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Abstract
Platelet-rich plasma (PRP) is proven a cost-effective therapeutic choice for different ailments. The current
study was designed to highlight the effects of heterologous platelet-rich plasma (PRP) on deteriorated
hepatic tissues and impaired glucose metabolism in alloxan-induced diabetic mice. A total of thirty (30)
male mice were selected and grouped as control (CG), PRP group (PG), diabetic group (DG), treated group
1 (T1G), and treated group 2 (T2G). PG was given a subcutaneous dose of PRP (0.5 ml/kg body weight)
twice a week for four weeks. DG, T1G, and T2G were �rst given a single dose of alloxan intraperitoneally
(150 mg/kg) to induce diabetes. PRP (0.5 ml/kg body weight) was given twice a week to T1G and T2G
for two and four weeks respectively. After four weeks, all the mice were sacri�ced to excise liver for
histological observations and gene expression analysis. Hepatic histo-morphological analysis revealed
ballooning of hepatocytes, dilatation of sinusoids, and collagen deposition in the alloxan-induced
diabetic group (DG) and it was signi�cantly reduced in both T1G and T2G. Additionally, a signi�cant
change in the expression of several hepatic genes was observed. Fbp1, G6pc, and Pklr showed an
upregulation while a downregulation was detected in the expression of Pck1 in DG. A signi�cant
restoration was observed in Fbp1, and G6pc after PRP treatment but no change was observed in Pklr
expression. Genes of glycolytic pathway, Hk1 and Gck, were downregulated signi�cantly in DG compared
to CG and PRP treatment restore the expression in both treated groups T1G and T2G. Moreover, Wnt2,
Wnt4, and Wnt9a genes of the Wnt signaling pathway were also upregulated in DG, conversely,
downregulate in T1G and T2G. No signi�cant change in expression of Wnt5b and Wnt9b was observed in
DG compared to control. Current study revealed that PRP anticipates a reduction in glucose production
and glucose consumption by ameliorating hepatic tissue and modulating the glucose metabolism. So, it
may use as one of the adjunctive therapies to treat T2DM in future but further more detailed
investigations are suggested.

Introduction
Platelets are natural reservoir of growth factors (GFs), viz platelet-derived growth factor (PDGF),
transforming growth factor-beta (TGF-β), vascular endothelial growth factor (VEGF), insulin-like growth
factor-1 (IGF-1), hepatocyte growth factor (HGF), and �broblast growth factor (FGF). GFs, secreted by α-
granules of activated platelets, play signi�cant role in various cellular processes such as mitogenesis,
chemotaxis, differentiation, and metabolism [1]. Platelet-rich plasma (PRP) has expanded high
considerations in orthopedic and sports injuries, aesthetic surgery [2], spinal fusion [3], heart surgery [4],
preventing immune reactions, and wound healing in chronic skin and soft-tissue ulcers [5].

Type 2 Diabetes Mellitus (T2DM) is a chronic disorder of metabolism characterized by hyperglycemia
owing to diminished insulin secretion and reduced insulin sensitivity [6]. The latter results to develop
insulin resistance and decreased uptake of glucose in extra-hepatic tissues that supplemented
endogenous glucose production by the liver [7]. Moreover, elevated glycemic conditions [8] and increased
lipolysis in line with a higher level of free fatty acids [9] may lead to further damage to β-cells that
interferes the long-term glycemic control and dent the peripheral glucose consumption [10]. In the earlier
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phase of T2DM, the β-cells of the pancreas secrete compensatory insulin to restore glucose level in
plasma, but a progressive declined function of β-cells, mainly due to inherited β-cell defect(s), was
observed [11].

Glucose homeostasis needs precise correspondence between the utilization and metabolic glucose
synthesis and its delivery through diet. The liver is a key player in glucose metabolism and it primarily
includes glucose transport, production (gluconeogenesis, glycogenolysis), and breakdown (glycolysis)
[12]. Furthermore, T2DM is directly linked to impaired hepatic glucose metabolism but its role is still
vague in the pathogenesis of disease [13]. So, it must be a target in the pathogenesis of T2DM. Fbp1,
Pck1, Pklr, and G6pc, the main checkpoints of gluconeogenesis, in line with Hk1 and Gck, the major genes
of glycolysis, are some potential genes of glucose metabolism [14]. Additionally, the onset of T2DM is
also contributed by obesity and feasibly the alterations in the Wnt signaling pathway could subsidize the
risk of diabetes onset by affecting adipogenesis as it acts as a major modulator of adipocyte
differentiation [15, 16]. Therefore, genes associated with the Wnt signaling pathway could be re�ected as
contestant genes to confer the susceptibility of T2DM. So, glucose metabolism and the Wnt signaling
pathway in diabetic subjects are required to be further explored.

