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Abstract  

Background: Glypican-4 (GPC4) is a novel adipokine  
thataffects insulin signaling, and adipocyte differentiation.  
Serum GPC4 level was associatedwith obesity-related param-
eters such as hyperglycaemia, Insulin Resistance (IR), and  
elevated liver enzymes aspartate Amino-Transferase (AST),  

and alanine Amino-Transferase (ALT).  

Non-Alcoholic Fatty Liver Disease (NAFLD) has emerged  
as one of the manifestations of metabolic syndrome. It is  

usually associated with IR, dyslipidemia, and elevated AST  
& ALT levels.  

Few studies were performed to elucidate the role of GPC4  
in the development of NAFLD in human, and its relation to  
other metabolic parameters. But, its exact role hasn't been  

clarified yet.  

Aim of Study: To estimate serum level of GPC4 in NAFLD  
induced by high fat diet in adult male albino rats, and to  

examine its relationship to other metabolic parameters.  

Material and Methods:  A total number of 60 healthy adult  
male local strain albino rats were divided into 2 main groups:  

Control group (I) (n=30) were fed on standard chow, and was  

further subdivided according to the period of their nourishment  
on standard chowinto 3 equal subgroups (n=10), subgroup  
(IA), for 4 weeks, subgroup (IB), for 12 weeks, andsubgroup  

(IC), for 24 weeks High Fat Diet (HFD) fed group (II) (n=30)  

were fed on high fat chow, and was further subdivided accord-
ing to the period of their nourishment on HFDinto 3 equal  

subgroups (n=10), subgroup (IIA): For 4 weeks, subgroup  

(IIB), for 12 weeks, andsubgroup (IIC), for 24 weeks. Body  

Mass Index (BMI), Abdominal Circumference (AC) were  
measured. Serum GPC4, glucose, insulin, ofhomeostasis  

model assessment (HOMA-IR)-index, Total Cholesterol (TC),  

Triglycerides (TG), High Density Lipoprotein (HDL), Low  

Density Lipoprotein (LDL), AST, ALT, and C-Reactive Protein  

(CRP) were estimated. Liver histopathology was studied.  

Results: GPC4 was positively correlated with BMI, AC,  
TC, TG, LDL, AST, ALT, and CRP in all HFD-fed rats groups.  
Concerning, IR and HOMA-IR, it was found that, GPC4 was  

positively correlated with both of them in HFD-fed rats for  
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4 weeks and 12 weeks groups, however, no correlations were  
reported between GPC4 and IR & HOMA-IR in HFD-fed rats  
for 24 weeks group.  

Conclusion: Serum GPC4 level was increased in HFD-
fed rats for 4 weeks and 12 weeks groups as a compensatory  

mechanism to overcome IR, and was reduced in HFD-fed rats  
for 24 weeks group due to failure of compensation as a result  

of marked progress of IR.  
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Introduction  

GPC4  is an adipokine released from adipose tissue,  
and related to glycosylphosphatidylinositol- 
anchored heparin sulfate proteoglycans family [1] .  

Gesta et al., [2]  demonstrated that GPC4 is  
differentially expressed in visceral and subcutane-
ous adipose tissue, and its expression in human  

white adipose tissue is highly correlated with BMI  

and WHR. It was found that GPC4 can interact  

with, and regulate insulin receptor activation which  

in turn enhances insulin signaling and adipocyte  
differentiation. So, it is closely related to metabolic  

functions [3] .  

NAFLD is a common chronic liver condition  
caused by a build-up of fat in the liver, and it is  
usually seen in overweight and obese individuals.  
NAFLD represents a spectrum of pathology ranging  

from simple steatosis, to Nonalcoholic Steatohep-
atitis (NASH), to the most danger stage fibrosis  

and cirrhosis [4] . So, theearly stage of NAFLD  
doesn't usually cause any harm, but if it gets worse,  

it may lead to serious liver damage including  

cirrhosis [5] .  

It has been shown that NAFLD is strongly  
associated with the features of metabolic syndrome  

such as hyperglycemia, IR, dyslipidemia, and  
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elevated liver enzymes AST & ALT [6] . Also,  
NAFLD may be considered the hepatic manifesta-
tion of metabolic syndrome [7] .  

