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ABSTRACT
Background: Liver cirrhosis is an important lethal health problem all over the world. Liver transplantation is the first efficient
treatment. Unfortunately, it is limited due to many obstacles. Therefore, alternative treatments are required for cirrhosis.
Platelet rich plasma (PRP) is a challenging measure for treatment of cirrhosis.
Aim of the Work: To assess the effect of PRP on experimentally induced liver fibrosis in albino rats.
Material and Methods: Twenty-four adult female rats were included in this study. They were divided into three groups:
Group I: a control group and included 6 adult rats that received 0.5 ml of olive oil. Group II: consisted of 12 rats. They were
subdivided into subgroup IIA: it included 6 rats that received carbon tetrachloride (CCL4) for six weeks and were sacrificed
after the last injection for induction of fibrosis, subgroup IIB: it included 6 rats that were left for spontaneous recovery for four
weeks after the last CCL4 injection. Group III: it consisted of 6 rats that were subjected to fibrosis then they received PRP (1
ml\kg) twice weekly for four weeks and then were sacrificed. Liver specimens were prepared for histological and immune-
histochemical techniques. Morphometrical and statistical studies were done.
Results: CCL4 injection resulted in multiple injuries in hepatocytes including vacuolations in the cytoplasm and pyknotic
nuclei. In addition, it resulted in hepatic fibrosis especially surrounding the central vein and portal areas. Treatment by PRP
resulted in an obvious histological improvement in hepatic structure including apparently normal liver cells with acidophilic
cytoplasm and vesicular nuclei and significant decrease (P<0.05) in hepatic fibrosis. Unfortunately, few areas in the field of
hepatic tissue were not improved. There was significant increase in the mean number of Proliferating Cell Nuclear Antigen
(PCNA).
Conclusion: PRP could be an adjuvant treatment for hepatic fibrosis which needs more investigations.
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INTRODUCTION The influence of platelet on hepatic proliferation
and regeneration was originally recorded by Lesurtel
et al.,in (2006) who recommended that platelet serotoninf!
is very essential for the process of hepatic regeneration.
Platelet rich plasma (PRP) provides a developing arca
for researchers and clinicians. Platelets contain numerous
growth factors (GFs). For example, transforming growth
factor (TGF), vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), epidermal growth
factor (EGF) and insulin like growth factor (IGF)®.
Nevertheless, there are few researches on the role of PRP
in hepatic regeneration in rats which could not reveal the
association between platelets and liver regeneration!..
Recently, with advances in PRP devices and preparation
methods, PRP shows a promising patient outcome results
in many diseases and disorders!®.

Liver cirrhosis is an important, lethal and major
health problem all over the world. It is a severe type of
liver fibrosis occurring due to chronic hepatic damage!!.
Liver fibrosis may happen due to many etiologies such as
bilharziasis, alcohol intake, obesity, metabolic syndromes,
cholestasis, steatosis, viral infections and different
hepatic toxins®. About 64% of cirrhotic patients suffer
from thrombocytopenia® and occasionally cannot take
antiviral treatment by adequate doses of interferon for viral
hepatitis or therapeutic surgery for hepatic carcinoma.
Liver transplantation is the only efficient treatment
after failure of standard therapy. Unfortunately, liver
transplantation is limited by unavailability of donors, post-
surgical problems, organs rejection and very expensivel®.
Therefore, alternative treatments are required for treatment
of cirrhosis, and PRP is one of the challenging measures MATERIAL AND METHODS
for treatment of cirrhosis.

Carbon tetrachloride (CCL4) is a broadly used chemical Animals
for induction of fatty liver and liver fibrosis experimentally Twenty-four adult female rats aging five to six months,
in animalst'. of average weight (200gm) were included in this study.
Personal non-commercial use only. EJH copyright © 2021. All rights served DOI: 10.21608/ejh.2020.51054.1390

932



Abd Elzaher et. al.,

In addition, twenty young-weaned albino rats weighing
70-80 gm each, aging about one month, were used for PRP
preparation.

The rats were maintained at the Medical Research
Centre at Faculty of Medicine, Ain Shams University with
free access to water and food. They were housed in plastic
cages with mesh wire covers and were kept under suitable
circumstances of light, temperature and humidity.

