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ABSTRACT
Objective: Excessive oxidative stress is implicated in spleen injury. Platelet-rich plasma (PRP) and quercetin (QUR) have been shown to protect
cells against oxidative stress. This study was designed to investigate their effect on dimethyl nitrosamine (DMN) induced spleen injury in male rats.
Methods: Forty male Wistar rats were divided into four groups; Group (1): Negative control group (Con), Group (2): DMN group, DMN was given
intraperitonealy at a dose of 4 mg/kg b. wt/day for four weeks for sub-chronic injury of spleen tissue, Group (3): DMN+PRP, rats were injected
intraperitonealy with DMN at a dose of 4 mg/kg b. wt/day for four weeks then treated i. v. by single dose 50 μL of PRP, then left for a period of four
weeks without any treatments, Group(4): DMN+QUR, rats received intraperitonealy DMN at a dose of 4 mg/kg b. wt/day for four weeks, then
treated with quercetin orally at a dose of 50 mg/kg b. wt. in aqueous suspension daily using an intragastric tube for four weeks.
Results: DMN inoculation resulted in significant elevations of oxidative stress, as evidenced by the increased malondialdehyde, hydrogen peroxide
and xanthine oxidase levels associated with a significant decrease in Superoxide dismutase and catalase activities in the spleen tissue as compared
to the normal control group. Moreover, DMN caused an up-regulation in the values of the splenic C-reactive protein (CRP), interleuckin-6 (IL-6),
nuclear factor kappa B (NF-κB), leukotriene-C4 (LT-C4), P53 and Fas levels with a significant decline in anti-apoptotic protein B-cell lymphoma 2
level as compared to the normal control group. PRP and QUR significantly attenuated the DMN-evoked spleen oxidative stress and modulated the
activities of antioxidant enzymes as compared to DMN group. In addition, treatment of DMN group with PRP or QUR resulted in an improvement in
CRP, IL-6, NF-κB, LT-C4, P53 and Fas levels as compared to DMN group. Caspase-3 expression was positive in DMN group while no difference was
present in control, PRP and Quercetin groups. However, the VEGF immunopositive reaction was found in DMN, PRP and Quercetin groups compared
to control group. Histopathological results showed degeneration, haemorrhage, inflammatory cells and necrotoic areas in splenic tissue from DMN
group compared to the treated groups where signs of recovery were observed in the whole splenic tissue.
Conclusion: These data suggest that PRP and QUR protect rat spleen from DMN-induced oxidative stress, probably via their antioxidant activity,
anti-inflammatory and anti-apoptotic effects. So, PRP and QUR are promising pharmacological agents for preventing the potential spleen injury of
DMN following occupational or environmental exposures.
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INTRODUCTION
Dimethylnitrosamine (DMN) could be formed during food processing,
preservation, and/or preparation from precursor compounds already
present in, or added to, the specific food items and causes acute and
sub-chronic hepatotoxic and nephron-toxicity effects [1-3]. There are
interactions between the existence of N-nitrosamines and different
forms of cancer in several organs [4]. Intraperitoneal injection with 50
and 100 mg kg−1 DMN one time declines the proportion of
polychromatic erythrocytes that can produce spleen toxicity [5].
Various biological processes involving oxidative stress, apoptosis and
inflammation related to DMN induction have been found [6], which
can be controlled by various pathways.
Reactive oxygen species (ROS) are detrimental to cells, primarily
due to the damaging effect they exert on lipids, proteins and nucleic
acids, which lead to structural and functional destruction [7, 8]. ROS
give rise to liver destruction via lipid peroxidation, causing
suppression of mitochondrial and peroxisomal b-oxidation enzymes,
leading in turn to an accumulation of fatty acids in the hepatocytes,
causing hepatic steatosis [9]. Various interventions have been
recommended to counteract the effects of ROS by boosting the
antioxidant defense systems.
Spleen is responsible for safeguarding the body from invading
pathogens and is crucial for adaptive reactions to inflammation [10].