Few researchers examined the role of GPC4 in  
the pathophysiology of NAFLD as an example of  
the manifestations of metabolic syndrome in hu-
man, and they studied the relation of GPC4 to other  
metabolic parameters such as IR, lipid profile, and  

liver enzymes ALT & AST [8] , which are the bi-
omarkers of NAFLD [9] .  

So, this work was designed to evaluate the level  
of serum GPC4 in NAFLD induced by high fat  
diet in adult male albino rats. And, to clear up the  
relationship between GPC4 and other metabolic  

parameters related to NAFLD in rats.  

Material and Methods  

A total number of 60 healthy adultmalelocal  

strain albino rats weighing 180-220gm were ob-
tained from the Animal House of Faculty of Veter-
inary Medicine, Zagazig University.  

Animals were saved in steel wire cages, (40 X  
28 X 18cm), 5 rats per cage, under hygienic con-
ditions in the Animal House of Faculty of Medicine,  

Zagazig University. This study was performed  
from May 2018 to December 2018. All animals  

received care in accordance with the guide to the  

care and use of experimental animals of Institute  
of Laboratory Animal Resources [10] . All rats had  
free access to water and commercial rat standard  

chow that was formed of 62.8% carbohydrates,  
11.4% fat, and 25.8% protein [11] . Rats were kept  
at comfortable temperature (20-24ºC) and were  

maintained on a normal light/dark cycle [12] . After  
one week of acclimatization the animals were  
randomly divided into two main groups:  
• Control group (I): (n=30), in which ratswere fed  

on commercial rat standard chow, and were fur-
thersubdivided according to the period of their  

feeding on the standard chowinto three equal  
subgroups (n=10); subgroup (IA): For 4 weeks,  
subgroup (IB): For 12 weeks, and subgroup (IC):  

For 24 weeks [11] .  

• HFD -fedgroup (II):  (n=30), in whichratswere fed  
on High-Fat (HF) chow that was formed of 24%  

carbohydrate, 58.0% fat, and 18% protein (23.4  
kJ/g) andwere furthersubdivided according to the  

period of their feeding on HF chowinto three  

equal subgroups (n=10); subgroup (IIA): For 4  

weeks to producesteatosis, subgroup (IIB): For  

12 weeks to produce NASH, and subgroup (IIC):  
For 24 weeks to produce cirrhosis [13] .  

(Standard and HFD chows were purchased from  

the Faculty of Agriculture, Zagazig University).  

Anthropometric measures:  
Calculation of BMI: (g/cm 2):  The weights and  

lengths were measured at the end of the experiment,  

and immediately before they were sacrificed for  

calculation of the BMI. It can be calculated by  
dividing body weight (g)/length 2  (cm2). Weight  
was measured by using a digital scale in grams  
according to Nascimento et al., [14] , and nose to  
anus length was measured in cm. according to  
Novelli et al., [15] .  

Measuring of Abdominal Circumference (AC):  

Rats were put in the ventral position and waist  

circumference was measuredfrom the largest region  

of the rat's abdomen using a plastic non-resilient  

measuring tape [16] .  

Collection of blood samples:  Rats were fasted  
overnight, and then were sacrificed at the end of  

the experimentusing light ether anesthesia. Blood  

samples (6-8ml/rat) were obtained by decapitation  

of animals between 9-11 a.m. The collected blood  
was permitted to be clotted for 2 hours at room  
temperature before being centrifuged at 3000r.p.m.  

for 15 minutes. The supernatant serum was pipetted  

off using fine tipped automatic pipettes and stored  
at –20ºC until be analysed. Repeated freezing and  

thawing was avoided [17] .  

Biochemical analysis:  
-  Estimation of Serum glypican-4 level was done  

by using Rat Glypican-4 Enzyme-Linked Immu-
noassay (ELIZA) kit according toAbdolmaleki  
and Heidarianpour [18]  Catalog MBS726386 with  
detection range from: 0.5-10ng/ml and sensitivity:  
0.1ng/ml from MyBioSource, Inc. San Diego,  
CA 92195-3308.USA.  

-  Estimation of serum glucose levels according to  

Tietz et al., [19]  and serum insulin levels by  
Enzyme-Linked Immunosorbent Assay (ELISA)  
according to Temple et al., [20] .  

- HOMA-IR was calculated as follows: [HOMA-
IR] = Fasting serum glucose (mg/dl) X fasting  
serum insulin (µIU/ml)/405 according to Mat-
thews et al., [21] .  