The interventions were performed according to the
guidelines of Animal Care of the Scientific Research
Ethical Committee of the Faculty of Medicine, Ain Shams
University.

Experimental protocol

Rats were maintained for 7 days before starting the
experiment for acclimatization. Then they were divided
randomly into three main groups:

Group I: Control group: 6 rats received 0.5 ml of olive
oil intraperitoneal (vehicle of CCL4).

Group II: CCLA4 treated group: 12 rats for induction of
liver fibrosis and were subdivided into:

Subgroup IIA: received CCL4 by intraperitoneal
injection in dose of 0.5 mg/kg twice weekly!® for 6 weeks
then were sacrificed. (20 mgs of CCL4 were dissolved in
100 mls of olive oil. Each rat will receive 0.5 ml of the
solution twice weekly).

Subgroup 1IB: received CCL4 in the same dose and
route as subgroup I1A but were sacrificed 4 weeks after the
last injection.

Group III: treated group: 6 rats received CCL4 for
induction of fibrosis as in group II for 6 weeks then received
PRP injection subcutaneously in a dose of 1ml/kg 2 days
weekly for another 4 weeks and then were sacrificed.

Preparation of platelet rich plasma (PRP)!""

The blood (2 ml) was taken from the retro-orbital
artery of each animal and assembled into sodium citrate
containing tubes.

The samples underwent first centrifugation about 8
minutes.

The samples displayed 3 various density compartments,
the bottom was (RBCs), the middle was the buffy coat
(WBCs), and the top was plasma.

The plasma gave 3 different layers. The first top layer
was platelet poor plasma (PPP), the middle was platelet
average plasma (PAP) and the bottom was (PRP).

The I and the 2" were eliminated

The 3% was taken gently and underwent second
centrifugation about 5 minutes.

Then the 1% plasma layer was removed, and the 2™
one (PRP) was gathered for use to treat rats with induced
hepatic fibrosis.

Platelets were counted by the hematology analyzer
device (900,000-1,000,000 cells/uL).

All doses of PRP were freshly prepared and freshly
injected into the diseased rats.

Histological study

At the end of experiment, all rats were anesthetized by
ether, liver samples were collected. The samples were fixed
using10% formalin solution for preparation of paraffin
blocks. Paraffin sections of 5 um thick were obtained and
stained with H&E, Masson’s Trichrome stain for collagen
fibers!"'! and PCNA for proliferation assay''?. The primary
antibody used was monoclonal mouse anti-human antibody
and the secondary was biotinylated anti mouse antibody.

Morphometric study and Statistical analysis

LEICA Q win Image Analyzer, Histology Department
Faculty of Medicine Ain Shams University was used to
measure the Mean area percentage of collagen fibers in
Masson'’s trichrome stained sections (X20) and the mean
number of PCNA positive cells (X40). The parameters
were measured in five separate non overlapping fields
in five sections from each rat of five different rats of all
groups. Values were stated as mean + SD.

Statistical analysis was carried out with the SPSS
computer program (version 20) using ANOVA-one-way
analysis to compare means of all subgroups. Differences
were considered significant when the P value was < 0.05.

RESULTS

H & E stained sections

Examination of H & E stained sections of
(group 1) revealed that the liver appeared to be composed
of ill-defined hexagonal classic lobules. Each lobule was
traversed centrally by a central vein. The parenchyma of
these lobules was composed of liver cells (hepatocytes).
The hepatocytes appeared to be organized as branching
sheets which radiate from the central vein to the classic
hepatic lobules periphery. They were separated by hepatic
sinusoids, that were lined with flat endothelial cells. The
liver cells showed acidophilic granular cytoplasm with
single central rounded open-face nuclei and some of them
appeared binucleated (Figure 1a). At the periphery of the
classic hepatic lobules, portal areas were noticed. The
portal area was composed of branches of hepatic artery,
portal vein and bile duct (Figure 1b)

