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Abstract

Background: The prevalence of obesity is increasing worldwide and recurrent attempts for losing
weight are very common. Diet cycling predisposes to health hazards including non-alcoholic fatty
liver disease (NAFLD). Aim: to evaluate the effect of diet cycling on the course of NAFLD. Materials
and methods: Seventy-two male albino Sprague-Dawly rats were used in the study. Rats were
equally divided into three groups: Normal rat chow diet (NCD) control group, high fat diet (HFD)
group, and diet cycling group. NCD and HFD groups were kept on NCD and HFD respectively for
the overall experimental period. Diet cycling group was fed with HFD for eight weeks to induce
NAFLD, and then shifted to NCD for four weeks, followed by HFD for four weeks to allow rebound
weight gain. By the end of eight, twelve and sixteen weeks, eight rats from each group were ran-
domly selected and evaluated for body mass index (BMI), liver index, lipid profile, free fatty acids,
liver enzymes, homeostasis model assessment index for insulin resistance (HOMA-IR) index, tu-
mor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and transforming growth factor-p1 (TGF-
B1).+ Hepatic oxidative stress enzymes were also measured. Liver histopathology and alpha-
smooth-muscle actin (a-SMA) immunoreactivity were evaluated. Results: Diet cycling group
showed significant increase in BMI, Liver index, serum inflammatory markers, and concomitant
significant decrease in hepatic glutathione peroxidase levels. In addition, marked fatty and in-
flammatory infiltrations were observed in diet cycling group. Conclusion: Diet cycling had a nega-
tive influence on NAFLD and interfered with normal liver function. These results suggest that re-
bound weight gain negatively affect the course of NAFLD.
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to induce liver fat accumulation and a se-
cond hit prompts steatosis progression to
non-alcoholic steatohepatitis. The most

Introduction

Nonalcoholic fatty liver disease (NAFLD) is

one of the most common forms of liver
diseases worldwide(™. The prevalence of
NAFLD may be as high as 76% in obese sub-
jects®. The biological mechanism underly-
ing steatosis occurrence and progression
to non-alcoholic steatohepatitis is not en-
tirely understood. A two-hit hypothesis has
been proposed(6); in which a first hit is able

widely supported theory implicates insulin
resistance as the key mechanism in primary
NAFLD, leading to hepatic steatosis. The
presumed factors initiating second hit are
oxidative stress and subsequent lipid pe-
roxidation, proinflammatory cytokines
(principally TNF-a) and hormones derived
from adipose tissue (adipocytokines)?. It is
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reported that chronic increase in dietary fat
intake greatly affects the liver®™). Unfor-
tunately, high fat diet (HFD) can cause
NAFLD through either eliciting hepatic
steatosis; reducing hepatic insulin sensitivi-
ty or increasing hepatic oxidative stress,
leading to lipid peroxidation and inflamma-
tion in the hepatocytes, proinflamm-
atory cytokines may also have a role(®).
NAFLD encompasses a spectrum of liver
pathology from isolated steatosis to non-
alcoholic steatohepatitis, where fat accu-
mulation is associated with inflammation
and/or evidence of cellular injury and cir-
rhosis™. Caloric restriction is considered
the most effective tool for reducing the
body fat mass but, recently, much has been
said about obesity and the difficulties in
maintaining long-term body weight con-
trol. In addition, the increasing lean model
has induced many people to make frequent
attempts at dieting". Therefore, studies
on the effect of weight cycling on obesity
induced NAFLD are very important. So, the
aim of this study was to address the effect
of diet cycling and rebound weight gain on
the pathogenesis of NAFLD in rats.

Materials and Methods

Experimental animal

Seventy-two male albino Sprague-Dawly
rats, obtained from the Egyptian Organiza-
tion for Biological Products and Vaccines
(Cairo, Egypt), were used in the current
study. Rats had an initial body weight in the
range of 120-150 g. All rats were left to ac-
climatize for one week prior to the experi-
ment and were housed in plastic cages
maintained at controlled room tempera-
ture (22-24 C) with 12 hour diurnal (day and
night change) with free access to normal
chow diet which contains 67% carbohy-
drates, 10% fat, and 23% protein as the en-
ergy sources (overall calorie: 3.6 kcal/g)
and tap water. All experimental protocols

were approved by the Animal Care and Use
Committee at the Faculty of Medicine, Suez
Canal University.

