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Abstract- Despite dietary/lifestyle modifications as well as glycemic and lipid control, non-alcoholic fatty
liver disease (NAFLD) imposes a considerable risk to the patients by advancing to non-alcoholic steatohepatitis
(NASH). The present investigation aims to evaluate the protective potential of FPS-ZM1, a selective inhibitor
for advanced glycation end products (RAGE), against circulating indices of liver injury in high fat diet-induced
diabetic mice. FPS-ZM1 at 0.5. 1, and 2 mg/kg (orally) was administered for 2 months, starting 4 months after
provision of the high-fat diet. Tests for glucose homeostasis, liver injury markers, and hepatic/plasma miR-21
expressions were performed. FPS-ZM1 attenuated diabetes-induced elevations in serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), glutamate dehydrogenase (GLD), and alpha
glutathione-S-transferase (a-GST) as well as alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase
(GGT). It also decreased diabetes-associated elevations in serum ferritin and plasma cytokeratin 18 fragments.
Additionally, FPS-ZM1 down-regulated elevated expressions of miR-21 in the liver and plasma of diabetic
mice. These findings highlight the benefits of FPS-ZM in alleviating liver injury in mice evoked by high-fat
diet-induced type 2 diabetes and suggest FPS-ZM1 as a new potential adjunct to the conventional diet/lifestyle

modification and glycemic control in diabetics.
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Introduction

Diabetes mellitus is estimated to affect approximately
8.5% of the adult population universally, with type 2
diabetes constituting the majority (1). Diabetes is
associated with several co-morbidities, including chronic
liver, cardiovascular, and Kidney diseases, as well as
cancer. Non-alcoholic fatty liver disease (NAFLD) is the
most frequent hepatic sequelae encountered in more than
70% of type 2 diabetic patients (2). Fat deposition in more
than 5% of hepatic cells accompanied by trivial or no
alcohol consumption is defined as NAFLD; indeed, it is
termed non-alcoholic steatohepatitis (NASH) in more
advanced forms, manifested by severe hepatocellular
steatosis and liver inflammation, making the affected
individuals prone to cirrhosis in subsequent years (3,4).
While NAFLD is a benign condition, diagnosis and

treatment of NASH are highly important as it will become
the most frequent cause of liver transplantation in the near
future (5).

To date, several randomized clinical trials (RCTs)
have tested the efficacy of different treatment options on
diabetes-associated NAFLD/NASH. In this respect,
pioglitazone (a thiazolidinedione), vitamin E, liraglutide
(a glucagon-like peptide-1 receptor agonist), and
sitagliptin (a dipeptidyl peptidase-4 inhibitor) have been
trialed (6-9). Additionally, essential phospholipids,
fenugreek, and termis seeds have had alleviating effects
on clinical and experimental cases of NAFLD (10,11). In
spite of obtaining promising outcomes, a considerable
proportion of patients continued to demonstrate active
disease, which underlines the need for developing novel
adjunctive therapies.

Increased production of advanced glycation end
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products (AGEs) under hyperglycemic conditions of
diabetes exacerbates oxidative stress in hepatic tissues via
stimulating its correspondent receptors, RAGEs (12).
Considering increased expression and the crucial role of
RAGE in the pathogenesis of liver diseases, including
NAFLD/NASH (12,13), modulating these receptors
seems to be a plausible therapeutic intervention in terms
of alleviating hepatic injuries. FPS-ZML1 is the potent and
specific inhibitor of the RAGE (14), capable of
alleviating both glomerular and tubular injuries in
experimental diabetic models of rats (15,16). This agent,
moreover, have been shown to be effective against
diabetic retinopathy and neuropathy, significantly
improving the diabetes-associated lesions (17). On this
basis, we aimed to investigate the potential protective
effects of FPS-ZML1 against circulating indices of liver
injury in type 2 diabetic mice from a biochemical
perspective.

Materials and Methods

Animals and experimental protocol

30 male C57BL/6 mice (4 weeks old) were obtained
from Pasteur Institute, Tehran, Iran. Standard housing
conditions of 12 hours light, 12 hours dark, temperature
of 24° C, and free access to water and food were
observed. Study protocol was approved by the Ethics
Committee of Tabriz University of Medical Sciences. All
procedures were carried out according to the Guide for
the Care and Use of Laboratory Animals of the National
Institutes of Health.