It has very vital functions, which can quickly induce T or B
lymphocyte-mediated immune responses. Blood transferred
antigens have more direct access to the splenic lymphatic tissue
than other lymphatic organs due to its open type circulation.
Furthermore, the splenic red pulp has a purifying function for the
blood that removes the elderly or abnormal erythrocytes or
microorganisms [10].
In vivo, organ restoration can be achieved by embryonic or adult
stem cells inoculation, or by transporting factors that will improve
the healing processes of the organ itself. Within the last decade,
numerous efforts have been produced regarding the development of
a method for efficient growth factors (GFs) delivery in vivo to initiate
cellular repair and tissue regeneration [11]. Platelet-rich plasma
(PRP) is an autologous preparation of platelets in intense plasma
which contains fundamental amounts of GFs, for example, vascular
endothelial growth factor (VEGF), transforming growth factor-beta 1
(TGF-β1), hepatocyte growth factor (HGF), platelet-derived growth
factor (PDGF), epidermal growth factor (EGF) and insulin-like
growth factor-1 (IGF-1) [12]. The major advantage of PRP over more
methods of administering GFs is that it is an inexpensive product,
easy to obtain, and there is no risk of rejection or immune reaction
because of its autologous preparation. Likewise, PRP containing
leukocytes was explained to have an antimicrobial activity, which
suggests a low risk of infection [13, 14]. Many GFs released by PRP
are recognized to play a key role in angiogenesis and tissue
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regeneration by managing cell migration,
proliferation and physiological functions [15, 16].

differentiation,

Antioxidants are scavengers as they prevent cell and tissue damage
resulted from reactive oxygen species (ROS) liberated from cellular
damage and disease [17]. Quercetin (QUR), as the bioactive phenolic
compound in fruits and vegetables, is widely recognized having
potential biological properties in mammals, such as antiinflammation and anti-oxidation [18]. QUR is a plant-derived
aglycone type of flavonoid glycosides, which performs an essential
role in disease inhibition, such as cancer and cardiovascular diseases
[19]. Bureau et al. [20] stated that quercetin could inhibit the mRNA
levels of TNF-α and interleukin (IL)-1α, leading to the reduction of
neuronal apoptosis. It has been reported that quercetin has anticancer [21], disease resistance [22] and anti-obesity effects [23].
Mouria et al. [24] demonstrated that QUR could reduce the growth
of pancreatic cancer and stimulate apoptosis through different
interactions. Paolillo et al. [25] exhibited that QUR could lessen NO
manufacture, cell apoptosis, and has the possibility to treat
Salmonella enterica serovar Typhimurium and additional bacterial
diseases.
The present study was undertaken to elucidate the antioxidant
property of PRP and QUR against DMN-induced splenic toxicity in
male Wistar rats along with the expression of lipid peroxidation,
antioxidant enzymes, inflammatory, apoptotic and antiapoptotic
markers associated with immune-histochemical and histopathological changes of the spleen in male rats.
MATERIALS AND METHODS
Chemicals and drugs
DMN was provided by Misr Company for Pharmaceutical Industries,
Cairo, Egypt. QUR was purchased from Sigma Chemical Co., USA. All
other reagents and chemicals used for analysis met the quality
criteria in accordance with international standards.
Treatment
DMN was given intraperitonealy at a dose of 4 mg/kg b. wt/day in
isotonic saline as Rao, [26]. QUR was administered orally at a dose of
50 mg/kg b. wt. in aqueous suspension daily using an intragastric
tube for four weeks [27].
Preparation of platelet-rich plasma (PRP)
Blood was collected by cardiac puncture from 8 normal control rats
and stored in tubes with sodium citrate anticoagulant [28]. The
procedure was conducted in sterile conditions to prevent platelets
to lose their ability to secrete growth factors. Tubes with collected
blood samples were centrifuged at 900 rpm for 10 min to separate
red, white, and platelet cells [29]. The upper portion of the
supernatant, up to the edge of the fog zone that corresponds to
plasma and platelets, was collected into new tubes [30]. These tubes
were centrifuged at 1800 rpm for 10 min [31]; about 50% of the
plasma portion was removed and stored in another tube (portion
considered as plasma poor in platelets, PPP). The remaining
material containing the platelet pellet was resuspended, originating
the PRP portion [30]. PPP presented 733,000 platelets/μl; PRP
presented 2,300,000 platelets/μl and was considered suitable for
the purpose of the study [31].
Injection of PRP
Rats were injected intraperitoneally by single dose 50 μl of PRP [32, 33].
Animals and experimental model
Animal procedures were performed in accordance with the
declaration of Helsinki and the guidelines for the care and use of
experimental animals established by the Committee for the purpose
of Control and Supervision of Experiments on Animals (CPCSEA) and
the National Institutes of Health (NIH) protocol (registration
number: 13/165).
This work was achieved in the Biology laboratory of Zoology
Department-Faculty of Women for Arts, Science and Education, Ain
Shams University, Egypt.

