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Abstract

In plasma fluid that more than 200,000-900,000
platelets/microliter suspended plasma. Platelets are the chief
promoters of the body due to comprising a large number of
growth factors PDGF, TGF, VEGF, IGF, support in the
regeneration/proliferation. In platelet-rich plasma number of
platelets at least 1000000 platelets/pl also containing enzymes
biological active molecules active ions (Ca, Mg, Cu, Zn, etc.).
Platelets containing fluid is used as regenerative medicine in
different fields of medical sciences orthopedic, dermatology,
plastic surgery, diabetic wound healing dentist, antibacterial
activity with gram +ve, -ve pathogens, and gynecological
infections. The liver performs many key biochemical and
secretory functions. In hepatic cell abnormality cause any type
of chronic disease ischemia/reperfusion injury, liver cirrhosis,
and cholestatic liver. Platelets have an anti-apoptotic marker
which increases the damage portion. The manifestation of
mMRNA genes TGF-B, a-SMA, and hepatic compacted by
platelets NF-xB and hepatic IL-8. TNF-,cytokines and PG, are
released by Kupffer cells which take part in liver regeneration.
IL-1, 6, interferons, and HGF, distressing hepatic regeneration,

and IL-6 emission amplified subsequently in hepatectomy.
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1. Introduction

PRP is that consisted of more than 200,000 —
900,000 nplatelets/ul (microliter) suspended
plasma. Now a day it is reported to be
extensively used for therapeutic drives i.e. tissue
repairing, orthopedics, dermatology,
musculoskeletal regeneration, etc. (Zahn et al.,
2020). During the process of healing, platelets
activate in the body and release multiple growth
factors (GFs) which accelerates the healing
phenomenon (Dhillon et al., 2012). Prominent
GFs consist of platelet-derived growth factor
(PDGF), transforming growth factor (TGF-B1),
vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), and insulin-like
growth factor (IGF-1). Many studies recognized
that the process of liver regeneration occurs by
platelet growth factors (Hesami et al., 2014).
PRP also acting an active part in the provocation
response by producing and releasing a diversity
of inflammatory intermediaries, including
cytokines such as TGF-, IL-1 (Interleukin),
CD40L, and chemokines. (Galliera et al., 2012).
Platelets carry significant growth factors, and
their interaction with protein factors (PFs) such
as fibronectin and vitronectin is accountable for
the remedial interaction and regenerative
biochemical processes such as chemotaxis, cell
propagation, tissue debris eradication, and
angiogenesis (Tiwari & Bhargava, 2013).
Approximately 150,000 to 350,000/microliter
(ul) normal platelet counts in the blood whereas
PRP is commonly defined as at least 1,000,000

platelet/pl adjourned in plasma (Wasterlain et
al., 2016). Fibrin, and enzymes, active ions
(Cat+, Mg+, Mn+, Cu+, Zn+, etc), membrane-
associated receptors, and biologically active
molecules are key constituents in PRP include a
variety of growth factors, leukocytes. There are
three overlapping phases of wound healing, and
it is typically divided into the following three
phases: (i) hemostasis/inflammation, (ii) cell
proliferation, and (iii) remodeling, these phases
impart role in cell regulation, cytokines, and
progression factors that can act directly over the
responsible cells for their release, nearby cells,
or even distant cells (Chicharro-Alcantara et al.,
2018; Jee et al., 2016; Zielins et al., 2014). PRP
is constantly being wused in regenerative
medicine for chronic wound healing (Mehta &
Watson, 2008). It decreases postoperative
infection, pain, blood loss, and an increase in
bone and wound healing (Waters & Roberts,
2004). The metabolic disorders and several
pathophysiological conditions can disrupt the
normal wound healing process and in resulting
delayed the wound and take maximum time for
healing (Markova & Mostow, 2012; Wu et al.,
2010). Wound healing process control by
various GFs, cytokines, integrin, Kkeratins,
matrix-metalloproteinase, chemokines, and
extracellular macromolecules will assist in the
therapeutic process (Chicharro-Alcéntara et al.,
2018). GFs are vital in wound healing because
each growth factor has many roles in wound

healing and binds to unique receptors on target
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cells. (De La Mata, 2013; Roubelakis et al.,
2014). PDGF, EGF, FGF, IGF, VEGF, TGF,
HGF, and KGF are among the several GFs

recognized to be intricate in wound therapy
(Grazul-Bilska et al., 2003).

Table 1: Growth factors and their functions with references.