- Estimation of lipid profile as follows: Total serum  
cholesterol levels: According to Allain et al., [22] ,  
serum TG levels: According to Naito et al., [23] ,  
serum HDL levels according to Warnick et al.,  

[24] , and serum LDL levels was calculated ac-
cording to Friedewald et al., [25]  as follows: LDL  
= TC - HDL - TG/5 (kits for estimation of serum  

glucose, insulin, cholesterol, TG and HDL levels  
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were purchased from Biosource Europe S.A.  

Belgium).  

-  Estimation of serum alanine aminotransferase  

(ALT) and aspartate aminotransferase (AST)  

levels: According to Rec. [26]  (kits for estimation  
of ALT &AST were purchased from Shanghai  

Sunred biological technology, China).  

- Estimation of serum C-Reactive Protein (CRP):  

According to Kimberly et al., [27]  by using rat  
Immuno-enzymometric assay kits, (MonobindInc  
Lake Forest, Ca 92630, USA).  

Histopathological examination of liver:  

- All removed livers were fixed in 10% buffered  
formalin solution for a period of 48-60 hours.  

then, tissue samples were treatedwith ethyl alcohol  

and xylene series, and installed in paraffine  
blocks. Liver specimens were sectioned (5µm  
thick), then stained with hematoxylin and eosin  

[28].  

-  An expert pathologist examined the stained sam-
ples blindly using light microscope with camera  

attachment to demonstrate the various patholog-
ical stages of NAFLD from simple steatosis to  

NASH to cirrhosis according to Kleiner et al.,  
[29].  

Statistical analysis:  The data gained in thiscur-
rentwork were expressed as mean ±  SD for quan-
titative variables and statistically analyzed accord-
ing to the methods described by Kirkwood, [30] .  
The statistical analysis is done by using SPSS  

program (version 20 for windows) (SPSS Inc.  

Chicago, IL, USA).  

ANOVA (Post hoc) test was used to compare  
means among more than two groups.  

p-value <0.05 was considered statistically sig-
nificant.  

Correlation coefficient ( r): Pearson's correlation  
analysis was performed to illustrate the relation-
ships between serum GPC4 and the studied meta-
bolic parameters among different groups. Pearson's  

correlation was considered significant at p-values  
<0.05.  

Results  

Histopathological findings:  
Normal hepatic tissue from the control groups  

(IA, IB, IC) showing normal morphology of central  
vein and hepatic lobules (H & E: X400) Figs.  
(1-3). While fat vacuoles were observed in group  
(IIA) representing simple steatosis (H & E: X400)  

Fig. (4), and steatohepatitisevidenced by the pres-
ence of inflammatory cells with fat vacuoles and  
fibrosiswere seen in group (IIB) (H & E: X400)  
Fig. (5). In addition, the liver tissue in group (IIC),  
showing the presence of fat vacuoles along with  

cirrhotic nodules indicating the occurrence of  
cirrhosis (H & E: X400) Fig. (6).  

Anthropometric parameters, serum GPC4 level,  
and metabolic parameters (Table 1):  

This study revealed that in group IIA (HFD-
fed rats for 4 weeks) there were significant increase  

in BMI, AC, serum levels of GPC4, glucose, insu-
lin, HOMA-IR value, TC,TG, LDL, ALT, AST,  
and CRP when compared to their control group  

IA, (p-value: <0.001 for all). While there was  
significant reduction of serum HDL level in group  

IIA when compared to its level in group IA (p<  
0.01).  

In addition, there were significant increase in  

BMI, AC, serum levels of GPC4, glucose, insulin,  
HOMA-IR value, TC, TG, LDL, ALT, AST, and  
CRPin group IIB (HFD-fed rats for 12 weeks)  

when compared to their control group IB, (p-value:  
<0.001 for all). While there was significant reduc-
tion of serum HDL level in group IIB when com-
pared to its level in group IB (p<0.001).  

Moreover, in group IIC (HFD-fed rats for 24  
weeks) there were significant increase in BMI,  

AC, serum levels of glucose, insulin, HOMA-IR  
value, TC, TG, LDL, ALT, AST, and CRP when  
compared to their control group IC, (p-value:  
<0.001 for all respectively). While there were  
significant reduction of serum GPC4, and HDL  

levels in group IIC when compared to their levels  
level in group IC (p-value: <0.01, <0.001 respec-
tively).  