Additionally, not all diabetics may be subjected to the same treatment since their diagnostic factors vary
from one patient to another. Therefore, a valuable addition as a therapy for some categories of diabetics
is an absolute necessity.

Minding the critical role of GFs of PRP played in hemostasis and wound healing, cell proliferation, and
inhibition of apoptosis [17]. Therefore, current study designed to reveal the hepato-protective effects of
heterologous PRP on hyperglycemic hepatic tissues and modulation of glucose metabolism and Wnt
signaling pathways. The e�ciency of GFs of PRP is rather controversial and lacks evidence. The use of a
cocktail of various GFs in plasma may prove clinically important to cure T2DM.

Materials And Methods
Development of Animal Model

Thirty (30) adult male albino mice, 5±1-week age group and 20±5 g weight, were used in the current
study. Approved guidelines of ethical and review committee of the University of the Punjab, Lahore-
Pakistan (Ref/D/229/FIMS) were followed. Earlier in the trial, a group of six mice was kept per cage under
controlled environmental conditions for acclimatization. Cages were then randomly tagged: Control (CG),
PRP (PG), Diabetic (DG), Treated 1 (T1G), and Treated 2 (T2G). CG was given a standard chow
throughout the experiment. PG was given a subcutaneous dose of PRP (0.5ml/kg BW) for consecutive
four weeks. The other experimental groups (DG, T1G and T2G) were given a single intraperitoneal (IP)
dose of alloxan (150mg/kg). After the con�rmation of diabetes, group DG was kept untreated and PRP
treatment was given to group T1G and T2G for two and four weeks, respectively. All the animal groups
had ad libitum access to chow and water was given to all groups till the end of experiment. After four
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weeks, the animals were sacri�ced following a cervical dislocation to excise the liver for histological
observations and gene expression analysis. 

Histochemical Analysis 

Liver tissues were processed for hematoxylin and eosin (H&E) and Masson’s trichrome staining as
described by and assigned the scores 0-4 [18].

Quantitative Real-Time PCR

100 mg snap-frozen liver sample was taken to extract total RNA of all groups by using bioZol TM -G
reagent (bioPLUS, 10760055-1) following the manufacturer’s speci�cations. DNase treatment was given
to extract RNA followed by quanti�cation. cDNA synthesis was made by using RevertAid First Strand
cDNA Synthesis Kit (Thermo Scienti�c, K1622). Samples for qPCR were prepared by using Maxima SYBR
Green/ROX qPCR Master Mix (K0221, Thermo Scienti�c). PikoReal™ Real-Time PCR System (Thermo
Scienti�c) was employed to analyze qPCR for each studied primer (Table 1). The potential irregularities in
RNA concentration were balanced by using GAPDH to normalize all values. Effectiveness of procedure
was controlled by adding a negative control (RT-) concordantly to each qPCR reaction. 2ΔΔCt method
was adopted for analysis of fold changes in expression of all studied genes.

Table 1

 List and sequences of RT-PCR primer sequences.

Genes  FORWARD REVERSE

GAPDH GAAACCTGCCAAGTATGA GCTGTAGCCGTATTCATT

Fbp1 GTCCATCGGAACCATTTTTG TCCAGCATGAAGCAGTTGAC

G6pc ATGGTCACTTCTACTCTTGC CAAGATGACGTTCAAACAC

Pklr TAGGAGCACCAGCATCATTG CATCCCTGCCTTGATCATCT

Pck1 AGAAGGAGTACCCATTGAG CTGAGGGCTTCATAGACA

Hk1 TGCCATGCGGCTCTCTGATG CTTGACGGAGGCCGTTGGGTT

Gck TATGAAGACCGCCAATGTGA TTTCCGCCAATGATCTTTTC

Wnt2 AGAGTGCCAACACCAGTTCC TACAGGAGCCACTCACACCA

Wnt5b TCTCCGCCTCACAAAAGTCT CACAGACACTCTCAAGCCCA

Wnt9a CCCCTGACTATCCTCCCTCT GATGGCGTAGAGGAAAGCAG

Wnt9b GGGTGTGTGTGGTGACAATC TCCAACAGGTACGAACAGCA

Wnt4 CGAGGAGTGCCAATACCAGT GTCACAGCCACACTTCTCCA
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Statistical Analysis 

Statistical analysis and graphs were made by using Prism GraphPad 9 software (San Diego, CA) and P
0.05 was considered signi�cant.

Results
Blood Glucose random

After the induction of diabetes, the blood glucose level of DG, T1G and T2G groups were signi�cantly
elevated as compare CG group. At the end of the 4th week, the decline in blood glucose random was
signi�cant in T1G (P=0.0497) and T2G (P=0.0211) groups (Fig. 1a).