The animals were divided into 5 groups of six per
each. Control group received the standard pelleted diet.
The remaining groups were fed the high fat diet (HFD)
containing 58% of fat, 26 % carbohydrate, and 16.4% of
protein for a period of 6 month (18,19). After 4 months,
HFD groups were arranged to receive vehicle (normal
saline) and 0.5, 1, and 2 mg/kg/day of FPS-ZM1 by intra-
gastric gavage and the administration continued for 2
months. At the ultimate day of the investigation, blood
samples of the euthanized mice were collected by cardiac
puncture and the livers were excised and freezed in liquid
nitrogen.

Biochemical assays

Serum Glucose, total triglyceride (TG), total
cholesterol (TC), high density lipoprotein-cholesterol
(HDL-C), and low-density lipoprotein-cholesterol (LDL-
C) as well as serum alanine aminotransferase (ALT),
aspartate  aminotransferase  (AST), and alkaline
phosphatase (ALP) activities were measured via
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commercial kits (Man, Tehran, Iran) using an automated
chemistry analyzer (Dirui, Shenzhen, China). Whole
blood hemoglobin Alc (Hb Alc) was quantified by a
micro-column chromatography assay kit (BioSystems,
Barcelona, Spain).

Serum immunoassays

Serum  c-peptide  levels were tested via
radioimmunoassay (RIA) kit (lzotop, Budapest,
Hungary), followed by measuring the gamma emissions
by using a gamma counter (RALS Gamma Counter
GAMMA-10, Shin Jin Medics, Goyang, South Korea).
An enzyme-linked immunosorbent assay (ELISA) kit
was adopted to measure plasma cytokeratin 18 fragment
levels (CK-18/M30 Fragment Asp 396, Pacific
Biomarkers, Seattle, Washington, USA). Serum a-GST
levels were assayed by using a chemiluminescent
immunoassay (CLIA) kit (EIAab, Wuhan, China), and
then a microplate luminometer (Lumex, Parsian Teb,
Tehran, Iran) was implemented to perform final
measurements. For quantifying serum ferritin levels, a
fluoro-immunoassay (FIA) kit (BioMérieux, Marcy-
I'Etoile, France) was utilized and the quantitative data
were obtained by MINI VIDAS immuno-analyzer
(BioMérieux, Marcy-I'Etoile, France).

RT-gPCR analysis of liver and plasma miR-21

Total RNA was extracted via miRNA Isolation Kit
(Favorgen Biotech, Pingtung, Taiwan). miR-21 levels
were quantified via TagMan assay (Tm 00397, Applied
Biosystems, Foster City, California, USA) according to
the manufacturer's manual. snoRNA234 (Tm001234;
Applied Biosystems) was used as the internal control for
normalization. In the end, the 2-24“ method was adopted
to calculate mir-21 relative expressions.

Statistical analysis

Descriptive data were expressed as meansSD.
Between-group comparisons were carried out using 1-
way ANOVA followed by a post hoc Tukey test (SPSS
Statistics software, version 18; SPSS Inc., USA). P<0.05
was considered significant.

Results

General characteristics of the study groups

Table 1 summarizes the general characteristics of the
study groups. All diabetic mice had elevated serum
glucose, blood Hb Alc, and serum c-peptide levels, and
treatment with FPS-ZM1 had no effect on these indices.
Similarly, elevated levels of serum TG, cholesterol, and
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LDL-C along with decreased levels of serum HDL-C
were observed in diabetic groups; and again, FPS-ZM1

had no impact on the indices of lipid profile (Table 1).

Table 1. General characteristics and lipid profile of the study groups

Control Diab FPS (0.5) FPS (1) FPS (2)
Glucose (mg/dL) 80.75+7.88 22753 £19.217 234.29 + 20.66 221.38 £25.16 229.75 +£23.51
Blood Hb Alc (%0) 4.41+0.86 8.95 + 1.05° 9.07+1.11 8.82+1.16 9.12+1.08
Serum c-peptide (ng/mL) 1.36 £0.22 4.77+0.63* 451+0.74 4.80 +0.59 4.68 +0.71
TG (mg/dL) 93.14 +8.55 113.30 + 14.422 118.25 +£19.37 112.74 +15.10 110.59 +18.92
TC (mg/dL) 81.28 +13.72 366.72 + 74.61° 379.29 +81.67 388.42 +70.35 358.84 + 77.46
HDL-C (mg/dL) 58.51+5.88 49.32 +3.91° 51.01 £5.07 50.29 +3.43 49.38 + 4.67
LDL-C (mg/dL) 2741+2.79 76.92 +11.31° 80.17+14.21 74.68 +10.88 79.26 +15.62