This study was carried out on 40 male Wistar strain rats, weighing
(150-200 gm). Rats were maintained at the well-controlled animal
house under the following conditions: 25 °C±2 °C, 60% relative
humidity, 12 Light: 12 Dark photocycle and pathogen-free conditions.
The animals were allowed free access to water and were fed a semipurified diet that contained (g/kg): 100 g casein, 750 g sucrose, 50 g
cellulose, 50 g fat blends, 10 g vitamin mix, and 40g mineral. One week
before the start of the experiment, rats were acclimatized. The animals
were randomly divided into four experimental groups (n=10)
according to the following experimental protocol: Control group: Rats
received the vehicle (saline) in which the drugs were dissolved in a
manner similar to the treated groups (Con), Dimethyl nitrosamine
group: DMN was given intraperitoneally at a dose of 4 mg/kg b.
wt/day for four weeks for sub-chronic injury of spleen tissue (DMN),
Dimethylnitrosamine+platelet-rich plasma: Rats were injected
intraperitoneally with DMN at a dose of 4 mg/kg b. wt/day for four
weeks then treated i. v. by single dose 50 μL of PRP then left for a
period of four weeks without any treatments (DMN+PRP) and
Dimethylnitrosamine+Quercetin: Rats received intraperitoneally a
DMN at a dose of 4 mg/kg b. wt/day for four weeks then treated with
quercetin orally at a dose of 50 mg/kg b. wt. in aqueous suspension
daily using an intragastric tube for four weeks (DMN+QUR).
Sample collection
Blood samples were collected by the method of Boussarie, [34], then,
serum was collected for different biochemical analyses.
Tissue preparation
At the end of the experimental period, Spleen tissue (about 0.25 g) was
used for the determination of biochemical parameters. Tissue was
perfused with a 50 mmol sodium phosphate buffer saline (100 mmol
Na2HPO4/NaH2PO4) (pH 7.4) and 0.1 m ethylenediaminetetraacetic
acid (EDTA) in situ. Tissues were homogenized in 5 ml cold buffer per
gram tissue and centrifuged for half an hour at 2700 × g. The
supernatant was stored at-20 °C for different biochemical
determinations.
Biochemical determinations
Splenic total protein level was determined by the colorimetric
method of Lowry et al. [35].
Oxidative stress markers
Splenic malondialdehyde (MDA), Hydrogen peroxide (H2O2)
contents were determined by colorimetric methods using Bio
diagnostic kit (Egypt) following the methods of Satoh, [36] and Aebi,
[37] respectively.
Determination the enzymatic antioxidants activities
Xanthine oxidase (XO) content was assayed by colorimetric methods
using the Sigma-aldrich kit (USA) according to the manufacturer’s
instructions. Superoxide dismutase (SOD) and catalase (CAT)
activities were determined by colorimetric methods using Bio
diagnostic kit (Egypt) following the methods of Nishikimi et al. [38]
and Fossati et al. [39] respectively.
Inflammation and tumor markers
Serum C-reactive protein (CRP) level was determined by CRP-HS II LT
(Latex Turbidimetric Immunoassay) kit purchased from Wako
Chemicals GmbH, according to Whicher, [40]. Splenic interleukin-6 (IL6) and nuclear factor kappa B (NF-κB) levels were estimated using ELISA
technique using kit purchased from Uscn life science Inc., (USA)
according to manufacturer's instruction. Leukotriene C4 (LT-C4) content
was determined by Rat LT-C4 ELISA Kit purchased from MyBioSource
Co. California, San Diego (USA), according to manufacturer's instruction.
Evaluation of apoptosis
Splenic P53 content was assayed by the ELISA technique according
to the manufacturer's instruction of ELISA kit of rat p53 purchased
from Glory Science Co., Ltd, USA. Fas level in the spleen was assayed
by ELISA according to the method of Massaia et al. [41] by using
ELISA kit purchased from Bioscience Co., Vienna, Austria, Europe. Bcell lymphoma 2 (Bcl2) level in the spleen tissue was estimated by
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ELISA technique by using ELISA kit purchased from Glory Science
Co., Ltd, USA, according to manufacturer's instruction.
Immunohistochemical Investigation
For immunohistochemical analyses, 5 μ thick sections of splenic tissue
were used for the activated Caspase-3 detection system (Biovision
activated Caspase-3 [1:100] and Bcl-2 [1:100]). In brief, the
deparaffinization procedure was accomplished in Xylene and hydration
was done. After immersion in distilled water, sections were washed in
PBS and exposed to microwave radiation at 500 W in citrate buffer (10
mmol, pH 6.0) for antigen retrieval. Then the primary antibody was
applied in an incubator at 4 °C overnight then washed with PBS. Then,
the biotinylated secondary antibody was applied, washed with PBS
before incubating with the enzyme conjugate and 3,3-diaminobenzidine
tetrahydrochloride. The whole procedure was finished after staining the
sections with Mayer's hematoxylin [42].
Also, for vascular endothelial growth factor, samples were taken
from the spleen tissue of rats of the different groups and fixed in
10% formalin saline washed, dehydrated and then cleared and
embedded in parafin. Sections were then cut into 5 μ thick by sledge
microtome then fixed on positive slides. Slides were placed in a
coplin jar filled with 200 ml of triology working solution (Cell
Marque, CA-USA, Cat. #920P-04), which combines the three
pretreatment steps: deparaffinization, rehydration and antigen
unmasking. Then, the jar was securely positioned in the autoclave.
Sections were then washed and immersed in Tris-buffer saline (TBS)
to adjust the pH and these were repeated between each step of the
IHC procedure. Quenching endogenous peroxidase activity was
performed by immersing slides in 3% hydrogen peroxide. Broadspectrum LAB-SA detection system (Invitrogen, Cat. #85-8943) was
used to visualize any antigen-antibody reaction in the tissue.
Background staining was blocked by putting 3 drops of 10% goat
non-immune serum blocker on each slide and incubating them in a
humidity chamber. Without washing, excess serum was drained,
three drops of vascular endothelial growth factor (VEGF) rabbit
polyclonal antibody (Thermo Scientific, USA, Cat. #RB-222-R7) were
applied and slides were incubated in the humidity chamber
overnight. Henceforward, a biotinylated secondary antibody from
ultravision detection system anti-polyvalent HRP/DAB (Thermo