TGF-p

PDGF

EGF

FGF

IGF

VEGF

HGF

KGF

i)Stimulates mesenchymal stem cells proliferation
ii)Proliferation of macrophage and lymphocyte;

iii)Regulates endothelial, fibroblastic, and osteoblastic cell mitogenesis

i) Stimulates many metabolic processes like protein

ii) Migration and proliferation of endothelial cells

iii) Stimulate the production of IGF-1

iv) Production of TGF-B which initiate the collagen synthesis

i) DNA synthesis and cell proliferation
ii) Promotes chemotaxis of endothelial cells

iii) Promotes the angiogenesis

i) Re-epithelialization, angiogenesis, and granulation tissue formation by FGF.

ii) New blood vessels formation from the established vasculature

i) inflammatory and proliferative role
ii) IGF-1 secretes by fibroblasts which employ autocrine effects
iii) keratinocytes migration promotion and enhancing tissue repair by

combination with IGF

i) Strong paracrine effect during wound healing
ii) Significant regulators of physiological and pathological vasculogenic,

lymphangiogenesis, and vascular permeability

i) The Main protagonist in the directive of cell growth, tissue formation,
neovascularization

ii) HGF and VEGF both have a synergistic effect during wound healing

Accelerate the healing process during venous ulcer

(De Pascale et al.,
2015)

(Chicharro-
Alcéntara et al.,
2018; Lynch et al.,
1987)

(Bertrand-Duchesne
et al., 2010; Girdler
etal., 1995)
(Wasterlain et al.,
2013; Waters &
Roberts, 2004; Xie
et al., 2008)

(Chicharro-
Alcéntara et al.,
2018)

(Tammela et al.,
2005)

(Anitua et al., 2005;
Conway et al.,
2006)

(Enoch et al., 2006)

2. Role of PRP in hepatic Inflammation

The liver is the body's principal organ for
metabolism, detoxification, and secretory
processes, transcription it susceptible to a variety

of diseases. Because there is now no effective

treatment for these illnesses, experts are working
to develop new drugs. During the fetal stage, the
liver is a hematological organ, and entirely
grown liver cells generate thrombopoietin,

which stimulates platelet synthesis in the bone
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marrow (Hesami et al., 2014). Hepatic
abnormalities mediate several pathogenic
symptoms, containing, hepatic stellate cell

(HSC) propagation, pro-inflammatory cytokine
construction, and protein confession in the
extracellular matrix (ECM), leading to the
regression of liver fibrosis (Salem et al., 2018).
Although liver fibrosis was previously thought
to be an incurable condition, new evidence
suggests that such chronic fibrosis could be
curable. New treatments for liver cirrhosis have
been discovered, according to these recent
studies (Yu et al., 2017). Marx et al. reported
that platelet-rich plasma (PRP), an allogeneic
product rich in growth factors that may be
obtained from a blood sample by centrifuging
the platelet-rich supernatant (Lee et al., 2013).
Moreover, platelets play a significant part in
inhibiting the evolution of hepatic fibrosis both

L
Fibrin clot
formationn

Wound

PRF

TGF-p

in vitro and in vivo, and platelet transfusion-
induced growth factor increase can improve
hepatic function in patients with CLD and
cirrhosis (Maruyama et al., 2013). The liver is a
hematological organ, and its advanced
hepatocytes release thrombopoietin, which can
determine thrombocytes' synthesis in the bone
the fetal The

Thrombocyte's synthesis in the bone marrow

marrow, during period.
then its issues are abundant with no effective

therapies; nonetheless, the exploration for
innovative medications continues. Though, few
studies have considered the liaison between
hematic components, that is, platelets and liver
rejuvenation (Hesami et al., 2014). Platelets
include a variety of GFs and proteins that are
required for hemostasis and Platelets have anti-
fibrotic and pro-proliferative properties in the
liver (Hiyama et al., 1981).

Collagen synthesis
Anglogenesis
Proliferafion phase

bys XY

Fibroblast
activation | &I
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Figure 1: Process of Wound healing. PRF; platelet-rich fibrinogen, PDGF; Platelet drive growth factors, mechanism

of the directive in wound healing.

Some clinical studies have demonstrated platelet
accretion in the liver under certain pathologic
surroundings, such as ischemia/reperfusion
damage (Khandoga et al., 2003; Pak et al.,
2010), liver cirrhosis, cholestatic liver, and viral
hepatitis (Hesami et al., 2014). In response to
various types of liver damage, liver regeneration
is an effective and well-regulated process in
which leftover liver cells proliferate to restore
the afflicted organ's original proportion
DeFrances, 1997).
Hepatocytes accomplish one or more cell