It has been shown that, in group IIB, BMI, AC,  

serum levels of GPC4, glucose, insulin, HOMA-
IR value, TC, TG, LDL, ALT, AST, and CRP were  

significantly elevated when compared to their  

values and levels in group IIA (p-value: <0.001  
for all). While there was no significant change of  

serum HDL level in group IIB when compared to  

its level in group IIA (p>0.05).  

Also, in group IIC, there were significant in-
crease in BMI, AC, serum levels of glucose, insulin,  
HOMA-IR value, TC, TG, LDL, ALT, AST, and  
CRP when compared to group IIA, ( p-value: <0.001  
for all). While there were significant reduction of  

serum levels of HDL, and GPC4 in group IIC when  
compared to their levels in group IIA ( p-value:  
<0.01, <0.001 respectively).  
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In addition, there were significant increase in  

BMI, AC, serum levels of glucose, insulin, HOMA-
IR value, TC, TG, LDL, ALT, AST, and CRP, in  
group IIC when compared to group IIB, (p-value:  

<0.001 for all). While there were significant reduc-
tion of serum levels of HDL, and GPC4 in group  

IIC when compared to their levels in group IIB  

(p-value: <0.01, <0.001 respectively).  

Fig. (1): Liver tissue sections (H & E X400) from the control  

groupswith a normal morphology showed central  
vein and liver lobules.  

Fig. (2): Liver tissue sections (H & E X400) from the control  

groupswith a normal morphology showed central  
vein and liver lobules.  

Fig. (3): Liver tissue sections (H & E X400) from the control  

groupswith a normal morphology showed central  
vein and liver lobules.  

Fig. (4): Liver section (H & E X400) from group IIA showed  

fat vacuoles (black arrow), central vein (red arrow),  

and representing simple steatosis.  

Fig. (5): Liver section (H & E X400) from group IIB showed  

inflammatory cells (black arrow), fibrosis (green  
arrow) and fat vesicles (red arrow), and represent-
ingsteatohepatitis.  

Correlations between serum GPC4 level and  
all studied parameters (Table 2): This study re-
corded significant positive correlations between  

Fig. (6): Liver section (H & E X400) from group IIc showed  

fat vacuoles (green arrow), cirrhotic nodule (black  

arrow), and representing liver cirrhosis.  

serum GPC4 level and each of BMI, AC, TC, TG,  
LDL, ALT, AST, and CRP in the three HFD-fed  
rats.  



Doaa A. Abdel-Moety, et al. 4489  

Table (1): Anthropometric parameters, serum GPC4 level, and metabolic parameters among different studied groups.  

Group IA  
Control (4W)  

Group IIA  
HFD (4W)  

Group IB  
Control (12W)  

Group IIB Group IC  
HFD (12W) Control (24W)  

Group IIC  
HFD (24W)  

BMI (g/cm2)  0.45± .018  0.68±0.019***a  0.52± .025  0.86±0.032***b ,d 0.57± .016  0.96±0.019***c ,d,e  

AC (cm)  18.3±0.40  21.4±0.36***a  17.7± .42  22.6±0.31 *** b,d 19.3±0.34  24.9±0.12*** c,d,e  

Glypican4 (ng/ml)  2.06±0.23  2.97±0.36***a  2.05±0.16  3.54±0.17***b ,d 2.08±0.22  1.74 ±0.17**c ,***d ,e  

Glucose (mg/dl)  82.9±0.72  149± 1.14*** a  84.8±0.79  224.8± 1.17***b ,d 85.8±0.88  283.7± 1.05*** c,d ,e  

Insulin (µIU/ml)  19.6±0.83  33±0.91 *** a 
 19.5±0.86  40.3±0.89***b ,d 19.6± 1.01  54.8±0.75*** c,d,e  

HOMA-IR  4.7±0.47  12.5± .37***a  4.3± .32  23.2± .45***b ,d 4.0± .16  37.9±0.39*** c,d,e  

Cholesterol (mg/dl)  60.6±4.3  94.0±2.7***a  74.8±8.9  105.1 ±6.7***b 74.2±8.7  247.8±2.7*** c,d,e  

Triglyceride (mg/dl)  50.0±2.2  90.9±4.1 *** a 
 46.3±3.1  133.1 ±9.3 ** * b,d 55.7±5.0  283.8±29.2***c ,d,e  