Scientific, Cat. #TP-015-HD) was applied on each slide, followed by
incubation with the streptavidin HRP enzyme conjugate (Thermo
Scientific, Cat. #TP-015-HD). Then, 3,3 ́-diaminobenzidine (DAB)
chromogen (Thermo Scientific, Cat. #TP-015-HD) was prepared and 3
drops were applied on each slide. DAB was rinsed, after which
counterstaining with Mayer hematoxylin and coverslipping were
performed as the final steps before slides were examined under the
light microscope [42].
Histopathological examination
The Paraffin wax tissue blocks prepared for immunohistochemical
investigation were used for histopathological examination after
sectioning by sledge microtome into 5μm thick. The obtained tissue
sections were collected on glass slides and stained with
hematoxylin-eosin (H and E). Then, the slides were examined under
the light microscope [43].
Statistical analysis
All results of the present study were expressed as mean±S. E. of the
mean. The statistical Package for the Social Sciences (SPSS) program,
version 19.0 was used to compare the significance between each two
groups. The difference was considered significant when P ˂0.05.
Percentage difference representing the percent of variation with
respect to the corresponding control group was calculated according
to the following formula:

RESULTS
Administration of DMN caused a significant increment (P<0.05) in
the splenic levels of MDA, XO and H2O2 associated with significant
depletion (P<0.05) in the SOD and CAT activities in spleen tissue as
compared to the normal control group (table 1). Treatment of DMN
rats with PRP or QUR had restored MDA, XO, H2O2, SOD and CAT
levels significantly (p<0.05) compared to DMN group. Interestingly,
no significant alteration was detected (p˃0.05) in splenic MDA, XO,
H2O2, SOD and CAT between PRP and QUR-treated groups (table 1).

Table 1: Effect of PRP or QUR on some oxidative stress and antioxidant parameters in spleen tissue of male rats treated with dimethylnitrosamine
Parameters
Groups
Con
DMN
DMN+PRP
DMN+QUR

MDA
ng/mg protein
65.31±9.81
185.62±15.35a
a(184.21%)
78.91±8.69ab
a(20.82%)
b(-57.49%)
89.21±10.92ab
a(36.59%)
b(-51.94%)

XO
U/gm protein
12.09±3.62
36.54±8.22a
a(202.23%)
18.33±4.66ab
a(51.61%)
b(-49.83%)
22.64±6.11ab
a(87.26%)
b(-38.04%)

H2O2
μg/mg protein
1.21±0.12
4.53±0.35a
a(274.38%)
1.56±0.19ab
a(28.92%)
b(-65.56%)
1.89±0.21ab
a(56.19%)
b(-58.27%)

SOD
mg/mg protein
16.88±3.56
7.62±0.84a
a(-54.86%)
14.31±2.31ab
a(-15.23%)
b(87.79%)
11.61±2.62ab
a(-31.22%)
b(52.36%)