(Michalopoulos &

divisions throughout this time while maintaining
all regular cellular processes. The stimulating
phase and the advancement phase of hepatocyte
mitosis are two successive biochemical
mechanisms in which the actions of numerous
cytokines and growth factors are arranged
(Murata et al., 2014). Platelets have been found
in several studies to stimulate liver regeneration
due to the presence of Alpha granules, dense
granules, and lysosomal granules (Murata et al.,
2014; Murata et al., 2007). Direct platelet-
hepatocyte contact may be significant in the
proclamation of soluble molecules from the
platelets; the furthermost significant mediator is
IGF-1, which is found in human platelets and
has a proliferative impact, and hepatocyte
growth factor (HGF) containing platelets
instigate hepatic mitosis, which leads to liver
regeneration, and hepatocyte generated mitogen

signaling for another benevolent of hepatic cells,

and each mediator determine the downstream
processes that relocation hepatocytes from an
inactive state to the cell cycle (Nakamura et al.,
1989; Ohkohchi et al., 2012; Ozaki,
2008).Platelets have an imperative role in both
in vitro and in vivo liver fibrosis and expand a
hepatic purpose in individuals with CLD and
cirrhosis (Maruyama et al., 2013). TGF-B, a-
SMA, and hepatic hydroxyproline, NF-B, and
hepatic cytokine were shown to have highly
concentrated mMRNA expression in PRP.
Furthermore, PRP has a substantial rise in the
anti-apoptotic indicator Bcl-2 for use in liver
regeneration, and liver regeneration/recovery is
a challenging procedure. (Gilgenkrantz & de
I’Hortet, 2011). The surface maker for platelet
stimulation is a CDG62P initiate in platelet
granules. It is also useful in distinguishing early
bleeding and clotting problems triggered through
liver cirrhosis (Xianghong et al., 2013). On the
other hand, Inflammation, cancer, and an
immunological response are some of the adverse
reactions of platelet degranulation (Murata et al.,
2014). In 2006 Lesurtel et al stated that platelets
have proliferating effects in liver regeneration
and In critical and chronic liver disease platelets
are abnormal in number and conventionally have
been supposed to contribute to impairment
(Hugenholtz et al., 2009; Lesurtel et al., 2006).
PRP treatment pulls down liver enzymes while
increasing albumin levels, suggesting

hepatocytes rejuvenation, decrease of injury, and
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better hepatocytes function (Mafi et al., 2016).
According to Neveen Salem and his colleagues,
Platelet therapy offers anti-fibrotic, anti-
apoptotic, and anti-inflammatory properties, and
it has the potential to open the way for the
creation of novel medicines. PRP might be
utilized as a supplement to reduce the
deleterious effects of hepatotoxicants (Salem et
al., 2018). TNF/NF-B, IL-6/STAT3, PI3K/Akt,
HGF/HFG receptor (cMet), and extracellular
indication synchronized kinase 1/2 (ERK1/2) are
all significant paths in hepatocytes regeneration
and repossession. (Chen et al., 2013). Under
thrombocytosis environments, a considerable
increase in hepatic levels of HGF and IGF-1, as
well as early and strong phosphorylation of Akt
and signal transducer and stimulator of
transcription-3 (STATS3), is generated (Murata,
Matsuo, et al., 2008; Murata et al., 2007).
Murata, Soichiro, et al. reported that TPO,
(thrombopoietin) is a potent stimulus that assists
in hepatic cell proliferation and is regulated by
the development of MK and platelet production
(Murata, Matsuo, et al., 2008; Wolber &
Jelkmann, 2002). TPO boosted marginal
platelets and encouraged liver regeneration,
including improving fibrosis in the peri-portal
areas and boosting the liver cells-proliferating
cell nuclear antigen (PCNA) labeling index and
mitotic index in the cirrhotic liver (Murata,
Hashimoto, et al., 2008). TPO, which is
generated at a consistent rate in the liver and
kidney, is the most significant GF in the

directive of megakaryocyte enlargement and

platelet construction, and TPO mRNA levels in
the liver were considerably diminished in
patients with liver cirrhosis (Witters et al.,
2008). Patients with hepatofugal portal blood
flow had diminished TPO levels (Sezai et al.,
1998). TPO improved the platelet count in liver
fibrosis (Kurokawa & Ohkohchi, 2017). In
patients with cirrhosis, 1P3 synthesis in response
to thrombin ready is much reduced in platelets,
whereas cytosolic calcium is elevated, and
aggregation calcium is the last common route in
platelets, leading to platelet hypofunction
(Witters et al., 2008). In dense bodies, there is a
diminution in ATP and serotonin (5HT), as well
as a decrease in PF4 (platelet factor 4),
thromboglobulin (BTG), and P-selectin, and
plasma levels of BTG and PF4 are testified to be
raised to platelet count (Witters et al., 2008).
Serotonin  (5-hydroxytryptamine, 5-HT) has
synergistic activity as a neurotransmitter as well
as a hormone with a variety of extraneous
neuronal activities. It is a potent mitogen that
distresses tissue remodeling. Platelets transport
them and release 95 percent of the serotonin
contained in blood at the site of damage; it is a
powerful mitogenic and stimulates hepatocytic
mitosis. M. Lesurtel and colleagues discovered
that platelet-derived serotonin (PDGFS, with
EGFS) had a role in the early stimulation of
Kupffer cells (KCs), which create responsive
oxygen species, in the inception of liver
regeneration (Bilzer et al., 2006; Jaeschke, 2006;
Lesurtel et al., 2006). Moreover, serotonin