LDL (mg/dl)  26.3±3.2  78.7±4.2***a  27.3±3.0  118.3±3.2***b,d 23.0±3.1  158.0±3.5*** c,d,e  

HDL (mg/dl)  28.6± 1.7  24.6±3.6** a  29.8± 1.8  24.7±2.4***b 27.3±2.2  20.5±2.3***c ,** d,e  

ALT (U/L)  41.3±2.3  100.6±2.5*** a  48.3±2.1  132.6±2.3 ** * b,d 50.7± .64  149.9±2.4*** c,d,e  

AST (U/L)  142.9±2.1  177.7± 1.9*** a  150.1 ±2.1  186.3± 1.0***b ,d 151.2± 1.1  208.3± 1.2*** c,d,e  

CRP (mg/l)  0.03±0.002  0.08±0.001 *** a 
 0.03±0.001  0.11 ±0.002***b ,d 0.04±0.001  0.18±0.001 *** c,d,e  

a = vs group IA.  d = vs group IIa.  * = Significant (p<0.05).  
b = vs group IB.  e = vs group IIB.  ** = Significant (p<0.01).  
c = vs group IC.  *** = Significant (p<0.001).  

Group IIA (r=0.987***, p<0.001, r=0.983***,  
p<0.001, r=0.947***, p<0.001, r=0.839**, p<0.01,  
r=0.691 *, p<0.05,  r=0.656, p<0.05,  r=0.686*,  
p<0.05, r=0.623*, p<0.05 respectively), group IIB  
(r=0.974***, p<0.001, r=0.939***, p<0.001, r=  
0.949***, p<0.001, r=0.877**, p<0.01, r=0.645*,  
p<0.05, r=0.885**,  p<0.01, r=0.871 **, p<0.01,  
r=0.641 *, p<0.05 respectively), and group IIC  
(r=0.970***, p<0.001, r=0.966***, p<0.001, r=  
0.965***, p<0.001, r=0.876**, p<0.01, r=0.844**,  
p<0.01, r= 0.826**,  p<0.01,  r=0.847**, p<0.01,  
r=0.881 * *, p<0.01 respectively).  

However, no significant correlations were re-
ported between serum GPC4 level and serum glu-
cose or HDL in the three HFD-groups: IIA ( r=  
0.271IS, p>0.05, r=0.298IS, p>0.05 respectively),  

IIb (r=0.153IS,  p>0.05, r=0.341IS, p>0.05 respec-
tively), and IIC (r=0.221IS, p>0.05, r=0.247IS, p  
>0.05 respectively).  

Concerning serum insulin level, and HOMA-
IR, it has been found that, serum GPC4 level was  

positively correlated with insulin, and HOMA-IR  
in group IIA (r=0.848**, p<0.01, r=0.856**,  
p<0.01 respectively), and IIB ( r=0.866**, p<0.01,  
r=0.867**, p<0.01 respectively). However, no  
significant correlation was reported between GPC4  

and either serum insulin or HOMA-IR in group  
IIC (r=0.374IS, p>0.05, r=0.412IS, p>0.05 respec-
tively).  

No significant correlations were recorded be-
tween GPC4 and any of the studied parameters in  

the control groups (IA, IB, IC).  

Table (2): Correlations between serum GPC4 level and all studied parameters among different studied.  

Group IA  
Control (4W)  

Group IIA  
HFD (4W)  

Group IB  
Control (12W)  

Group IIB  
HFD (12W)  

Group IC  
Control (24W)  

Group IIC  
HFD (24W)  

BMI (gm/cm2)  r=0.216IS  r=+0.987***  r=0.311 IS  r=+0.974***  r=0.218IS 
 r=+0.970***  

AC (cm)  r=0.311 IS  r=+0.983***  r=0.305 IS  r=+0.939***  r=0.355IS  r=+0.966**  
Glucose (mg/dl)  r=0.113 IS  r=0.271 Is  r=0.235 IS  r=0.153 IS  r=0.117IS  r=0.221 IS  

Insulin (µIU/ml)  r=0.124IS  r=+0.848**  r=0.144IS  r=+0.866**  r=0.13 8 IS  r=0.374 IS  