Examination of H and E stained histological sections of
the liver of rats that received CCL4 injections for six weeks
(subgroup IIA) revealed distorted hepatic architecture in
most of the fields, many hepatocytes were vacuolated.
They contained multiple, large cytoplasmic vacuoles and
densely stained nuclei (Figures 1c,1d). Dilated hepatic
blood sinusoids were found (Figure 1c). Congestion of the
blood vessels was also found in the blood vessels in the
portal areas. Mononuclear inflammatory infiltrate was seen
in-between the affected hepatocytes (Figure 1d).
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Examination of H and E stained histological sections of
rats livers that received CCL4 injections for six weeks and
sacrificed after another 4 weeks (subgroup I1IB) showed
loss of hepatic architecture and presence of regenerative
nodules of hepatocytes surrounded by fibrous tissue and
inflammatory infiltrate (Figures le,1f).

Examination of liver sections of (group III) showed
more or less normally appeared hepatic architecture
in many fields. Central vein (CV) was surrounded by
branched cords of liver cells with granular acidophilic
cytoplasm and open-face nuclei and separated with
hepatic blood sinusoids that were still congested, few
hepatocytes still showed small pyknotic nuclei (Figure 1g).
Hepatocytes in most of the fields showed marked decrease
in the vacuolations. Moreover, some portal areas appeared
with congested blood vessels and surounded with mild
inflammatory infiltrate (Figure 1h).

Masson’s trichrome-stained sections

Control group showed that the hepatic parenchyma was
supported by a stroma of very fine network of collagen.
Few collagen fibers were seen encircling the central
vein (Figure 2a) and in the portal areas (Figure 2b). The
mean area percentage of collagen fibers were (12.1+1.7,
Histogram 1).

Subgroup (ITA) exhibited increased amount of collagen
fibers deposition surrounding the central vein (Figure 2c)
and in the portal area (Figure 2d). The mean area percentage
of collagen was significantly increased comparing with the
control group (P<0.05), (43.7+6.7, Histogram 1).

Subgroup (IIB) showed more increase in collagen
fibers deposition surrounding regenerative liver nodules

Mean area percentage of collagen fibers
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Histogram 1: showing the mean area percentage of collagen fibers

(Figures 2e,2f). The mean collagen area percentage was
measured (82.5+ 4.6) which was significantly increased
(P<0.05) comparing with both control group and subgroup
ITA (Histogram 1).

Group III showed few collagen fibers surrounding the
central vein (Figure 2h) and in the portal tract (Figure 2i)
comparing with group IIA and group IIB. The mean area
percentage of collagen was measured (13.9+2.7) which
was significantly decreased (P<0.05) comparing with both
subgroups IIA and IIB and non-significantly increased
(Figure 2g) (P>0.05) comparing with control group
(Histogram 1).

C — Proliferating Cell Nuclear Antigen (PCNA)
positive cells

The control group by using streptavidin—biotin
immunoperoxidase technique for PCNA, revealed that
few liver cells showed positive brown PCNA reaction
(Figure 3a). The mean number of PCNA positive cells was
measured (6.1+1.5, Histogram 2)

Both subgroups IIA and IIB showed positive brown
PCNA reaction in few cells (Figures 3b,3¢). The mean
number of PCNA positive cells was measured (subgroup
ITA 5.7+1.7, subgroup IIB 4.5+1.1) which was non-
significant difference as compared to the control group
(P> 0.05) (Histogram 2).

Group III showed significant increase in the number
of PCNA positive cells (Figure 3d). the mean number of
PCNA positive cells was measured (92.8+22.8) which was
significantly increased (P< 0.05) as compared to control
and subgroups IIA and IIB (Histogram 2).