agonists' appearance that serotonin may work
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downstream of platelet and leukocyte interfaces
with endothelial cells or hepatocytes (Marcos et
al., 2004). The local liver macrophages, Kupffer
cells (KC), were the first to identify this non-
parenchymal cell type. KC accounts for around
35% of non-parenchymal liver cells (Phillips,
1987; Wake, 1980). KC function is diminished
in the absence of platelets and leukocytes,
resulting in ischemic liver injury (Sindram et al.,
2001). Kupffer cells, which account for > 82%
of all tissue macrophages in the body, function
in opposition to gastrointestinal microbes, with
microbial debris, and endotoxins (Bilzer et al.,
2006). Platelets are a predominantly ironic
source of chemokines, and they assist in the
anticipation of liver fibrosis and the elevation of
liver rejuvenation following hepatectomy.
Following ischemia, KCs harvest a large number
of pro and anti-inflammatory mediators, as well
as TNF, and cytokine (Charo & Ransohoff,
2006; Pak et al., 2010). HGF, IL-1, IL-6, and
interferons all affect hepatic rejuvenation, with
IL-6 invention increasing after hepatectomy (Rai
et al.,, 1996). Furthermore, P-selectin impacts
platelet and leukocyte recruitment, as well as
platelet-dependent  leukocyte  recruitment,
signifying that P-selectin is associated with
cholestatic liver damage. which may open the
mode for more tailored therapy approaches to
protect the liver in situations when bile flow is
impeded (Laschke et al.,, 2008). Platelets
secreted 1L-6, which boosted LSEC proliferation
and DNA synthesis in hepatocytes (Kawasaki et
al., 2010). In epidemiologic hepatitis, the

cytotoxic-T lymphocyte (CTL) reaction remains
a strong prognosticator of liver impairment.
Platelet reduction or activation inhibitors limit
CTL dispersion in the hepatic cells of mice.
Because they stimulate reciprocal recruitment,
platelet-CTL interactions are supposed to be
important in hepatic microcirculation
Surprisingly, thrombocyte-derived serotonin has
been hypothesized to mediate liver injury via
microcirculation variations in a lymphocytic
choriomeningitis ~ virus  infection = model
(Ripoche, 2011). Nearly 80% of HCCs are found
in the context of chronic liver injury caused by
other diseases such as chronic infections and
drunk liver disease (Farazi & DePinho, 2006).
Such as the cells collect chromosomal
abnormalities and genetic and epigenetic
alterations, the dysplasia in regenerative nodules
leads to HCC in the cirrhotic liver, finally
resulting in  massive  amplification  of
cytoprotective and proliferative signals. Many
pathways have been considered to be significant
in HCC, including Ras/MAPK, PIK3CA/AKT,
and Wnt/-catenin signaling (Villanueva et al.,
2007). p-Catenin, the main effector of Wnt
signaling, is generally recognized as an
oncogene due to its widespread effects in a
range of malignancies, comprising 20% -40% of
all HCCs (Monga, 2011). B-Catenin is also
exclusively associated with FOXO during a
cell's changed redox state to control the
production of genes involved in oxidative stress
signaling, which could be impaired if -catenin

is absent (Essers et al., 2005). Hepatocytes

1183



Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

lacking B-catenin are unable to adjust toward
oxidative trauma caused by DEN-induced
genotoxic damage plus prolonged through
inflammation and excitation of Kupffer and
stellate cells, leading to death and fibrosis
(Oseini & Roberts, 2009; Stock et al., 2007;
Zhang et al., 2005). PDGFRa activation may be
caused by PDGFs generated by numerous
inflammatory and persistent non-parenchymal
cells in the liver (Wong et al., 1994). PDGFR is
an identified PIK3CA/Akt pathway upstream

Ischemic liver treated
chetnoldnes 2%&3#“

(S]]

effector (Hunter, 2000). Because of EGFR's
importance in HCC, its reduced levels of B-cat
in livers are intriguing; yet, this upriver effector
of PIK3CA has been demonstrated to be a mark
of Wnt/-catenin signaling (Tan et al., 2005).
Correspondingly, the HGF receptor c-Met is
known to boost the PIK3CA pathway and is
crucial in HCC, although it was shown to be a
Whnt signaling target and was down-regulated of
B-cat in livers. (Boon et al., 2002).

Liver injury treated
Denge
granules
Alpha '{w\‘%m

Granules

Platelet accumulation
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Figure 2: Shows how proliferation completed after any injury in the liver and the ischemic condition is going to

normal after being treated with Platelet and taking part in the signaling pathway for proliferation.