C-Peptide

C-Peptide level of the DG group was reduced signi�cantly as compare to CG group and an elevation was
observed in T1G and T2G but the increase was not signi�cant in T1G (P=0.0781) (Fig. 1b).

Histochemical Analysis

The control group (CG) revealed a normal hepato-architecture with radial morphology of hepatocytes and
normal sinusoids. Some pathological changes were observed in the diabetic group (DG), characterized as
ballooning of hepatocytes (› ), in�ltration of in�ammatory cells ( →), deposition of fat globules (▲ ), and

collagen deposition (   ). Whereas, PRP treated groups showed improvement in hepatic architecture
compared to DG. Improved hepatic architecture in T1G and T2G is characterized by improved sinusoids
and reduction in collagen deposition as compare to the diabetic untreated group. PRP treatment also
resulted in reduced vacuolization of the hepatic tissues (Fig. 2).

Gene Expression of Gluconeogenesis pathway genes 

Statistically signi�cant variations in the expression of Fbp1 were observed in the animal model of
experimentally induced diabetes (18 folds) compared to the control and a reverse effect was observed in
both treated groups T1G and T2G. Additionally, an escalation in the expression of G6pc (12 folds) was
observed in DG as compared to CG and showed a trend similar to Fbp1 in both T1G and T2G. Moreover,
DG showed decreased expression of Pck1, while its expression was increased signi�cantly in T2G
compared to T1G. An escalation was observed in Pklr expression (24 folds) was observed in DG
compared to CG but it was unchanged in T1G and T2G (Fig. 3a-d).

Gene Expression of Glycolysis pathway genes 

A concordant statistically signi�cant decline in expression of Hk1 was found in DG while a signi�cant
escalation was observed in both T1G and T2G. In line with it, Gck, in DG, showed decreased expression as
compared to CG and it signi�cantly increase in T1G and T2G compared to DG (Fig. 4a-b).
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Gene Expression of Wnt pathway genes 

Expression of the Wnt signaling pathway was observed by taking a few important genes such as Wnt2,
Wnt 4, Wnt5b, Wnt9a, and Wnt9b as a reference. Statistically noticeable variations were detected in the
expression of Wnt2 (42 folds), Wnt4 (16 folds), and Wnt9a (12 folds) genes among all groups as it was
increased in DG as compared to CG. The expression was decreased signi�cantly in both T1G and T2G.
Wnt5b and Wnt9b showed no signi�cant change in DG as compared to CG (Fig. 5a-e).

Discussion
Diabetes Mellitus (DM), a chronic disorder, requires a long-term remedy to control glucose in the blood, as
both hyperglycemia and hypoglycemia prompt severe health issues. DM affect about 390 million people
worldwide and the number is expected to grow up by 500 million by 2030 [19]. An alloxan induced
diabetic mice model was developed to mimic the human pathogenesis of DM by a single intraperitoneal
dose [20] and PRP treatment was employed to diabetic mice. Several studies have suggested the
antidiabetic potential and glycemic control capability of PRP in animals [21]. Previous studies revealed
the ability of autologous PRP to recover insulin secretion of pancreatic islets as well as to improve
oxidative stress and regulation of insulin and glucose levels in plasma in diabetic rats [22]. Current study
was therefore conceded to highlight the therapeutic outcome of heterologous platelet-rich plasma (PRP)
on diabetic liver injury by regulating glucose metabolism in a mice model of T2DM.

Analysis of blood revealed a higher level of glucose and C-peptide in diabetic group and PRP treatment
reversed the effect signi�cantly in T2G but it was insigni�cant in T1G (Fig. 1a,b). C- Peptide, as a result of
pro-insulin cleavage, is produced in equimolar concentration to insulin and it is used to detect
endogenous insulin secretion by β-cells of pancreatic islets as elevated level of C-Peptide in
hyperglycaemia indicates an inappropriately low level of insulin and consequent higher glucose in blood.

Histochemical analysis revealed a noteworthy increase in collagen protein in alloxan-induced diabetic
mice (Fig. 2b). Hepatic �brosis, the increased deposition of extracellular matrix (ECM) protein, is a major
cause of chronic liver injury [23] and T2DM potentiates liver in�ammation and ultimate severe liver failure
in addition to the prevalence of bacterial infections [24]. The in�ammation along with oxidative stress
causes chronic hyperglycemic injuries and lipid disorder in hepatic tissues [25]. Persistent hepatic �brosis
can lead to liver cirrhosis and ultimately to organ failure and death.