Experimental design

Rats were randomly divided into three
equal groups; (n= 24 rats). Normal rat chow
diet (NCD) group, which served as a control
group and was maintained on NCD
throughout the experimental period of 16
weeks. High fat diet (HFD) group, which
was maintained on a HFD for 16 weeks. Di-
et cycling group which was fed HFD for 8
weeks, followed by NCD for 4 weeks and
followed by HFD for 4 weeks. The HFD was
prepared by mixing 2 g cholesterol, 10 g
lard oil and 88 g normal pellet chow. The
HFD was composed of the following ener-
gy sources: 52% was provided by carbohy-
drates, 30% by fat, and 18% by protein
(overall calories: 4.8 kcal/g). The NCD was
composed of the following energy sources:
67% carbohydrates, 10% fat, and 23% protein
(overall calorie: 3.6 kcal/g)™.

Blood and tissue sampling

By the end of eight, twelve, and sixteen
weeks, eight rats from each group were
fasted overnight. The body weight and
length were measured. BMI was calculated
according the formula (BMI = body weight
(g)/length® (cm?))". Rats were anesthe-
tized by ketamine (80 mg/kg, i.p.) and
blood samples were collected by cardiac
puncture. The collected samples were cen-
trifuged for 3 min at 1000xg to obtain the
serum, which was then stored at -80 °C.
The liver was rapidly dissected, washed
with ice cold 0.9% Nacl solution, weighed
and the liver index was calculated (liver
weight/body weightx100). One part of the
liver (0.3g) was then blotted and finally
kept at -80°C. Liver samples were taken 5
mm away from the edge of the largest he-
patic lobe, fixed with 10% (v/v) formalde-
hyde, embedded in paraffin wax, and



AbogreshaNM et al.

18

stained with hematoxylin and eosin (H&E)
and Masson's trichrome stain.

Measurement of serum biochemical parame-
ters

Serum activity of alanine transaminase
(ALT) and aspartic transaminase (AST)
were spectrophotometrically measured
using commercial kits (Biocon Diagnostic,
Germany). Glucose, Total cholesterol (TC),
and triglycerides (TG) measurements were
performed with commercial kits on the
Cobas c¢311 autoanalyzer (Roche Diagnos-
tics, Germany). Free fatty acids assay was
performed with BioVision’s Free Fatty Acid
Quantification Colorimetric Kit. ELISA kits
for serum levels of TNF-a, IL-6, IL-10 (Ray
Biotech Inc., Norcross, USA), TGF-p1
(Boster Biological technology, Wuhan, Chi-
na) and insulin (Crystal Chem Inc., Downers
Grove, IL 60515, USA) were used. The as-
says were carried out according the in-
structions of the manufacturer using an
automated ELISA reader (Europe S.A. Bel-
gium). Insulin resistance was determined
using the homeostasis model assessment
index for insulin resistance (HOMA-IR) us-
ing the following formula: HOMA-IR index=
[fasting glucose (mmol/L) xfasting insulin

(uu/ml)]/ 22.5).

Measurement of hepatic oxidative stress en-
zymes:

Oxidative stress markers: Lipid peroxidase,
superoxide dismutase, catalase (CAT) and
glutathione peroxidase were measured in
liver homogenate. Tissue samples were
homogenized in four volumes of ice-cold
Tris-HCl buffer (50 mM, pH 7.4) on homog-
enizer (Ultra Turrax IKA T18 Basic, USA) for
2 min at 5,000 g at 4°C. Then the level of
lipid peroxidase was measured using the
method of Draper(Te). Superoxide dis-
mutase (SOD) level was measured accord-
ing to the method of Woolliams"™. CAT ac-
tivity was quantified in liver tissue by the
method of Aebi™®. Glutathione peroxidase

level was measured according to the
method described by Beutler™. All assays
were spectrophotometrically done using
UV-visible spectrophotometer (UV-1601PC,
Shimadzu, Japan).