CAT
U/gm protein
4.21±0.36
1.51±0.18a
a(-64.13%)
3.13±0.38ab
a(-25.65%)
b(107.28%)
2.62±0.25ab
a(-37.77%)
b(73.51%)

Data are represented as mean±SE of 8 rats/group., a: Significant change at P<0.05 in comparison with the normal control group, b: Significant
change at P<0.05 in comparison with DMN group.
Data presented in table (2) showed that the treatment of rats with
DMN caused a significant elevation (P<0.05) in the levels CRP, IL-6,
NFKB and LTC-4 as compared to the normal control group. On the
other hand, the concurrent administration of PRP or QUR to the rats

treated with DMN significantly (p<0.05) decreased the levels of CRP,
IL-6, NFKB and LTC-4 as compared to the DMN group. Again, no
significant alteration was detected (p˃0.05) in splenic CRP, IL-6,
NFKB and LTC-4 between PRP and QUR-treated groups (table 2).

Table 2: Effect of PRP or QUR on some inflammatory parameters in spleen tissue of male rats treated with dimethylnitrosamine
Parameters
Groups
Con
DMN
DMN+PRP
DMN+QUR

CRP
mg/l
2.32±0.24
5.82±0.43a
a(150.86%)
2.91±0.32ab
a(25.43%)
b(-50.00%)
3.27±0.32ab
a(40.95%)
b(-43.81%)

IL-6
Pg/mg tissue
4.21±0.48
12.24±2.43a
a(190.74%)
5.53±0.83ab
a(31.35%)
b(-54.82%)
6.12±1.01ab
a(45.36%)
b(-50.00%)

NF-κB
Pg/mg tissue
7.32±1.31
16.25±2.13a
a(121.99%)
8.42±1.62ab
a(15.03%)
b(-48.18%)
9.15±1.74ab
a(25.00%)
b(-43.69%)

LT-C4
pg/mg tissue
661.40±29.21
1272.71±43.45a
a(92.43%)
755.63±30.22ab
a(14.25%)
b(-40.63%)
781.23±29.51ab
a(18.12%)
b(-38.62%)

Data are represented as mean±SE of 8 rats/group., a: Significant change at P<0.05 in comparison with the normal control group, b: Significant
change at P<0.05 in comparison with DMN group.
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the DMN rats with PRP or QUR resulted in a significant reduction
(P<0.05) in the levels of P53 and Bax accompanied by significant
increase (P<0.05) in the Bcl2 level as compared to DMN-treated group.
No significant alteration was detected (p˃0.05) in splenic P53, Fas and
Bcl2 between PRP and QUR-treated groups (table 3).

Table 3 represents the levels of P53, Fas as an index of apoptosis and
Bcl2 as an antiapoptotic marker in control and treated rats. It was found
that P53 and Fas levels in DMN-treated rats were significantly increased
(P<0.05) associated with a significant reduction (P<0.05) in Bcl2 level in
spleen tissues as compared to the normal control group. Treatment of

Table 3: Effect of PRP or QUR on apoptotic, proapoptotic and antiapoptotic markers in spleen tissue of male rats treated with dimethyl
nitrosamine
Parameters
Groups
Con
DMN
DMN+PRP
DMN+QUR

P53
Pg/mg protein
48.32±5.32
85.61±7.64a
a(77.17%)
57.05±6.11ab
a(18.06%)
b(-33.36%)
68.25±6.90ab
a(41.24%)
b(-20.28%)

Fas
ng/mg protein
1.42±0.24
4.32±0.43a
a(204.23%)
1.91±0.22ab
a(34.51%)
b(-55.79%)
2.27±0.32ab
a(59.86%)
b(-47.45%)

Bcl2
ng/mg protein
0.95±0.08
0.24±0.02a
a(-74.74%)
0.72±0.06ab
a(-24.21%)
b(200.00%)
0.59±0.03ab
a(-37.89%)
b(145.83%)

Data are represented as mean±SE of 8 rats/group., a: Significant change at P<0.05 in comparison with the normal control group, b: Significant
change at P<0.05 in comparison with DMN group.
Optical micrograph for immunohistochemical staining of negative
control spleen tissue using an antibody against VEGF showed
positive immunoreaction for VEGF (fig. 2a). Optical micrograph for
immunohistochemical staining of DMN group showed negative
immunoreaction for VEGF in splenic tissue (fig. 2b). Furthermore, an
optical micrograph for immunohistochemical staining of splenic
tissue sections of PRP or those administered orally with Qeurcetin
showed positive immunoreaction for VEGF in splenic tissue (fig. 2c
and 2d respectively).