3. Conclusion
Platelets' clinical applications have been
thoroughly investigated and documented.
Platelets and their growth factors, known as
PDGFs, are the primary components of every
well-prepared PRP preparation. PRP
administration might be an important component
of liver regeneration treatment. PDGFs are anti-
inflammatory and promote compact mRNA
expression, and they play a crucial role in cell
regulation.

References

Anitua, E., Andi, |., Sanchez, M., Azofra, J., del
Mar Zalduendo, M., de la Fuente, M., . .
. Nurden, A. T. (2005). Autologous
preparations rich in growth factors
promote proliferation and induce VEGF
and HGF production by human tendon
cells in culture. Journal of Orthopaedic
Research, 23(2), 281-286.

Bertrand-Duchesne, M. P., Grenier, D., &
Gagnon, G. (2010). Epidermal growth
factor released from platelet-rich plasma
promotes endothelial cell proliferation
in vitro. Journal of periodontal
research, 45(1), 87-93.

Bilzer, M., Roggel, F., & Gerbes, A. L. (2006).
Role of Kupffer cells in host defense
and liver disease. Liver International,
26(10), 1175-1186.

Boon, E. M., van der Neut, R., van de Wetering,
M., Clevers, H., & Pals, S. T. (2002).

Whnt signaling regulates expression of
the receptor tyrosine kinase met in
colorectal cancer. Cancer research,
62(18), 5126-5128.

Charo, I. F., & Ransohoff, R. M. (2006). The
many roles of chemokines and
chemokine receptors in inflammation.
New England Journal of Medicine,
354(6), 610-621.

Chen, X., Xu, C., & Liu, Y. (2013). Involvement
of ERK1/2 signaling in proliferation of
eight liver cell types during hepatic
regeneration in rats. Genet Mol Res,
12(1), 665-677.

Chicharro-Alcéantara, D., Rubio-Zaragoza, M.,
Damia-Giménez, E., Carrillo-Poveda, J.
M., Cuervo-Serrato, B., Pelaez-Gorrea,
P., & Sopena-Juncosa, J. J. (2018).
Platelet rich plasma: new insights for
cutaneous wound healing management.
Journal of functional biomaterials, 9(1),
10.

Conway, K., Price, P., Harding, K. G., & Jiang,
W. G. (2006). The molecular and
clinical impact of hepatocyte growth
factor, its receptor, activators, and
inhibitors in wound healing. Wound
Repair and Regeneration, 14(1), 2-10.

De La Mata, J. (2013). Platelet rich plasma. A
new  treatment tool for  the
rheumatologist? Reumatologia Clinica
(English Edition), 9(3), 166-171.

1185



Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

De Pascale, M. R., Sommese, L., Casamassimi,
A., & Napoli, C. (2015). Platelet
derivatives in regenerative medicine: an
update. Transfusion medicine reviews,
29(1), 52-61.

Dhillon, R. S., Schwarz, E. M., & Maloney, M.
D. (2012). Platelet-rich plasma therapy-
future or trend? Arthritis research &
therapy, 14(4), 1-10.

Enoch, S., Grey, J. E., & Harding, K. G. (2006).
Recent advances and emerging
treatments. Bmj, 332(7547), 962-965.

Essers, M. A., de Vries-Smits, L. M., Barker, N.,
Polderman, P. E., Burgering, B. M., &
Korswagen, H. C. (2005). Functional
interaction  between [-catenin and
FOXO in oxidative stress signaling.
Science, 308(5725), 1181-1184.

Farazi, P. A., & DePinho, R. A. (2006).
Hepatocellular carcinoma pathogenesis:
from genes to environment. Nature
Reviews Cancer, 6(9), 674-687.

Galliera, E., Corsi, M., & Banfi, G. (2012).
Platelet rich plasma  therapy:
inflammatory molecules involved in
tissue healing. Journal of biological
regulators and homeostatic agents, 26(2
Suppl 1), 35S-42S.

Gilgenkrantz, H., & de I’Hortet, A. C. (2011).
New insights into liver regeneration.
Clinics and research in hepatology and
gastroenterology, 35(10), 623-629.

Girdler, N., McGurk, M., Aqual, S., & Prince,
M. (1995). The effect of epidermal

growth factor mouthwash on cytotoxic-
induced oral ulceration. A phase |
clinical trial. American journal of
clinical oncology, 18(5), 403-406.

Grazul-Bilska, A. T., Johnson, M. L., Bilski, J.
J., Redmer, D. A., Reynolds, L. P,
Abdullah, A., & Abdullah, K. M.
(2003). Wound healing: the role of
growth factors. Drugs Today (Barc),
39(10), 787-800.