Histopathological examination

All histological examinations were per-
formed by an experienced pathologist who
was blinded to the experiment groups. The
paraffin-embedded liver tissues were cut
into 4-um sections, and standard H&E
staining was performed. Hepatic fibrosis
was assessed by Masson stain. Ten 200x
light microscopic fields were viewed on
each section and scored for the severity of
hepatic steatosis, inflammation and fibrosis
according to the following criteria: For he-
patic steatosis: grade o, no fat; grade 1,
steatosis occupying less than 33% of the
hepatic parenchyma; grade 2, steatosis oc-
cupying 34-66% of the hepatic parenchyma
and grade 3, steatosis occupying more than
66% of the hepatic parenchyma. For in-
flammatory cell infiltration: grade o: none;
grade 1, 1-2 fociffield; grade 2, 3-4 fo-
ciffield; grade 3, more than 4 foci/field. The
staging of hepatic fibrosis was investigated
by Masson's trichrome staining as follows:
0, none; 1, mild, zone 3, perisinusoidal; 2,
moderate, zone 3, perisinusoidal; 3, por-
tal/periportal; 4, bridging fibrosis®®"

Immunostaining

Paraffin-embedded liver tissues were
deparaffinized with xylene series, washed
well with graded ethanol and perm-
eabilized with 0.2% trypsin at room temper-
ature for 30 min. After inactivation of en-
dogenous peroxidase by 3% H,O, for 20
min, tissue sections were washed with
phosphate-buffered saline (PBS) and re-
acted with mouse anti-rat alpha-smooth-
muscle actin (a-SMA) (Sigma, Ltd., St Louis,
MO, at dilution 1:200. PBS replaced the
primary antibody as a negative control. Fol-
lowing primary antibody incubation, the
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tissue sections were washed in PBS and
incubated with secondary antibody for 30
min at room temperature. The tissue sec-
tions were then washed with PBS, reacted
with 0.01% H,0, and 3, 3’ diaminobenzidine
(DAB; Dako, Denmark) at room tempera-
ture for 3-5 min, washed again with PBS
and covered with glycerin gelatin for light
microscopy™.

Statistical Analysis

Data were expressed as mean + SEM unless
otherwise specified, and analyzed using the
Statistical Package of Social Sciences (SPSS
program, version 17, SPSS Inc., Chicago, IL,
USA). The difference of mean values
among groups was assessed by one-way
analysis of variance (ANOVA) followed by
Bonferroni’s multiple comparisons test. P
value < 0.05 was considered significant.

Results

Effects of HFD on body weight, liver weight,
BMI and liver index

HFD group at 8, 12 and 16 weeks had signif-
icant increase, in body weight, liver weight,
BMI and liver index versus NCD control
group (p< 0.05). At 8 weeks, the diet cy-
cling group showed a significant increase in
body weight, liver weight, BMI and liver
index versus NCD control group at 8, 12 and
16 weeks. At 12 weeks, the diet cycling
group had a significant decrease in body
weight, BMI and liver index versus HFD
group at 8, 12 and 16 weeks. At 16 weeks,
the diet cycling group showed a significant
increase in body weight and BMI versus
NCD control, HFD groups at 8, 12 and 16
weeks and diet cycling group at 8 weeks.
Also, diet cycling group at 16 weeks had a
significant increase in the liver weight and
index versus NCD control group at 8, 12 and
16 weeks (p< 0.05). (Table 1).