Immunohistochemical investigations
Immunohistochemical determination of the antibody specific for
activated caspase-3 of the Control group showed negative results
(fig. 1a) compared to the DMN group, as the activated caspase-3 was
present in the cytoplasm of cells with morphology consistent with
apoptosis (fig. 1b). While the groups injected with PRP and those
administered orally with Qeurcetin showed negative results (fig. 1c
and fig. 1d respectively).

(a)

(b)

(d)

(c)

Fig. 1(a-d): Immunohistochemical determination of the antibody specific for activated caspase-3 in splenic tissue, (a) Normal control
showed a negative reaction, (b) DMN group showed a positive reaction, (c) PRP group showed negative reaction and (d) Qeurcetin group
showed negative reaction (a-d X100)

(a)

(b)

(C)

(d)

Fig. 2(a-d): Immunohistochemical determination using antibody against VEGF in splenic tissue, (a) Normal control showed positive
reaction, (b) DMN group showed negative reaction, (c) PRP group showed positive reaction and (d) Qeurcetin group showed positive
reaction (a-d X100)
Histopathological studies
Histological examination of the spleen from the normal control
group revealed normal histological architecture as shown in fig. 3a.
Spleen tissue from rats from DMN group revealed deviation from
normality. Deviations were detected on both macroscopical and
microscopical levels. Macroscopical changes were observed in the
form of enlargement in the size of an organ after four weeks.

Histological examination was characterized by early degenerative
changes in the white pulp (fig. 3b) and hemorrhage in blood
sinusoids (fig. 3c). Dilated blood vessels with the stagnation of blood
and thickened trabecular walls that were lined by inflammatory cells
were also a prominent feature (fig. 3d). In addition, hyaline material
within congested sinusoids was realized with an aggregation of
deeply stained lymphocytes within the red pulp (fig 3e). Moreover,
enlargement in the Malpighian bodies, harboring deeply stained
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lymphocytes encircled by a narrow band of paler stained epithelial
cells were also noticed. Necrotic areas were evident along with the
whole splenic tissue and haemorrhagic changes were also
prominent where red blood cells invaded sinusoidal spaces (fig. 3f).
Spleen tissue of animals of the group injected with PRP manifested
slight damage as designated by degeneration in the white pulps. Signs
of recovery were inspected in some areas. This was represented in the

reappearance of well-observed malpighian corpuscles (fig. 3g), which
seemed similar to normal architecture. The spleen appeared to
partially regain its splenic architecture (fig. 3g).
As QUR was orally administrated to DMN group, mild signs of
recovery appeared as the degenerative changes in the white pulp
and hemorrhage in blood sinusoids still appeared and red blood
cells appeared in the sinousoidal spaces (fig. 3h).