Hesami, Z., Jamshidzadeh, A., Ayatollahi, M.,
Geramizadeh, B., Farshad, O. &
Vahdati, A. (2014). Effect of platelet-
rich plasma on CCl4-induced chronic
liver injury in male rats. International
journal of hepatology, 2014.

Hiyama, Y., MAHMUD, I, & TARI, F. K.
(1981). Platelet-derived growth factor
and thromboxane are necessary for liver
regeneration.

Hugenholtz, G. G., Porte, R. J., & Lisman, T.
(2009). The platelet and platelet
function testing in liver disease. Clinics
in liver disease, 13(1), 11-20.

Hunter, T. (2000). Signaling—2000 and beyond.
Cell, 100(1), 113-127.

Jaeschke, H. (2006). Mechanisms of Liver
Injury. 1l. Mechanisms of neutrophil-
induced liver cell injury during hepatic
ischemia-reperfusion and other acute
inflammatory  conditions.  American
Journal of Physiology-Gastrointestinal
and Liver Physiology, 290(6), G1083-
(G1088.

1186



Kawasaki,

Jee, C.-H., Eom, N.-Y., Jang, H.-M., Jung, H.-

W., Choi, E.-S., Won, J.-H., . . . Jung,
D.-l. (2016).
platelet-rich plasma application on

Effect of autologous
cutaneous wound healing in dogs.
Journal of veterinary science, 17(1), 79.
T., Murata, S., Takahashi, K.,
Nozaki, R., Ohshiro, Y., lkeda, N., . . .
Fukunaga, K. (2010). Activation of
human liver sinusoidal endothelial cell
by human platelets induces hepatocyte
proliferation. Journal of hepatology,

53(4), 648-654.

Khandoga, A., Biberthaler, P., Messmer, K., &

Krombach, F. Platelet—

endothelial cell

(2003).

interactions  during
hepatic ischemia—reperfusion in vivo: a
Microvascular

systematic  analysis.

research, 65(2), 71-77.

Kurokawa, T., & Ohkohchi, N. (2017). Platelets

in liver disease, cancer and regeneration.
World
23(18), 3228.

journal of gastroenterology,

Laschke, M., Dold, S., Menger, M., Jeppsson,

B., & Thorlacius, H. (2008).

Platelet-dependent ~ accumulation  of

leukocytes in  sinusoids  mediates
hepatocellular damage in bile duct
ligation-induced  cholestasis. ~ British

journal of pharmacology, 153(1), 148-
156.

Lee, J. W., Kwon, O. H., Kim, T. K., Cho, Y.

K., Choi, K. Y., Chung, H. Y., . .. Shin,

J. H. (2013). Platelet-rich plasma:

Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

quantitative assessment of growth factor
levels and comparative analysis of
inactivated

activated and groups.

Archives of plastic surgery, 40(5), 530.

Lesurtel, M., Graf, R., Aleil, B., Walther, D. J.,

Lynch,

Mafi,

Tian, Y., Jochum, W., . .. Clavien, P.-A.
(2006).
mediates liver regeneration. Science,
312(5770), 104-107.

S. E., Nixon, J. C., Colvin, R. B., &
H. N. (1987). Role of

platelet-derived growth factor in wound

Platelet-derived serotonin

Antoniades,

healing: synergistic effects with other
growth factors. Proceedings of the
National Academy of Sciences, 84(21),
7696-7700.

A., Dehghani, F., Moghadam, A,
Noorafshan, A., Vojdani, Z., & Talaei-
Khozani, T. (2016). Effects of platelet-
rich plasma on liver regeneration in
CCl4-induced hepatotoxicity model.

Platelets, 27(8), 771-776.

Marcos, E., Fadel, E., Sanchez, O., Humbert,

M., Dartevelle, P., Simonneau, G., . . .
Eddahibi, S. (2004). Serotonin-induced
smooth muscle hyperplasia in various
human

forms of pulmonary

hypertension.  Circulation  research,

94(9), 1263-1270.

Markova, A., & Mostow, E. N. (2012). US skin

disease assessment: ulcer and wound
care. Dermatologic clinics, 30(1), 107-
111.

1187



Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

Maruyama, T., Murata, S., Takahashi, K.,
Tamura, T., Nozaki, R., Ikeda, N., . . .
Ohkohchi, N. (2013). Platelet
transfusion improves liver function in
patients with chronic liver disease and
cirrhosis. The Tohoku journal of
experimental medicine, 229(3), 213-220.

Mehta, S., & Watson, J. T. (2008). Platelet rich
concentrate: basic science and current
clinical  applications.  Journal  of
orthopaedic trauma, 22(6), 432-438.

Michalopoulos, G. K., & DeFrances, M. C.
(1997). Liver regeneration. Science,
276(5309), 60-66.