HOMA-IR  r=0.305 IS  r=+0.856**  r=0.305 IS  r=0.867**  r=0.315IS  r=0.412IS  

Cholesterol (mg/dl)  r=0.338 IS  r=+0.947***  r=0.319IS  r=+0.949***  r=0.213IS  r=+0.965***  
Triglyceride (mg/dl)  r=0.137 IS  r=+0.839**  r=0.126IS  r=+.877**  r=0.426IS  r=+0.876**  
LDL (mg/dl)  r=0.215 IS  r=+0.691 *  r=0.178 IS  r=+0.645*  r=0.115 IS  r=+0.844**  
HDL (mg/dl)  r=0.195 IS  r=0.298 Is  r=0.183 IS  r=0.341 IS  r=0.025IS  r=0.274 IS  

ALT (U/L)  r=0.119 IS  r=+0.656*  r=0.117 IS  r=+0.885**  r=0.114IS  r=+0.826***  
AST (U/L)  r=0.201 IS  r=+.0.686*  r=0.046IS  r=+0.871 **  r=0.275IS  r=+0.847***  
CRP (mg/l)  r=0.203 IS  r=+0.623 *  r=0.104IS  r=+0.641 *  r=0.033IS  r=+0.881**  

p<0.05  p>0.05  p<0.01  

r : Correlation coefficient versus serum GPC4 level.  
IS : Insignificant (p>0.05).  

* 
** 
***  

: Significant (p<0.05). 
: Significant (p<0.01). 
: Significant (p<0.001).  
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Discussion  

Studies ere performed to investigate the rela-
tionship of serum GPC4 and obesity-related meta-
bolic parameters such as BMI, fasting insulin, IR,  
AST and ALT [8,31,32] .  

NAFLD is considered as one of the manifesta-
tions of obesity-related metabolic disorders and is  

usually associated with IR, and elevated serum  

levels of AST and ALT which are its biomarkers  

[33] .  

Few studies were designed to find the link  
between serum GPC4 and NAFLD [8] . So, inter-
estingly, this was the first study that has been  

performed to clarify the relationship of serum  
GPC4 level with different metabolic parameters  

in NAFLD in an animal model.  

The currentworkobserved that there was a sig-
nificant progressive increase in BMI, AC, serum  

glucose and insulin levels, HOMA-IR values, TC,  
TG, LDL, and CRP serum levels, in HFD-fed  
groups. Also, there was a significant reduction in  

HDL levels in the same groups.  

Many criteria of metabolic syndrome (metS)  

such as excess body fat around the waist, hyperg-
lycemia, Insulin Resistance (IR), andbdyslipidemia  
were present in this modelaccording to Timpson  
et al., [34]  and You-Min et al., [35] classification.  
Also, these findings are in agreement with those  

of other studies [36,37] .  

In addition, the histopathological examination  

of the liver according to Kleiner et al., [29] ; illus-
trated: (I) Simple steatosis in HFD-fed rats for  

4weeks (group IIA) that was evidenced by the  
presence of fat vacuoles with no-inflammatory  

lesion, (II) NASH in HFD-fed rats for 12 weeks  

(group IIB) that was evidenced by occurrence of  
fibrosis and the presence of inflammatory cells,  

(III) Cirrhosis in rats fed HFD for 24 weeks (group  
IIC) that was evidenced by loss of normal hepatic  

morphology and the appearance of cirrhotic nod-
ules, Figs. (4-6). These histopathologicalfindings  
were accompanied with a significant increase in  

ALT and AST serum levels in a duration dependent  
manner.  

These results are in agreement with those of  

Svegliati-Baroni et al., [13] and Zhang et al., [38]  
who found that, HFD effectively induced hepatic  

steatosis and steatohepatitis in rats.  

The peripheralIR observed in this present stud-
yamong the HFD-fed rats groupscan induce hepatic  
steatosis, indicatingthe presence of IR in liver [39] .  

As, IR impairs insulin suppressing effect on hepatic  

glucose production, and on lipolysis resulting in  
enhancing the release of FFA from adipose tissuet-
hat willdisturb lipid metabolism and this aggravate  

peripheral IR and contributes to the developmentof  

NAFLD [40,41] .  

Moreover, IR and hyperinsulinemia are usual-
lyclosely relatedto the inflammatory reactions, and  

the release of inflammatory mediators as CRP that  

accompaniedadvanced stages of the disease [42] .  
Also, obesity-associated inflammatory conditions  
evokes the adipocytes to release inflammatory  

mediators thatworsen the inflammatory process  

[43] .  