Table 1: Weight, Length, BMI, Liver Weight, Liver Weight Index

Liver wt
Group Weeks # Weight (g) Length(cm)  Liver weight (g) BMI index
Control 8 weeks 145+17.3 19.0%+1.15 4.45+0.87 0.40%£0.007  2.745%0.15
12 weeks 149.3+0.5 19.67+0.58 4.83+0.23 0.38+0.02 2.24%0.14
16 weeks 158.3+36.8 19.00+1.0 5.03+1.76 0.43%0.06 2.79%0.41
HFD 8 weeks 238.5426.1% 18.25+1.5 7.58+0.80% 0.93%0.05%* 5.67+0.57"
12 weeks 254.6+10.3% 21.30£0.45 7.90+1.87% 1.15+0.03% 6.71+1.06"
16 weeks 300.6+34.2% 21.3+2.08 9.5+1.70% 1.33+0.05* 8.68+0.21"
Cycling 8 weeks 230.25%27.9% 18.75+0.50 7.475+0.71% 1.19+0.05% 5.59+.059"
12 weeks 176.33%6.51F 20.0%1.0 5.0£0.26 0.54+0.04t 3,.4to.21T
16 weeks 369.8+9.7*%1$ 20.0%1.09 8.97+1.52% 1.92+0.01*1$ 7.79+0.37"

All data are expressed as mean = SEM. and were analyzed using one-way ANOVA and Bonferronii's post-hoc
test. *=Cycling and HFD group compared to control group 8,12,16 weeks at P< 0.05. f=Cycling group com-

pared to HFD 8,12,16 weeks group at P< 0.05. . $= Cycling group 16 weeks compared to cycling group 8

weeks at P< 0.05. @= liver weight/body weightx100

Serum biochemical parameters

i) Liver functions: At 8 weeks, on compari-
son to control group, serum AST was sig-
nificantly higher in HFD and diet cycling
groups (p<0.05). At 12 weeks, HFD group
showed significant increase in serum AST
and ALT concentrations versus NCD and

diet cycling groups (p<0.05). At 16 weeks,
diet-cycling group showed significant in-
crease in serum AST and ALT when com-
pared to both NCD and HFD groups. In
addition, HFD group had a significant in-
crease in serum AST and ALT concentra-
tions versus NCD group (p<0.05, Table 2).
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Table 2: Liver Functions, Serum Fasting Insulin, Fasting Blood

Group Weeks # AST ALT HOMAIR  Fasting insulin Fas;;zfobslg‘)d
(mg/dL) (mg/dL) (U/dL) (pmol/L) (mg/dL)
Control 8 weeks 152+61.1 40.5%+28.2 0.9%4.5 7.6%1.53 78.5+17.8
12 weeks 145.6%76.9 48.67%7.2 1.2£0.9 7.1£3.6 73.6x37.8
16 weeks 105.1£97.0 50.67%19.7 0.87+0.17 3.3%1.3 73.3%56.8
HFD 8 weeks 276.0+37.1" 60.0%5.4 6.01.0" 27.0%3.7" 115.7+18.5%
12 weeks 243.2+50.2" 85.0+17.7" 7.6+0.8" 26.4+3.1" 102.2410.7%
16 weeks 212.6+35.9°  82.6%11.01" 6.5+0.1" 25.5+0.5" 93.3+16.4%
Cycling 8 weeks 203.0%43.6°  63.0 *5.8 5.5+1.2" 29.0 #4.0° 110.0+12.3%
12 weeks 192.3%23.7°7  42.0%+2.6' 4.9%2.2" 10.8436.4" 70.3 +59.4t
16 weeks 283.9+47.4°7  160%+32.0"  10.0%0.7'™ 37.4+3.6 93.3+34.9%

All data are expressed as mean + SEM and were analyzed using one-way ANOVA and Bonferronii's post-hoc
test. *=Cycling and HFD group vs. control group 8,12,16 weeks at p< 0.05. t=Cycling group vs. HFD 8,12,16
weeks group at p< 0.05. $=Cycling group 16 weeks vs. cycling group 8 weeks at p< 0.05.

i) Fasting blood glucose, Fasting Insulin
concentrations and HOMA-IR index
Compared to control group, fasting blood
glucose, fasting serum insulin concentra-
tions and HOMA-IR showed significant in-
crease in HFD group at 8 weeks, 12 and 16
weeks. Diet cycling group showed signifi-
cant increase in fasting serum insulin con-
centration and HOMA-IR index at 8, 12 and
16 weeks and a significant increase in fast

ing serum glucose concentration at 8 and
16 weeks versus NCD group. Fasting serum
glucose concentration was significantly
lower in diet cycling group at 12 weeks
versus HFD group. Fasting serum insulin
concentration and HOMA-IR index were
significantly higher in diet cycling group at
16 weeks than HFD group and diet cycling
group at 8 weeks. (Table 2).