Mean number of PCNA positive cells

Group Group Group

Histogram 2: showing the mean number of PCNA positive cells
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Fig. 1: H&E-stained section: (Fig. 1a): Control group revealed central vein (CV) and cords of liver cells, with central open-face nuclei (1), blood sinusoids in
between (S). Fig. 1b: control group revealed portal area containing branch of portal vein (V), branch of hepatic artery (A) and bile duct (D). Fig. 1c: Subgroup
IIA showing dilated hepatic sinusoids (A) and Some cells appeared with small pyknotic nuclei (7). Notice, the cells near the sinusoids were less affected.
Fig. 1d: supgroup IIA showing congested portal vein branch (**), mononuclear cell infilterate (*), some hepatocytes with vacuolated cytoplasm (1) and small
pyknotic nuclei (A). Fig. le: subgroup IIB showing loss of hepatic architecture and presence of regenerative nodules (1) of hepatocytes surrounded by fibrous
tissue (F). Fig. 1f: higher magnification of fig. 1e showing regenerative hepatocytes (1) surrounded by fibrous tissue (F) and inflammatory infiltrate (A). Fig.
1g: group III showing central vein (CV), branched cords of liver cells with granular acidophilic cytoplasm and vesicular nuclei (1) separated with congested
hepatic blood sinusoids (A). Fig. 1h: group III showing portal tract (PT) surrounded by mild inflammatory infiltrate (1). Some hepatocytes showed small
pyknotic nuclei (A). (Fig.1a, 1b, lc, 1d, 1f, 1g and 1h: x 400 — Fig. le: x 100)
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Fig. 2: Masson's trichrome-stained sections: Fig. 2a: control group revealed little amount of delicate collagen fibers (1) encircling the central vein and in
perisinusoidal space. Fig. 2b: control group showing few collagen fibers in the portal tract (1). Fig. 2¢ and Fig. 2d subgroup IIA showing moderate increase
in collagen fibers amount (1) encircling the central vein and portal area (7). Fig. 2e and Fig. 2f: subgroup IIB showing excessive deposition of collagen around
nodules of regenerative hepatocytes (A ). Fig. 2g: group III showing few collagen aruond some central veins (1) and some areas with increased collagen (17).
Fig. 2h and Fig. 2i: high power magnification of group III revealed little amount of collagen around the central vein, the portal tract and in perisinusoidal spaces.
(Fig. 2a, 2b, 2c, 2d, 2f, 2h, 2i: x 400 - 2¢, 2g: x 100)

e
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Fig. 3: PCNA stained sctions: 3a: Control group revealed few PCNA positive cells (1). 3b: subgroup IIA revealed few PCNA postive cells (). 3¢: subgroup
1IB revealed few PCNA positive cells (7). 3d: Group III revealed many PCNA positive cells (1). (X400)
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DISCUSSION

This study was designed to assess the effect of PRP on
experimentally induced liver fibrosis in adult albino rat.

In the current study injection of CCL4 resulted in
severe liver tissue injury including degeneration and
necrosis of hepatocytes in the form of large vacuoles in
the cytoplasm and small pyknotic nuclei. In addition
to, congestion of blood vessels, dilatation of sinusoids,
inflammatory infiltrate and finally fibrosis and loss of
hepatic architecture. In agreement with these finding
Hesami et al, 2016 demonstrated that CCL4 injection
induced liver injury. Hepatocytes showed necrosis,
vacuolations, inflammation and fibrosis.

They!"¥ explained that CCL4 is transformed to highly
reactive trichloromethyle-free radical via cytochrome
P-450, that affect the liver via lipid peroxidation. Then,
cellular injury results when reactive oxygen species (ROS)
rise in liver. These oxidants can damage cells by starting
a chain of chemical reactions like lipid peroxidation or
DNA oxidation that leads to damage of proteins and many
components of the cells.

Masson's trichome stained sections revealed increased
collagen fibers deposition in rats of both subgroup IIA and
subgroup IIB. The results were proved by morphometric
and statistical studies. Significant increase was found in
the area percentage of collagen in both subgroups IIA &
IIB as compared to control group (group I) and to PRP
treated group (group III). Going with these finding!'+!>16]
reported also increased collagen deposition in Masson's
stained sections of livers of CCL4 treated rats.

The increase in collagen fibers was secondary to
hepatic damage that activates HSCs which change to
myofibroblasts that secrete collagen fibers. This is also
explained by!'. They mentioned that CCL4 causes
oxidative stress that result in HSCs activation. Then, the
activated HSCs become the main source of collagen and
cytokine secretion. Recently, they mentioned that lipotoxic
hepatocytes can stimulate Von-kupffer cells (KCs) that
secrete transforming growth factor (TGF)-B1. Then,
TGF-B1 stimulates HSCs which increase secretion and
deposition of (hepatic collagen-al) leading eventually to
fibrosis. They added that collagen-al messenger RNA
was markedly elevated in CCL4 injected mice while
this elevation was prevented in TGF-B1-knockout mice.
Moreover, interlukin-1B(IL-18) and tumor necrosis
factor-a (TNF-a) secretion by activated KCs was essential
to keep HSCs existence via the nuclear factor-kappa (NF-
kB) pathway!'8l.