The results of this study showed that, there  
were significant increase in BMI, WC, serum levels  

ofglucose, insulin, HOMA-IR, TG, TC, HDL, LDL,  
ALT, AST and CRP in all high fat diet groups (IIA,  
IIB, IIC) when compared to their control groups  
(IA, IB, IC respectively). And, there were signifi-
cant increase in all the previous data in groups IIB  

and IIC when compared to group IIA, and also, in  

group IIC when compared to group IIB.  

Concerning serum GPC4 level, it increased in  
HFD groups (IIA, IIB) when compared to their  
controls (IA, IB) respectively. However, serum  

GPC4 level significantly decreased in group IIC,  

when compared to its control group IC.  

In addition, this study reported significant  

positive correlations of serum GPC4 level with  
each of BMI, WC, TG, TC, LDL, AST, ASL, and  
CRP levels among all the high fat diet groups (IIA  

IIB, IIC).  

Moreover, significant positive correlations were  
recorded between serum GPC4 level and each of  

serum insulin level and HOMA-IR in groups IIA  

and IIB. However, serumGPC4 level was not cor-
related with serum insulin level or HOMA-IR in  
group IIC.  

In addition, no significant correlations were  
reported between serum GPC4 level and serum  

glucose or HDL levels in all the HFD groups (IIA,  
IIB, and IIC).  

These results were in accordance with, the  
findings of Zhu et al., [31] , who observed that serum  
levels of GPC4 increased in obese patients with  
insulin resistance and recorded positive correlations  

between serum GPC4 levels and each of BMI,  

fasting serum insulin level, HOMA-IR, TC, LDL,  

ALT, and AST levels, while no correlationwas  

found with fasting serum glucose. However, they  
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reported no correlation of GPC4 levels with TG,  

and negative correlation with HDL.  

Leelalertlauw et al., [44] found that serum GPC4  
levelsincreased with increasing the degrees of  
obesity in children, and were significantly positively  

correlated with BMI, WHR, TC, LDL, ALT, and  

AST for the same age-group. And, at the same  
time, they reported no correlations between serum  

GPC4 level and serum glucose level through dif-
ferent conditions of glucose metabolism. But,  
Leelalertlauw et al., [44] differed with this study,  
in that, they did not find any correlations of serum  

GPC4 level with insulin sensitivity and P -cell  
function indices in obese children.  

Moreover, previous studies coincide with these  
findings, and illustrated that serum GPC4 levels  

elevated in overweight and obese than non-
obeseindividuals, and reported significant positive  

correlations with BMI, WHR, serum insulin level,  
and HOMA-IR in over-weight and obese individ-
uals [2,45] .  

A study performed by Ussar et al., [3] on mice  
and humans showed that in the markedly obese  
mice (ob/ob mice) used as a model for diabe-
tes,serum GPC4 level decreased with the presence  

of the high blood glucose level and the hyperin-
sulinemia, but it increased in HFD-fed mice that  

can maintain normal glycaemia and normal insuli-
naemia when compared to controls, but in humans,  
Ussar et al., [3]  found that serum GPC4 level was  
elevated in overweight and obese subjects when  

compared to controls, and was positively correlated  
with BMI, WHR, insulin level, and HOMA-IR.  
But, they did not record any relation of GPC4 level  
with fasting plasma glucose, TC, LDL, or HDL.  

On the other hand, Yoo et al., [8] disagreed with  
us in that plasma GPC4 level had no significant  

correlation with BMI, and had significant positive  
correlations with each of glucose, and the ratio of  

visceral to subcutaneous fat in Korean women with  

NAFL disease. However, the same study of Yoo  

et al., [8]  coincided with the present work, in that,  

plasma GPC4 level showed significant positive  

correlations with HOMA-IR, TG, ALT, and AST  
levels.  

In line with the findings of this study, Li et al.,  
[46] showed thatcirculating plasma GPC4 levels  
were elevated, and positively correlated with serum  

insulin level and HOMA-IR value in overweight  

and obese subjects with IGT when compared to  

non-obese subjects with NGT. And, at the same  
time,this study revealed significant reduction in  

plasma GPC4 level in newly diagnosed type II  

diabetes even less than its value in normal healthy  
controls with NGT, and found no correlation of  

GPC4 with serum insulin or HOMA-IR value in  
the newly diagnosed diabetic group. But, they  

recorded negative correlations between GPC4 and  
each of fasting plasma glucose and glycosylated  
haemoglobin (HbA1c) in IGT and diabetic groups  
[46] .  