Fig. 3(a- h): Histological examination of spleen (H & E.), (a) Normal control group showing normal spleen architecture (X100), (b-f) DMN
group showing: (b) degenerative changes with loss of contour of white pulp (X100); (c) haemorrhage in blood sinusoids (X100); (d)
Dilated blood vessels with stagnation of blood and thickened trabecular walls lined by inflammatory cells (X400); (e) hyaline material
within congested sinusoids and aggregation of deeply stained lymphocytes within the red pulp (X400) and (f) Necrotic areas along whole
splenic tissue and red blood cells invaded sinusoidal spaces (X400). (g) PRP injected to DMN group showing reappearance of wellobserved malpighian corpusles (X100). (h) QUR administrated to DMN group showing haemorrhage and red blood cells in blood
sinusoids (X400).
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DISCUSSION
In the present work, the protective effects of PRP or QUR against
DMN-induced acute spleen injury in rats were investigated, and the
results showed that they significantly improved DMN-induced acute
spleen injury, which indicated that PRP or QUR may be potent
candidates for the treatment of toxin-induced acute spleen injury.
The spleen is essential for initiating immune responses by white
pulp (the marginal zone) and the red pulp (vascular organization,
and cellular composition) [44].
The current study documented that the administration of DMN
considerably increased splenic MDA, XO and H2O2 values, whereas
it revealed a significant decrease in SOD and CAT activities versus
the normal control group. It is evident that DMN produced
prooxidative activity that could be due to its capability to generate
excessive ROS and reactive nitrogen species (RNS) accumulation
[45]. The relationship between expanded free radical-mediated
reactions and pathological states were detected by Liu et al. [46].
The oxidative stress supported by increasing the free-radical
mediated reactions, by HO. and RO. could cause oxidation for various
macromolecules of the cell [47]. Ever-increasing the lipid
peroxidation as the impact of DMN may be linked to the elevation of
H2O2 concentration in spleen homogenates. This could cause
disruptions in cell integrity.
SOD and CAT enzymes constitute cooperative encouraging
enzymes that provide a defense against ROS. SOD establishes an
essential role in the biological defense system through the
dismutation of endogenous cytotoxic superoxide radicals to H2O2
and O2, which produces damage to polyunsaturated fatty acids and
proteins [48]. DMN administration to rats induces free radical
production and therefore, the first line defense comes to the
rescue as shown by the significant reduction in SOD in DMNanimals. Moreover, the drop-in CAT activity to remove H2O2, which
could be converted to toxic hydroxyl radicals that may contribute
to oxidative stress due to DMN, also occurs. Deterioration in the
activities of these enzymes could be due to their inactivation by
excess ROS production.
Meanwhile, CAT protects SOD against inactivation by H2O2.
Complementary, SOD protects CAT against superoxide anion. The
role of H2O2 in ROS generation has been noticed in other studies [49,
48]. This result is in line with the report of Cheeseman and Slater
[50]. Thus, the balance among these enzymes is essential to dislodge
superoxide anion and peroxides generated in the spleen. The
diminution in the activities of these enzymes and rise in the lipid
peroxidation level could indicate the opposing effects of DMN on the
balanced antioxidant system in the spleen, a result that could lead to
impaired immune functions. Free radicals initially increase due to
the induction of DMN as the levels of H2O2 and MDA increased as
well as the activity of XO. Lipid peroxidation is linked with wide
toxic effects, including decreased membrane fluidity and function,
impaired functions of the mitochondria and Golgi apparatus and
inhibition of enzymes.
PRP treatment markedly succeeded to reduce the levels of lipid
peroxidation products alongside with XO and H2O2 contents.
Accordingly, it significantly increased the splenic activities of SOD and
CAT enzymes, which indirectly indicates the significant decline in lipid
peroxidation. These findings are in accordance with those of Hesami et
al. [51] who found that the treatment of rats with PRP five weeks after
CCl4-induced toxicity led to the reduction of hepatotoxicity probably
due to lipid peroxidation inhibition and effective recovery of the
antioxidant defense system. Additionally, Martins et al. [52] detected
an improvement of the enzymatic and non-enzymatic antioxidant
levels upon the healing of skeletal muscle injuries using PRP. In
addition, a study by Bakacak et al. [32] stated that intraperitoneal PRP
treatment lessened total oxidant status and oxidative stress index in
ischemia and ischemia/reperfusion injury in rat ovary. It has been
revealed that PRP may prevent oxidative damage via the stimulation of
the transcription factor nuclear factor erythroid 2-related factor
2(Nrf2) antioxidant response element signaling [53]. Moreover,
numerous GFs released from PRP can trigger cell activation and
activate related signal paths, including the phosphatidylinositol-3
kinase (PI3K)/Akt pathway, which can lessen ROS production and
raise the level of resistance to oxidation [54-56].