Control, healthy control mice; Diab, diet-induced diabetic control mice; FPS (0.5), diet-induced diabetic mice treated with 0.5 mg/kg FPS-ZM1,
FPS (1), diet-induced diabetic mice treated with 1 mg/kg FPS-ZM1; FPS (2), diet-induced diabetic mice treated with 2 mg/kg FPS-ZM1. Data are

presented as mean + SD

Hb Alc, hemoglobin Alc; TG, total triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density

lipoprotein-cholesterol
3P < 0.01 vs. Control

FPS-ZM1 dose-dependently attenuated serum levels
of hepatic enzymes

Serum levels of ALT, AST, ALP, and a-GST are
shown in (Table 2). Serum ALT, AST, and o-GST
demonstrated significantly elevated concentrations in
control diabetic mice. Indeed, serum ALP levels had
slightly, albeit statistically significant, elevations in the
control diabetic group. While FPS-ZM1 significantly
reduced serum levels of these enzymes, the most
pronounced reductions were observed for serum ALT,
AST, and o-GST concentrations. It is worthy of
underlining that all reductions followed a dose-dependent

nature.

FPS-ZM1 dose-dependently decreased serum ferritin
and plasma cytokeratin-18 fragment levels

As shown in (Table 2), control diabetic mice had
remarkably raised levels of both cytokeratin-18 fragment
and ferritin in their plasma and serum, respectively. 2-
month FPS-ZM1 treatment in type 2 diabetic mice
emerged to mitigate both plasma cytokeratin-18
fragments and serum ferritin levels dose-dependently
(Table 2).

Table 2. Serum markers of liver injury in all study groups

Control Diab FPS (0.5) FPS (1) FPS (2)
ALT (IU/L) 62.48 + 8.31 275.62 + 23.79° 231.58 + 25,16 208.37 + 21.45° 189.63 + 19.579
AST (1U/L) 122.78 +15.29 419.36 + 38.77° 382.83 + 33.45) 327.23 + 41.62¢ 290.93 + 32.35¢
ALP (1U/L) 105.72 +10.33 195.47 + 18.49° 18832 +19.15 173.56 + 15.96" 154.27 + 16.11¢
0-GST (ng/mL) 6.73+2.86 35.49 + 4,23 2955 + 3.77° 24.85 + 3.91° 18.14 + 4.29°
Ferritin (ng/mL) 166.81 + 25.67 463.21 +42.75° 410.59 *+ 39.68° 371.41 +43.74° 328.23 + 34.49¢
Cytokeratin 18 107.39 + 26.64 566.47 + 91.32° 479.32 + 71510 353.66 + 82.35¢ 305.11 + 70.88

fragments (U/L)

Control, healthy control mice; Diab, diet-induced diabetic control mice; FPS (0.5), diet-induced diabetic mice treated with 0.5 mg/kg FPS-
ZM1; FPS (1), diet-induced diabetic mice treated with 1 mg/kg FPS-ZM1; FPS (2), diet-induced diabetic mice treated with 2 mg/kg FPS-

ZM1. Data are presented as mean£SD

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl trasnpeptidase; GLD,

glutamate dehydrogenase; a-GST, alpha glutathione-S-transferase

3P < 0.01 vs. Control. °P < 0.01 vs. Diab. °P < 0.01 vs. FPS (0.5). 9P < 0.01 vs. FPS (1)

FPS-ZM1 down-regulated liver and
expressions of miR-21

As illustrated in Figure 1, miR-21 showed notably
elevated expressions in mice of the control diabetic

plasma
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group. These diabetes-induced elevations in liver and
plasma miR-21 expressions were efficiently decremented
by FPS-ZM; once more, the reductions turned out to be
dose-dependent (Figure 1).
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Figure 1. Effects of FPS-ZM1 on liver and plasma expressions of miR-21 in high fat diet-induced diabetic mice. Control, healthy control mice;
Diab, diet-induced diabetic control mice; FPS (0.5), diet-induced diabetic mice treated with 0.5 mg/kg FPS-ZM1; FPS (1), diet-induced diabetic mice
treated with 1 mg/kg FPS-ZM1; FPS (2), diet-induced diabetic mice treated with 2 mg/kg FPS-ZM1. *P<0.01 vs. control; #P<0.01 vs. Diab;
**P<0.01 vs. FPS (0.5); ***P<0.01 vs. FPS (1); ##P<0.01 vs. FPS (1)

Discussion

In the present study, we showed that FPS-ZM1
attenuated serum markers of hepatobiliary injury,
including ALT, AST, GLD, a-GST, ALP, and GGT in
high-fat diet-induced type 2 diabetic mice. It further
decreased diabetes-induced elevations in plasma
cytokeratin-18 fragment and serum ferritin. Additionally,
up-regulated liver and plasma expressions of miR-21
were obviated after FPS-ZM1 treatment for two months.