In the present study, administration of PRP to CCL4-
induced hepatic fibrosis model resulted into marked
improvement in liver structure. This improvement
appeared as significant decline in area percentage of
collagen in comparison with both subgroups IIA and
IIB. Also, significant increase in mean number of PCNA
positive cells was reported. Some previous studies reported
the same results!”131%),

The researchers® informed that PRP can result in
liver regeneration through three mechanisms. The first
one is direct effect of platelets; it happens when platelets
is translocated to the perisinusoidal space. Then, they
become in direct contact with hepatocytes and this triggers
production of HGF, IGF-1 and VEGF. These growth
factors (GFs) stimulate mitotic division in hepatocytes
and stimulate liver proliferation. The second mechanism
is involving liver sinusoidal endothelial cells; the direct
contact between platelets and hepatic sinusoidal endothelial
cells induces release of sphingosine-1-phosphate (SIP)
from platelets, which stimulates production of interlukin-6
(IL-6) from the endothelial cells. Subsequently, IL-6 speeds
up liver cells mitotic activity via IL6/STAT3 pathway.
The third mechanism is including platelets and hepatic
macrophage. Platelets accumulate and locally become
activated in the liver by binding the surface of hepatic
macrophage. This binding was confirmed by electron
microscopy. Liver regeneration is stimulated by release
of GFs from accumulated platelets and augmented via
secretion of TNF-a and IL-6 from hepatic macrophage”.

Other reseachers!!”? demonstrated that PRP resulted
in remarkable hepatic regeneration in an experimental
model of fibrosis. Their results were proven by significant
decrease in hepatic enzymes. Moreover, they reported
that PRP decreased the expression of mRNA of fibrosis
associated genes including TGF-B. In addition to,
inflammatory related gene NF-kf and liver IL-8. Moreover,
they reported a significant increase in the anti-apoptotic
marker Bel-2 after PRP treatment, confirming PRP role in
liver regeneration!').

This study®?! stated that PRP has many growth factors
with variable effects on hepatic fibrosis development.
For example, platelet derived growth factor which has a
profibrotic effect through activation of HSCs, whereas
ATP, ILG-1 and HGF have antifibrotic effect through
HSCs suppression. So, it is hard to understand and clarify
the outcome of PRP administration!.

Moreover, others?? informed that PRP treatment
increases the level of cAMP that has antifibrotic effect.
This antifibrotic effect is mediated through Epac (Exchange
proteins activated by cAMP). These Epac proteins adjust
many cellular reactions through their capability to induce
substitution of GTP for GDP on different G-proteins.
Finally, cAMP reduces proliferation of fibroblasts,
inhibits ECM protein synthesis by it and stimulates
fibroblast apoptosis as well. They added that PRP has
anti-inflammatory role which is facilitated via its impact
on macrophage inflammatory proteins (MIP-1a) level in
hepatic diseases. Increased HGF from PRP suppresses
the phosphorylation and translocation of nuclear factor
kappa B (NF-kB-p65) subunit to the nucleus resulting
in suppression of pro-inflammatory genes expression.
Consequently, PRP inhibits pro-inflammatory chemokines
and the matrix metalloproteinase (MMPs) secretion!*!,
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CONCLUSION AND RECOMMENDATION

From the present study results, it is concluded that
CCL4-induced liver fibrosis is not improved even after
withdrawal of the causative drug. PRP injection improved
the structure of liver after CCL4- induced fibrosis. Platelet
therapy could offer a new approach for developing a new
adjuvant therapy for treatment of liver diseases. More
studies and clinical trials are recommended to determine
the full potential and therapeutic effects of PRP in liver
fibrosis and in other variety of indications.
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