 22+2 20.333+1.528 23.333+1.528
B DE D D
79.67+4.51 20.33+2.52 19+2.65 21.67+2.08
A DE DE BC
86.67+2.89 19+2 17.667+1.528 25.333+1.528
A E EF BC
89+3.61 18+2 15+2 27.67+3.06
6.260 3.671 3.480 3.568
0.0002 0.00011 0.00006 0.00003

Note: Different lettering (A, B, C, D) on the same columns indicate significant differences
among groups (P <0.005), Values are mean of four animals = S.D.; data analyzed by Student

Figure (10) shows deformed (with abnormal tails, coil & folded) and dead sperms stained
by eosin dye; while live sperm and normal sperm do not stain with the dye.

2

>y
“
£

Figure 10: Abnormal sperm under microscope (magnification force of x100)
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Testosterone Concentration

Table (4) shows the | concentration | of testosterone for the eight mice groups. It is
noticed that there was a | significant decrease |1 (P < 0.05) in the | concentration | of
testosterone | in the | group exposed to PANI-Fe;O3-Cys compared | to the control group. |
The results of the group treated with PANI-Cys and treated with PANI-Fe,O3-Cys (0.05g
Fe,03) indicated a significant increase (P < 0.05) in the average testosterone | concentration
compared to the group of mice treated with PANI-Fe,O3-Cys (0.02g Fe,O3). The group of
mice treated with PANI-Cys and PANI- Fe,O3 (0.05) showed an increase in testosterone at a
higher level than its level in the control group.

Table 4: The sperm Testosterone hormone

Parameters Testosterone ng/ml
Groups (mean+SD)

LH miu/ml
(mean+SD)

FSH miU/ml
(mean+SD)

A E D
Neg.control 5.0552+0.1333 3.0927+0.1698 2.707+0.346
F A A
MTX 3.719+0.206 5.664+0.399 4.062+0.315
E B AB
MT X+Lasser 3.9726+0.1077 5.066+0.202 3.551+0.367
DE C BC
MTX+Polymar 0.02 4.0222+0.1069 4.5575+0.1575 3.284+0.234
DE C BCD
MT X+Polymar 0.05 4.1486+0.0952 4.408+0.205 3.04+0.24
MTX+Polymar CD D CD
0.02+Lasser 4.216+0.1148 3.945+0.337 2.884+0.234
MTX+Polymar 0.05+Lasser CD D CD
4.432+0.181 3.81+0.202 2.907+0.481
MT X+Polymarpure+Lasser B D CD
4.8223+0.0675 3.6308+0.137 2.796+0.336
LSD 0.231 0.418 0.569
P-value 0.00012 0.00005 0.00007

9. Discuss sperm results

The results of the current study showed that the treatment of PANI-Fe,O3-Cys mice led to
a significant decrease in the percentage of sperm motility and sperm concentration rate. One
of the studies indicated that exposure to PANI- Fe,O3-Cys for a period of more than a month
caused a decrease in the rate of sperm concentration and movement. PANI- Fe,O3-Cys causes
oxidative stress in the semen and in the sperm, which leads to an imbalance between the
active types of oxygen and antioxidants. Fe,O3 also causes a decrease in the effectiveness of
antioxidant enzymes, including Superoxide dismutase and Catalase, and then the death of the
sperm and the decrease in the movement of the live sperm. [21]. Another study indicated that
exposure of male mice to a dose of 0.05 mg/kg of PANI- Fe,O3-Cys causes a decrease in
sperm motility and their number in the epididymis.

The study showed that iron oxide interacting with polyaniline works to generate active
types of oxygen in the testes of male mice, which leads to an increase in fat oxidation and
then a decrease in the number of sperms with an increase in sperm abnormalities in the treated
mice [22].

The current study showed that the treatment of hybrid PANI-Cys animals caused a
significant increase in the percentage of sperm motility. It was noted that calcium and L-
Cysteine increases the effectiveness of antioxidant enzymes, including glutathione peroxidase,
and the important role of glutathione peroxidase was noted in the correct and good formation
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of the midsection of the sperm, as it was noted in the mitochondria and in the nucleus of the
sperm, and it has a role in protecting the sperm from effective types of oxygen [23]. A
relationship was also observed between the level of PANI, the activity of glutathione
peroxidase and the quality of the sperm. As the deficiency of PANI causes a defect in the
mid-section of the sperm, and then causes a defect in the movement of the sperm and a
weakness in the process of sperm formation [24]

One of the studies showed the occurrence of sperm abnormalities, especially the head
area of the sperm, and other abnormalities in the neck, mid-section and tail of the sperm, and
abnormalities in the sperm chromosomes of male mice that suffer from a deficiency in
calcium, as the calcium present in hybrid polyaniline has a role in the process of formation
The sperm in mice ,and the magnetic field works to disperse the active substance and improve
the properties of the hybrid polyaniline [25], as Glutathione peroxidase has a key role in
protecting the plasma membrane of cells from oxidative damage, and PANI, in the presence
of the hybrid substance included in its composition, is necessary in the formation of the sperm
flagellum, during the process of sperm transformation through its role in the formation of the
envelope surrounding the axial filaments of the flagellum. And that the deficiency of PANI
causes the lysis of the lysosomal cells of the mothers of spermatozoa during the spermatid
transition, so the lysosomal enzymes present inside the lysosomes lead to the breakdown of
the tail membrane of the spermatozoa [26].

However, Regarding the role of the magnetic field there were no differences between the
groups, which suggests that the magnetic field used does not interfere with spermatogenesis in
such a way that it would increase sperm head abnormalities. The present study did not provide
evidence of adverse effects of magnetic field on sperm counts in cauda epididymis or testis.
The magnetic field may influence sperm motility This is for reasons mentioned the movement
of hemoglobin increases in the blood vessels, which leads to a reduction in the proportion of
calcium, cholesterol, and even waste suspended on the surfaces of the blood vessels, which
removes high blood pressure and relieves the work of the heart. hormones. The movement of
blood and lymph activates, so that all nutrients reach the cells adequately. Sperm cell motility
is an important indicator of fertility [27]. and Increased sperm motility is an interesting
finding that needs to be confirmed in further studies.

10. Conclusion

1- The PANI-Cys and PANI-Fe,03-Cys nanocomposites were successfully synthesized via in
situ chemical oxidative polymerization of polyaniline in the presence of different weight
percentages of Fe;O3NPs.

2- The relation was exothermic between reaction temperature and polymerization time. It was
found that adding Fe,O3 NPs to the aniline before polymerization raises the temperature of the
reaction and accelerates the process of polymerization.

3- In vivo application show, no adverse effects on fertility indicators were observed in mice
exposed to PANI-Cys. The body weight development were not affected by the PANI-Cys
used, and no exposure-related differences were observed in sperm counts or sperm head
abnormalities. While we noticed obvious side effects on sperm movement, deformation and
other abnormalities in the sperm in PANI-Fe,O3-Cys. Increased sperm motility is an
interesting finding that needs to be confirmed in further studies.

4- In terms of the effect of the alternating magnetic field (AMF), it was found that it has a
clear effect on the work of the material PANI-Fe,O3-Cys and PAN-Cys.
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