AGEs, final products of Amadori reactions formed by
glycation of proteins, are increasingly produced under
diabetic conditions due to persistent hyperglycemia (20).
These compounds are termed glucotoxins as their
interaction with their correspondent receptors (RAGES)
triggers a myriad of intracellular signaling pathways,
including NF-xB, that leads to tissue dysfunction by
initiating oxidative stress and inflammation (20). AGE-
associated RAGE activation has been identified as the
triggering factor for the NAFLD transit to NASH (21).
Indeed, it has been demonstrated that antibody-mediated
RAGE inhibition could alleviate lipopolysaccharide-
induced hepatic oxidative stress along with its associated
damages (22).

FPS-ZML1, the specific chemical inhibitor of RAGEs
(14), has proven protective effects against diabetic
nephropathy, lung emphysema, and neuroinflammation
by down-regulating the levels of nuclear phosphorylated
NF-kB p65 subunits and mitigating inflammatory
cytokines and chemokines including, but not limited to,
tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-
6), monocyte chemoattractant protein 1 (MCP-1), and
transforming growth factor beta (TGF-B) in the affected
tissues (23-25).

In the present investigation we first confirmed the
development of high fat diet-induced type 2 diabetes
mellitus by demonstrating high serum levels of glucose,
whole blood hemoglobin Alc, and raised levels of serum
c-peptide (26,27). Moreover, control diabetic mice had
elevated serum levels of liver injury markers including
ALT, AST, GLD, and o-GST. Also, Serum indices of
biliary tract involvement i.e. ALP and GGT turned out to
be mildly increased. GLD is principally located in the
mitochondria of hepatic cells and therefore, its elevations
denote the severeness of liver involvement (28). a-GST
is a cytosolic enzyme in hepatic cells like ALT and AST;
however, itis evenly distributed across the cells in hepatic
lobules, which makes it a more sensitive marker of liver
injury than ALT and AST (29-31). In addition to being an
intracellular iron-storing protein, ferritin independently
predicts histopathologic severity and tissue fibrosis in
NAFLD patients (32). More importantly, cytokeratin 18,
the structural protein abundant in hepatocytes, is
fragmented by caspase-3 in apoptotic cells, and
accordingly, its elevated levels in plasma is a reliable
distinguishing marker for NAFLD and NASH (33). In the
present study, FPS-ZM1 not only decreased serum levels
of general hepatic injury markers; but also dose-
dependently reduced serum and plasma levels of ferritin
and plasma cytokeratin 18 fragments.

Accumulating evidence, obtained both by animal and
human studies, signifies increased hepatic and plasma
miR-21 levels as the fibrosis indicator in NASH (34,35).
Mechanistically, in vitro studies on hepatic cell lines have
documented the crucial role of miR-21 in promoting lipid
accumulation by targeting 3-hydroxy-3-methylglutaryl-
CoA reductase (HMGCR) (36). In addition to enhancing
lipid accumulation, miR-21 promotes the progression of
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hepatocellular carcinomas through acting upon the
HBP1-p53-Srebplc pathway (37). The protective
potential of FPS-ZML1 against hepatic injury was also
revealed by demonstrating decreased miR-21
expressions, both in the liver and plasma, in the current
investigation.

In conclusion, our findings uncovered that specific
RAGE inhibition by FPS-ZM1 reduced circulating levels
of liver injury indices in a dose-dependent manner; it also
down-regulated hepatic and plasma levels of liver fibrosis
indicator, miR-21 in high fat diet-induced type 2 diabetic
mice. It should, however, be underlined that without liver
histological assessments, FPS-ZM1’s protective impact,
specifically on NAFLD/NASH could not be claimed.
Furthermore, the investigated enzymes and soluble
proteins possess, more or less, wide tissue distribution
from the individual perspective; in spite of that, their
upraise in collection, could be regarded as the indicator
of hepatic injury in diabetic mice.
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