Table 3: Serum Triglycerides, T. cholesterol, TNF-a, IL-6, IL-10 and TGF-J3 levels

Groups Triglycer— T. choles- TNF-a L6 IL10 TGF-B

Weeks #  ides(mg/dl)  terol (pg/m) (pg/ml) (pg/m) (ng/ml)
(mg/dr)

Control

8 weeks 69.5%1.7 49.0%2.3 28.60+2.65 36.65+4.45 172.3£4.8 0.013+0.003

12 weeks  62.0%2.0 54.3+7.2 39.8+10.1 42.2+9.79 168.9%9.4 0.014%0.004

16 weeks  58.0+27.0 51.0%20.4 33.4%20.9 40.56+11.0 132.1419.5  0.011£0.004

HFD

8 weeks  184.0+37.0°  98.7+15.2" 88.0%25.9°  98.18#3.97%  65.9+11.2°  0.047%0.001"

12 weeks  241.2+86.5°  119.8430.4  105.0+14.3  96.2%31.7* 59.2+24.3°  0.047%0.002"

16 weeks  248.6#33.1°  172.6£4.9%  113.6%4.1" 112.4£17.0%¥  72.9%10.7  0.042%0.001"

Cycling

8 weeks 189.01r37.o* 92.6i4.9* 72.4118.5* 111.2+15.8% 79.9114.0* 0.04610.002*

12 weeks 55.3i16.7T 78.315.5T 97_9i13_2* 103.2+32.6* 87.2114.6’”‘ 0.04710.004*

16 weeks  227.3+41.6" 153.8#37.9"  146.5+13.5"%  119.0+10.1*  74.4%15.7°  0.045+0.002"

All data are expressed as mean + SEM and were analyzed using one-way ANOVA and Bonferronii's post-hoc
test. *=Cycling and HFD group vs. control group 8,12,16 weeks at p< 0.05. 1= Cycling group vs. HFD 8,12,16
weeks group at p< 0.05. . $= Cycling group 16 weeks vs. cycling group 8 weeks at p< 0.05.

iii) Serum lipids and inflammatory markers
1- Serum TG and TC concentrations

At 8 weeks, compared to control group,
serum TG and TC were significantly higher
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in HFD group and diet cycling group (p<
0.05). At 12 weeks, HFD group showed
significant increase in serum TG and TC
concentrations versus NCD and diet cy-
cling groups (p< 0.05). At 16 weeks, serum
TG and TC levels showed significant in-
crease in HFD and diet cycling groups ver-
sus NCD group (p< 0.05) (Table 3).

2- Serum TNF-w, IL-6, IL-10 and TGF-6 levels
Compared to NCD group, TNF-a, IL-6 and
TGF-B levels showed significant increase in
HFD and diet cycling groups at 8, 12 and 16
weeks. IL-10 levels showed a significant
decrease in HFD and diet cycling groups
versus NCD group at 8, 12 and 16 weeks.
At 12 weeks, IL-10 level was significantly
higher in diet cycling group versus HFD
group (p< 0.05,Table 3).

Oxidative stress markers in liver tissue and
serum Free Fatty Acids (FFA)

Compared to control group, the level of
lipid peroxidase was significantly higher
and glutathione peroxidase level was sig-
nificantly lower in the HFD and diet cycling
groups at 8, 12 and 16 weeks. At 16 weeks,
the level of glutathione peroxidase was
significantly decreased in diet cycling
group versus HFD group and diet cycling
group at 8 weeks. Regarding FFA levels; at
8 weeks, compared to control group, se-
rum FFA level was significantly higher in
HFD and diet cycling groups (p< 0.05). At
12 weeks, serum FFA level was significant-
ly higher in HFD than NCD and diet cycling
groups (p< 0.05). At 16 weeks, serum FFA
level was significantly higher in HFD and
diet-cycling groups versus NCD group and
the increase in serum FFA concentrations
in diet cycling group was significantly
higher than HFD group and diet cycling
group at 8 weeks. (Table 4).