Moreover, ballooning of hepatocytes, in�ltration of in�ammatory cells and deposition of fat globules with
damaged sinusoidal spaces (Fig. 2a) was also observed in DG which is consistent with the previous
studies [19] and it was signi�cantly reduced in both the treated groups T1G and T2G. PRP may
ameliorate hepatic microarchetecture and reduce the accumulation of ECM and in�ammation in hepatic
tissues by moderating the activation of hepatic stellate cells (HSCs) as they have a critical role in hepatic
�brogenesis [26].
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The liver, as a central organ, is a key player of glucose homeostasis. To deepen the role of the liver in
glucose homeostasis, some indicators of glucose metabolism and the Wnt signaling pathway, connected
to impaired homeostasis of glucose in T2DM, were also investigated in current study. The expression of
some key gluconeogenesis genes, Fbp1, G6pc, and Pklr, was upregulated which is consistent with the
previous reports but we found reduced expression of Pck, another gluconeogenesis gene, in DG compared
to CG that contradict the previous studies [27]. The increased expression of Fbp1, Pklr, and G6pc
perceived in the current study is associated with the fact that mice liver might be able to boost the rate of
gluconeogenesis at a relatively earlier stage of diabetes to elevate glucose level in diabetic mice.

In the glycolytic pathway, it is reported that the activity of both Hk1 and Gck is decreased in the diabetic
liver which is in line with the previous study [28, 29]. The decreased expression of Hk1 and Gck detected
in the current study is also connected to the fact that mouse liver might be able to downregulate
glycolysis to elevate glucose level in diabetic mice. Taken together, our data implicate that
downregulation of glycolysis to decrease consumption of glucose and upregulation of gluconeogenesis
were augmented to yield higher glucose level (Fig. 1a). Increased gluconeogenesis accounted for about
90% elevation in hepatic glucose production and the remaining about 10% rise is probably contributed by
slightly elevated glycogenolysis in T2DM subjects [14]. PRP treatment restore the expression of Fbp1and
G6pc, which was increased in DM, to nondiabetic level but no signi�cant restoration in expression of Pklr
was observed. Pck1 expression tended to decrease in DM, and PRP therapy reversed the effect. Moreover,
the expression of Hk1 and Gck is also observed to be restored after the treatment of PRP.

The current study also showed an increased expression of Wnt2, Wnt4, and Wnt9a genes in DG as
compared to CG, and a noteworthy reduction in expression was observed in both T1G and T2G. DG
showed no signi�cant change in expression of Wnt5b and Wnt9b as compared to CG (Fig. 3). The Wnt
signaling pathway is critically important to modulate the differentiation of adipocytes [30]. Wnt2, Wnt4,
and Wnt5b have been studied previously and an escalation in expression was observed in experimentally
induced T2DM [31] but no direct evidence is available for the link of Wnt9a and Wnt9b to T2DM.
Expression of Wnt genes in preadipocytes inhibit the canonical Wnt signaling and increase adipogenesis
and expression of adipokine genes. The adipokines, synthesized and secreted by adipocytes, were
thought to be intricate in systemic insulin sensitivity. Thus, adipogenesis could be altered by the change
in Wnt gene expression and, consequently, it affects the risk of the onset of diabetes.

Taken together, the �ndings of the current study provide new insights to the control of hepatic glucose
metabolism and the development of T2DM and revealed that the heterologous PRP anticipates a
reduction in hepatic glucose production as well as glucose consumption. So, it may use as one of the
adjunctive therapies to treat T2DM in the future but further studies are warranted.

Abbreviations
PRP Platelet-rich plasma

T2DM Type 2 Diabetes Mellitus
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GFs Growth factors

DG Diabetic group

T1G Treated group 1

T2G Treated group 2
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Figure 1

Comparison of Glucose random (a) and C-Peptide (b) among groups. Statistically signi�cant difference
among groups is manifested in graph. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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Figure 2

See image above for �gure legend.
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Figure 3

Quanti�ed mRNA expression of gluconeogenesis genes. (a) Fbp1 (b) Pklr (c) G6pc and (d) Pck1. The qRT-
PCR data showed fold change in mRNA expression after normalization with GAPDH and statistical
signi�cance in mRNA expression are manifested in graph. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001;
Mean±S.E.M
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Figure 4

Quanti�ed mRNA expression of glycolysis genes. (a) Hk1 (b) Gck. The qRT-PCR data showed fold change
in mRNA expression after normalization with GAPDH and statistical signi�cance in mRNA expression are
manifested in graph. *p ≤ 0.05, **p

≤ 0.01, ***p ≤ 0.001; Mean±S.E.M
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Figure 5

Quanti�ed mRNA expression of Wnt signaling pathway genes. (a) Wnt2 (b) Wnt4 (c) Wnt5b (d) Wnt9a
and (e) Wnt9b. The qRT-PCR data showed fold change in mRNA expression after normalization with
GAPDH and statistical signi�cance in mRNA expression are manifested in graph. *p ≤ 0.05, **p ≤ 0.01,
***p ≤ 0.001; Mean±S.E.M 