Monga, S. P. S. (2011). Role of Wnt/B-catenin
signaling in liver metabolism and
cancer. The international journal of
biochemistry & cell biology, 43(7),
1021-1029.

Murata, S., Hashimoto, I, Nakano, Y.,
Myronovych, A., Watanabe, M., &
Ohkohchi, N. (2008). Single
administration ~ of  thrombopoietin
prevents progression of liver fibrosis
and promotes liver regeneration after
partial hepatectomy in cirrhotic rats.
Annals of surgery, 248(5), 821-828.

Murata, S., Maruyama, T., Nowatari, T.,
Takahashi, K., & Ohkohchi, N. (2014).
Signal transduction of platelet-induced
liver regeneration and decrease of liver
fibrosis.  International  journal of
molecular sciences, 15(4), 5412-5425.

Murata, S., Matsuo, R., Ikeda, O., Myronovych,
A., Watanabe, M., Hisakura, K., . . .
Ohkohchi, N. (2008). Platelets promote
liver regeneration under conditions of
Kupffer cell depletion after hepatectomy
in mice. World journal of surgery,
32(6), 1088-1096.

Murata, S., Ohkohchi, N., Matsuo, R., lkeda, O.,
Myronovych, A., & Hoshi, R. (2007).
Platelets promote liver regeneration in
early period after hepatectomy in mice.
World journal of surgery, 31(4), 808-
816.

Nakamura, T., Nishizawa, T., Hagiya, M., Seki,
T., Shimonishi, M., Sugimura, A., . . .
Shimizu, S. (1989). Molecular cloning
and expression of human hepatocyte
growth factor. Nature, 342(6248), 440-
443.

Ohkohchi, N., Murata, S., & Takahash, K.
(2012). Platelet and liver regeneration.
Tissue regeneration-from biology to
clinical application. Croatia: In tech,
109-142.

Oseini, A. M., & Roberts, L. R. (2009).
PDGFRa: a new therapeutic target in the
treatment of hepatocellular carcinoma?
Expert opinion on therapeutic targets,
13(4), 443-454.

Ozaki, M. (2008). Role of jak/STAT3 and PI3-
K/Akt pathways in liver injury and
regeneration. Seikagaku. The Journal of
Japanese Biochemical Society, 80(5),
399-408.

1188



Pak, S., Kondo, T., Nakano, Y., Murata, S.,

Fukunaga, K., Oda, T., . .. Ohkohchi, N.
(2010). Platelet adhesion in the sinusoid
caused hepatic injury by neutrophils
after hepatic ischemia reperfusion.
Platelets, 21(4), 282-288.

Phillips, M. J. (1987). The liver: an atlas and

text of ultrastructural pathology.
Lippincott Williams & Wilkins.

Rai, R., Yang, S., McClain, C., Karp, C., Klein,

A., & Diehl, A. (1996). Kupffer cell
depletion by gadolinium chloride
enhances liver regeneration after partial
hepatectomy in rats. American Journal
of  Physiology-Gastrointestinal and
Liver Physiology, 270(6), G909-G918.

Ripoche, J. (2011). Blood platelets and

inflammation: their relationship with
liver and digestive diseases. Clinics and
research in hepatology and
gastroenterology, 35(5), 353-357.

Roubelakis, M. G., Trohatou, O., Roubelakis,

A., Mili, E., Kalaitzopoulos, I,

Papazoglou, G., . . . Anagnou, N. P.
(2014). Platelet-rich plasma (PRP)
promotes fetal mesenchymal

stem/stromal cell migration and wound
healing process. Stem Cell Reviews and
Reports, 10(3), 417-428.

Salem, N. A., Hamza, A., Alnahdi, H., & Ayaz,

N. (2018). Biochemical and molecular
mechanisms of platelet-rich plasma in

ameliorating liver fibrosis induced by

Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

dimethylnitrosurea. Cellular Physiology
and Biochemistry, 47(6), 2331-2339.

Sezai, S., Kamisaka, K., lkegami, F., Usuki, K.,

Urabe, A., Tahara, T., . .. Miyazaki, H.
(1998). Regulation  of  hepatic
thrombopoietin  production by portal
hemodynamics in liver cirrhosis. The
American journal of gastroenterology,
93(1), 80-82.

Sindram, D., Porte, R. J., Hoffman, M. R,,

Bentley, R. C., & Clavien, P.-A. (2001).
Synergism  between platelets and
leukocytes in inducing endothelial cell
apoptosis in the cold ischemic rat liver:
a Kupffer cell mediated injury. The
FASEB Journal, 15(7), 1230-1232.

Stock, P., Monga, D., Tan, X., Micsenyi, A.,

Loizos, N., & Monga, S. P. (2007).
Platelet-derived growth factor receptor-
a: a novel therapeutic target in human
hepatocellular cancer. Molecular cancer
therapeutics, 6(7), 1932-1941.