Table 4: Hepatic Oxidative Stress Enzymes, FFA Levels

Group Superoxide Lipid Peroxide  Catalase Glutathione FFA levels
Weeks # (u/gm. LT) (nmol/gm. LT)  (u/gm.LT) (u/gm. LT) (mmol /L)
Control
8 weeks 262.50+43.30 31.84#1.20 1.23+.06 156.99* 24.04 0.75 = 0.14
12 weeks 250.33%43.02 26.28%5.40 1.28+0.59 163.93%24.04 0.76 £ 0.13
16 weeks 287.50£57.28 26.28+5.41 1.28+0.59 197.26+33.69 0.79 +0.18
HFD
8weeks  309.38+18.5 46.44%3.69 1.09+0.11 106.72+67.39" 0.98 +0.15"
12 weeks  315.0%33.54 48.91#5.12" 1.24%0.11 122.91%17.12" 1.02+0.17"
16 weeks  337.5%0.001 79.89+3.32" 1.19%0.03 85.39+11.23" 11+0.2"
Cycling
8 weeks 318.75+21.65 56.4413.69* 1.09%0.11 104.72167.38* 0.96+0.11
12 weeks 300.0+37.5 42.23t1.71* 1.23+0.12 114.7412.83* 0.88 to.14Jr
16 weeks  300.0+0.01 68.27+5.29" 1.1840.10 58.36+0.00 7 137+ 0.42""

Data are expressed as mean + SEM, and were analyzed using one-way ANOVA and Bonferronii's post-hoc
test. *=Cycling and HFD group vs. control group 8,12,16 weeks at p< 0.05. t=Cycling group vs. HFD 8,12,16
weeks group at p< 0.05. $= Cycling group 16 weeks vs. cycling group 8 weeks at p<0.05. LT=liver tissue.

Liver histopathological results

Eight and twelve weeks of HFD feeding in
rats in duced grade 1 (mild) steatosis with
mild lobular and perisinusoidal inflamma-
tion. At the end of 16 weeks, HFD group
showed grade 2 steatohepatitis, and diet

cycling group revealed a more advanced
grade of steatosis (grade 3) with grade 2
hepatitis (Table 5 and figure 1A). Both, diet
cycling group at 16 weeks and HFD group
at 12 and 16 weeks shared comparable
stages of fibrosis (Table 5 and figure 1B).
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The livers of rats in HFD group at 12 and 16
weeks showed significant increase in a-
SMA immunoreactivity with  marked
perisinusoidal distribution versus control

Table 5: Hepatic histopathological score

group. These results were compatible with
those of diet cycling group at16 weeks
(Figure 2).

Groups Weeks # Steatosis Inflammation Fibrosis stage
score score 0 1 2 3 4
Control 8 weeks 0 0 8 0o o o0 o0
12 weeks o] 0 8 0o o o0 o0
16 weeks o] 0 8 0o o0 o0 o0
HFD 8 weeks 0.67+0.33" 0.330.12" 6 2 0 0 o0
12weeks 1.6 #0.35 1.90+0.87" 6 1 1 0 o0
16 weeks  2.61+0.2" 2.540.70% 0o 2 6 0 o0
Cycling 8 weeks 0.70+0.25 0.47+0.11" 6 2 0 0 o0
12 weeks 0.33,10.51T 1.60+0.26" 6 2 o o0 o
16 weeks 3.3 0.7 " 3.8+0.52"" 5 2 1 0 o0

Data are expressed as mean * SEM and were analyzed using one-way ANOVA and
Bonferronii's post-hoc test. *=Cycling and HFD group vs. control group 8,12,16 weeks at p<
0.05. 1= Cycling group vs. HFD 8,12,16 weeks group at p < 0.05. $=Cycling group 16 weeks vs.