Li et al., [46] interpreted these changes in serum  

GPC4 level from prediabetic to diabetic state as  

the increase of insulin level in the early prediabetic  
state with IGT leads to the activation of Glycosyl-
phosphatidylt Inositol-specific Phospholipase D1  

(GPLD1) [47,48] which in turn is responsible for  
cleavage of GPC4 [49,50] , and this will lead to  
increased circulating GPC4 level. With the devel-
opment of prediabetic state to type II diabetes, the  

progression of insulin resistance leads to a decrease  

in the activity of GPLD 1 and a reduction in the  
circulating GPC4 levels [46] .  

Moreover, discrepencies in the relationship of  

GPC4 level to insulin resistance might be described  
as a result of the bell-shaped profile of GPC4 level  

from normal to a prediabetic (IGT), and to a dia-
betic state. So, it is not easy to record its relation  

to insulin resistance in recently discovered type II  
diabetes [46] .  

In contrast with our findings, Lee et al., [32]  
found that, in type II diabetes, plasma GPC4 level  

did not show any significant changes among quar-
tile groups based on BMI and HOMA- (3 . And, they  
reported no correlations between GPC4 level and  
BMI or HOMA- (3  in these quartile groups. At, the  
same time, they observed that GPC4 level was  

negatively associated with HOMA-IR among quar-
tile group based on HOMA-IR.  

Also, Lee et al., [32]  disagreed with us, in that  
they recorded no significant correlations between  

GPC4 and any of WHR, TC, TG, LDL, and ALT.  

And they reported a negative correlation of GPC4  

with AST. But, they agreed with us, in that they  
did not find any correlation between GPC4 and  
either plasma glucose or HDL.  

Concerning CRP, it was observed that its level  
increased progressively in all HFD-fed rat groups  
with different stages of NAFLD indicating different  

degrees of the inflammatory process of NAFLD,and  
these results are in agreement with other studies  

[42,43] .  

In addition, a significant positive correlation  
of serum GPC4 level with CRP was reported in all  
HFD-groups that could be supported by the study  



4492 Relationship between Serum GPC4 Level & Metabolic Parameters in Fatty Liver  

of Linder and Fisher [51]  who found that plasma  
GPC4 is elevated in patients with severe sepsis/  

septic shock and positively correlated with CRP  

and other markers of systemic inflammation.  

Our findings could be interpreted as the signif-
icant increase of serum GPC4 level observed in  

the HFD-fed rats for 4 and 12 weeks (groups IIA,  
IIB respectively), may be considered as a compen-
satory mechanism by which fat tries to overcome  

IR [Sanal, 2015]. As, the increase in serum insulin  

level will increase circulating GPC4 level by in-
creasing its cleavage. While, the significant reduc-
tion in serum GPC4 level in HFD-fed rats for 24  

weeks (group IIC) may be due todecompensationoc-
curred with the progression of hyperinsulinemia  

and IR, as the unreasonable elevation of insulin  
suppress the cleavage of GPC4 and decreasing its  

circulating level [48,50] .  

In additition, the explanation for the different  
correlations reported between serum GPC4 level  
and HOMA-IR in this study among different HFD-
groups may be related to the bell-shaped profile  
of GPC4 level through different conditions of IR  
[46] .  

Discrepencies, between the results of this study,  
and those of others might be related to using dif-
ferent kits or animal models, various duration and  

study design.  

Conclusions:  
Serum GPC4 level increased and positively  

correlated with insulin and HOMA-IR in HFD-fed  

rats for 4 weeks with simple steatosis and HFD-
fed rats for 12 weeks steatohepatitis to compensate  

for the developed hyperinsulinemia and IR. While,  

it decreased and not correlated with insulin or  
HOMA-IR in HFD-fed rats fed for 24 weeks with  
cirrhosis due to decompensation caused by the  
highly progress of hyperinsulinemia and IR in this  
stage.  

Serum GPC4 level was positively correlated  
with BMI, WC, TC, TG, LDL, CR and not corre-
lated with glucose nor HDL in all HFD-fed rats  

groups with different stages of NAFLD.  

Further studies are required to clarify the phys-
iological role of GPC4 in the pathogenesis of  
NAFLD.  
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