On the other hand, QUR supplementation significantly enhanced the
oxidative stress in this study. QUR are naturally occurring
therapeutic molecules that species can inhibit reactive oxygen and
safeguard from pro-oxidative impairment and treat diseases caused
by oxidative stress [57, 58]. Kaindl et al. [57] stated that QUR was
highly effective in protecting against nutrition induced oxidative
stress damage.
Inflammation plays an essential role in DMN-induced acute spleen
injury. ROS generated by DMN not only directly causes spleen injury
but also introduces inflammation [59]. NF-κB is a functional nuclear
receptor that mediates cell survival and differentiation, and
inflammatory reaction [60]. Hence, inhibition of NF-κB expression in
spleen tissue attributes to attenuating inflammatory-induced
cytotoxicity and mitigates spleen lesions. Present data represented
that splenic NF-κB level was abnormally expressed with a
concomitant increase in serious concentrations of CRP, IL-6 and LTC4 revealing that DMN treated rats organically induced
inflammatory recruitment with a series of lesions.
In this work, DMN rats treated with PRP or QUR significantly downregulated the levels of NF-Κb, CRP, IL-6 and LT-C4 as compared to
the DMN group. PRP was notably able to ameliorate these
alterations, possibly via its anti-inflammatory activity. Preceding
studies support this hypothesis where PRP was stated to raise the
intracellular expression of the anti-inflammatory mediators (IL-4,
IL-10, and IL-13) known to play the main role in inhibiting
inflammation; the anti-inflammatory role of PRP had been
determined due to the presence of hepatocyte growth factor (HGF)
[61]. Furthermore, the possibility that QUR can regulate NF-kB
activity and inhibit inflammatory cytokine expression reducing
inflammatory reactions in different systems, has been largely
explored in the literature [62-64]. Similar findings have been
observed in vivo in other animal models of inflammation [65,66] and
in agreement with previous data obtained in vitro [67, 68]. Even
though the molecular mechanisms implicated in the suppressive
effects of flavonoids on NF-kB are still not clear, numerous
hypotheses can be suggested. One of the recommended mechanisms
is the direct inhibition of the intracellular signaling pathways
leading to the activation of NF-kB. QUR can significantly reduce
phosphorylation and degradation of inhibitor of kBa (IkBa) and the
nuclear level of NFkB [69, 65]. Based on these observations, one
might assume that QUR inhibits inflammatory responses, including
the production of inflammatory cytokines and activity of OX, mainly
through the suppression of NF-kB activation.
It is well known that p53 is a well-established sensor for DNA
damage and cell death [70], which can promote apoptosis by
regulating the levels of some apoptotic proteins including caspase-9,
casepase-3and Bcl-2 family [71], in which Bcl-2 family plays an
important role to regulate mitochondrial signal pathway [72]. Fas
and some proapototic proteins can promote cell apoptosis, but Bcl-2
can inhibit apoptosis [73]. Furthermore, Fas/FasL is the upstream
regulator of caspase 3. In the present work, DMN treatment
significantly increased the levels of P53 and Fas and decreased the
Bcl2 level as compared to the normal control group. These findings
are in agreement with Zhang et al. [74] who recorded that DMN
administration to induce acute liver injury in rats resulted in a
significant increase in the expression levels of FasL, Fas, p53,
Caspase-3/9, and downregulated Bcl-2 level through increasing
Interferon regulatory factor 9 (IRF9) level in apoptosis.
Otherwise, PRP or QUR treatments significantly decreased the levels
of p53, Fas and increased the level of Bcl-2 as compared to DMN
group. This concurs with the results of Moussa et al. [61] who
noticed that PRP significantly diminished the mRNA level of Bcl-2associated death promoter (BAD) and caspase-3 and increased the
mRNA level of Bcl-2 in human chondrocytes. Moreover, Salem et al.
[75] demonstrated a significant elevation in the levels of the antiapoptotic Bcl-2 marker following PRP infusion in the liver of
dimethyl nitrosourea-intoxicated rats compared to their
corresponding controls. The mechanism of action of PRP can be
implied by the impact of its abundant content of (growth factors)
GFs. GFs and the adhesive glycoproteins produced from the
activated platelets interact with the cells by binding to their specific
cellular membrane receptors. After that, they activate intracellular
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procedures that stimulate cell proliferation, migration, and survival
[76]. The complex downstream interactions of GFs present in PRP
that has been described as anti-apoptotic factors were established.
Hepatocyte growth factor (HGF), epidermal growth factor (EGF) and
the binding of insulin-like growth factor (IGF), to their cell-surface
receptor seems to promote the survival of tubular cells by inhibiting
apoptosis via activating the extracellular signal-regulated kinase
(ERK)/mitogen-activated protein kinase (MAPK) or PI3K/Akt
signaling pathway and modulating Bcl-2 family protein expression
[77-79]. Moreover, increased apoptosis was due to an increase in
oxidative stress and inflammation [74]. In the view that quercetin
reduces oxidative stress and inflammation, therefore apoptosis
levels in the spleen tissue were also reduced.
DMN administration causes severe damage to splenic tissue [80], in
the concurrent study PRP exhibited signs of recovery in some areas.
Platelets release many bioactive proteins responsible for attracting
macrophages and mesenchymal stem cells, which not only promotes
the removal of necrotic tissue but also enhances tissue regeneration
and healing [81]. QUR also showed restorative effects in the red and
white pulps of the splenic tissue. Previous studies showed that
quercetin had anti-inflammatory effects [82]. The antioxidant
properties of quercetin could exert a beneficial effect in
inflammation as has previously been described [83].
CONCLUSION

8.
9.
10.
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12.
13.

14.

15.

16.

In conclusion, the present work demonstrated that PRP and QUR
markedly attenuated DMN-induced acute spleen injury through
attenuating oxidative stress, suppressing inflammation and
inhibiting apoptosis associated with an improvement in
immunohistochemical markers which were confirmed by
histological examination. Present findings suggest that PRP and QUR
should be considered as two potent candidates for attenuating toxininduced acute spleen injury in the future.
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