cycling group 8 weeks at p< 0.05. n=24

Discussion

Although weight cycling is commonly oc-
curred in overweight and obese popula-
tion, its consequence on the liver is still de-
bated. It is not clear if weight cycling poses
greater risk than obesity maintenance or
not. The present work assessed the effect
of diet cycling on the established NAFLD.
Several studies reported that NAFLD sever-
ity is proportional to HFD intake(®*"%, So,
in order to simulate the pathophysiological
alterations that happened in real NAFLD,
we selected the HFD model as was demon-
strated previously™. In the present study,
eight weeks of HFD feeding in rats induced
grade 1 (mild) steatosis with mild lobular
and perisinusoidal inflammation. Other
studies, reported diffuse mixed hepatic
steatosis after HFD for four weeks(™), six
weeks®®, or twelve weeks®”). Our results
revealed that HFD feeding for 8 weeks in-
duced a marked elevation in the BMI, liver
index, liver weight and activities of liver en

zymes, several studies reported similar re-
sults®®3%), In the current study, shifting to
NCD in diet cycling group for 4 weeks al-
most reversed these changes dramatically.
Unfortunately, returning back to HFD in the
diet cycling group markedly increased BMI,
liver weight and index and liver enzymes,
and in this time, these changes were
stronger in diet cycling at 16 weeks than
HFD group at 16 weeks and diet cycling
group at 8 weeks. The aggressive weight
regain in the diet-cycling group in our study
is supported by both rat diet cycling mod-
els and human weight regains data. This
finding may be due to persisted energy gap
and increased drive to eat after diet shift-
ing®™3?, Also weight regain may induce
more rapid adipose tissue growth and hy-
perplasia due to metabolic shifts favoring
lipid storage®?. The marked increase in
liver weight, index, and enzymes with diet
cycling reflected severe liver injury.
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Control

HFD 12 weeks

T . e
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Figure 1: A) Photomicrographs showing the histopathological changes in the liver of rats from the different
experimental groups. Grade 1 steatohepatitis was evident in continuous HFD 8 and 12 weeks. Grade 2
steatohepatitis at continuous HFD 16 weeks. Grade 3 steatosis, grade 2 hepatitis at cycling 16 weeks (H&E
x100).Arrows pointed to inflammatory foci B) Masson’s stain Photomicrographs showing mild to moderate
stages of fibrosis present in the study groups.
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Figure 2: A) Photomicrographs showing the immunostaining for a-SMA in rat liver from significant experi-
mental groups. There is increase in the expression of a-SMA marker in continuous HFD 16 weeks as well as
cycling 16 weeks (IHC, 100X). B) Optical density for a-SMA immune-positive cells in continuous HFD 16 weeks
as well as cycling 16 weeks groups relative to the control group was quantified by Image-Pro Plus 0.6 soft-
ware. Values are expressed as mean + SEM and were analyzed using one-way ANOVA and Bonferroni post-
hoc test. *=Cycling and HFD group vs. control group 8,12,16 weeks at P< 0.05. =Cycling group vs. HFD 8,12,16
weeks group at P< 0.05. . $=Cycling group 16 weeks vs. cycling group 8 weeks at P< 0.05.
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This finding may be explained by
lipotoxicity which is attributed to increased
hepatic fat load in the setting of reduced
antioxidant(®343%. Such increased load, es-
pecially after diet cycling was confirmed in
our study by the histopathological findings
as grade 2 steatohepatitis was evident in
HFD group at the end of 16 weeks, while
diet-cycling group at 16 weeks revealed a
more advanced grade of steatosis (grade 3)
with grade 2 hepatitis. With HFD, signifi-
cant elevations in total cholesterol and tri-
glycerides in the sera of rats were observed
in the current study. In agreement with our
results, a significant elevation in serum tri-
glycerides® or both serum total choles-
terol and triglycerides were observed after
HFD feeding®®93?).These elevated levels
were reversed after shifting to normal diet
in the diet cycling group. Continuous HFD
for 16 weeks shared the same lipid profile
of the diet cycling group at 16 weeks. Con-
sistently, researchers noted no long term
adverse effects of cycling on lipid profile®®
37), Qur findings can be explained under the
umbrella of increased BMI and hence adi-
posity with increased adipose tissue re-
leases of FFA resulting in hypertriglycer-
idemia®® as well as hypercholesterole-
mia®9. The marked increase in FFA in the
diet cycling group may be due to the in-
creased adipose tissue which is manifested
by increased BMI even more than the con-
tinuous HFD group. In addition, adipose
tissue is a metabolically active tissue which
is responsible for production of pro-
inflammatory cytokines®®, most notably
TNF-a which in turn increases FFA re-
lease!®). In the current study, serum level
of TNF-a, IL-6 were significantly increased
after HFD feeding at the end of all time
points and these findings came on line with
previous results®®, Surprisingly, only IL-6
significantly decreased in diet cycling at12
weeks, so shifting to NCD did not decrease
TNF-a high level that remained significantly