Tammela, T., Enholm, B., Alitalo, K., &

Paavonen, K. (2005). The biology of
vascular endothelial growth factors.
Cardiovascular research, 65(3), 550-
563.

Tan, X., Apte, U., Micsenyi, A., Kotsagrelos, E.,

Luo, J.-H., Ranganathan, S., . . . Monga,
S. P. (2005). Epidermal growth factor
receptor: a novel target of the Wnt/B-
catenin pathway in liver.
Gastroenterology, 129(1), 285-302.

1189



Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

Tiwari, M., & Bhargava, R. (2013). Platelet rich
plasma therapy: a comparative effective
therapy with promising results in plantar
fasciitis. Journal of clinical
orthopaedics and trauma, 4(1), 31-35.

Villanueva, A., Newell, P., Chiang, D. Y.,
Friedman, S. L., & Llovet, J. M. (2007).
Genomics and signaling pathways in
hepatocellular carcinoma. Seminars in
liver disease,

Wake, K. (1980). Perisinusoidal stellate cells
(fat-storing  cells, interstitial cells,
lipocytes), their related structure in and
around the liver sinusoids, and vitamin
A-storing cells in extrahepatic organs.
International review of cytology, 66,
303-353.

Wasterlain, A. S., Braun, H. J., & Dragoo, J. L.
(2016). Contents and formulations of
platelet rich plasma. In Platelet Rich
Plasma in Musculoskeletal Practice (pp.
1-29). Springer.

Wasterlain, A. S., Braun, H. J., Harris, A. H.,
Kim, H.-J., & Dragoo, J. L. (2013). The
systemic effects of platelet-rich plasma
injection. The American journal of
sports medicine, 41(1), 186-193.

Waters, J. H., & Roberts, K. (2004). Database
review of possible factors influencing
point-of-care platelet gel manufacture.
Journal of Extracorporeal Technology,
36, 250-254.

Witters, P., Freson, K., Verslype, C., Peerlinck,
K., Hoylaerts, M., Nevens, F., . . .

Wolber,

Wong,

Wu, S.

Cassiman, D. (2008). Blood platelet
number and function in chronic liver
disease and cirrhosis.  Alimentary
pharmacology & therapeutics, 27(11),
1017-1029.

E.-M., & Jelkmann, W. (2002).
Thrombopoietin:  the novel hepatic
hormone. Physiology, 17(1), 6-10.

L., Yamasaki, G., Johnson, R. J.,, &
Friedman, S. L. (1994). Induction of
beta-platelet-derived  growth  factor
receptor in rat hepatic lipocytes during
cellular activation in vivo and in culture.
The Journal of clinical investigation,
94(4), 1563-1569.

C., Marston, W., & Armstrong, D. G.
(2010). Wound care: the role of
advanced wound-healing technologies.
Journal of the American Podiatric
Medical Association, 100(5), 385-394.

Xianghong, G., Guanping, C., Fenghua, Y., &

Xie, J.,

Jiayin, W. (2013). Changes in platelet
functional parameters and CD62 P
expression in liver cirrhosis. African
health sciences, 13(4), 1079-1083.

Bian, H., Qi, S., Xu, Y., Tang, J., Li, T.,
& Liu, X. (2008). Effects of basic
fibroblast growth factor on the
expression of extracellular matrix and
matrix metalloproteinase-1 in wound
healing. Clinical and Experimental
Dermatology: Continuing professional
development (CPD), 33(2), 176-182.

1190



Abbasi et al., Journal of Natural and Applied Sciences Pakistan, Vol 4 (2), 2022 pp 1177-1191

Yu, F., Chen, B., Fan, X,, Li, G., Dong, P., & Zhang, T., Sun, H.-C., Xu, Y., Zhang, K.-Z.,
Zheng, J. (2017). Epigenetically- Wang, L., Qin, L.-X., . .. Tang, Z.-Y.
regulated microRNA-9-5p suppresses (2005). Overexpression of platelet-
the activation of hepatic stellate cells via derived growth factor receptor a in
TGFBR1 and TGFBR2. Cellular endothelial cells of hepatocellular
Physiology and Biochemistry, 43(6), carcinoma  associated  with  high
2242-2252. metastatic potential. Clinical cancer

Zahn, J., Loibl, M., Sprecher, C., Nerlich, M., research, 11(24), 8557-8563.

Alini, M., Verrier, S., & Herrmann, M. Zielins, E. R., Atashroo, D. A., Maan, Z. N.,
(2020). Platelet-rich plasma as an Duscher, D., Walmsley, G. G., Hu, M., .
autologous and proangiogenic cell .. Wearda, T. (2014). Wound healing:
delivery  system.  Mediators  of an update. Regenerative medicine, 9(6),
inflammation, 2017. 817-830.

1191