higher in diet cycling group all over the
study period, moreover, TNF-a level re-
turned to overshoot again at the end of
diet cycling at 16 weeks. This indicates that
alternating diet caused marked elevation in
TNF-a level even more than the elevation
that was caused by continuous HFD for 16
weeks. The elevated levels of inflammatory
cytokines at 12 weeks in diet cycling group
despite the decrease in BMI may be due to
reduction in the fat-free mass not the adi-
pose tissue content. In the current study, a
significant increase in insulin resistance af-
ter HFD was observed. This finding could
be due to the up-regulation of TNF-a with
the excessive release of FFA which may in-
duce and potentiate IR. FFA impairs insulin
mediated glucose signal at skeletal muscles
leading to more deposition in the liver and
more IR ensues’. On the other hand, high
insulin levels inhibit FFA oxidation and in-
crease the levels of toxic free FFA which
causing more liver cell injury®*¥, In the
current study serum FFA concentrations
were significantly higher in diet cycling
group than HFD group and this change may
participate in increasing the severity of liver
injury in diet cycling group. Moreover, TNF-
a is an important mediator of insulin re-
sistance due to its ability to influence the
tyrosine kinase activity of the insulin recep-
tor*s), Also TNF-a is known to inhibit the
propagation of insulin receptor initiated
signals in hepatocytes. Consistently, an im-
provement of hepatic steatosis, inflamma-
tion and liver cell ballooning was produced
by insulin®>4¢47)_ Interestingly, insulin re-
sistance causes loss of protection against
TNF-o and reactive oxygen species®™),
Taken together, TNF-a modulation of insu-
lin resistance in diet cycling could be a po-
tential mechanism and a key point in our
study. The currently observed elevation in
oxidative stress that was detected in HFD
and diet cycling groups at the end of all
time points is consistent with previous re-
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ports®®?), The comparable elevations in
hepatic lipid peroxide in HFD and diet cy-
cling groups may be responsible for occur-
rence of the same stage of liver fibrosis in
both groups. As the aldehyde products of
Lipid peroxidation can activate hepatic stel-
late cells which increment collagen tissue in
the liver and resulted in fibrosis. Our data
also showed that diet cycling (16 weeks)
induced a significant decrease in hepatic
glutathione peroxidase and shifting to NCD
did not ameliorate the oxidative stress pa-
rameters, moreover, their level mimics
those of continuous HFD at any time point.
Higher TNF-a level in diet cycling may be
the key regulator of oxidative stress. It has
been reported that Pentoxifylline (TNF-a
inhibitor), significantly increased hepatic
glutathione peroxidase content“®49), Col-
lectively, these findings can suggest that,
the main liver insult in diet cycling is associ-
ated with the regulation of TNF-a. Despite
of the variable grades of steatohepatitis,
only mild to moderate stages of fibrosis
were present in the study groups, this may
be due to the relatively small duration of
HFD exposure in the current study. At least
continuous 12 weeks of HFD were manda-
tory to start fibrosis and late stages oc-
curred after 24-48 weeks™. Finally, our re-
sults support the notion that diet cycling
has a more deteriorating effect on the
course of NAFLD than a continuous HFD.
Biochemical involvement is more obvious
than disturbed histological architecture.

Conclusions

The current study improved our knowledge
of the effect of diet cycling on the patho-
genesis of NAFLD and highlighted that
HFD-induced NAFLD in rats is reproducible
model, bearing almost all biochemical,
histopathological aspects of human
NAFLD. Diet cycling poses the highest lev-
els of TNF-a as a pro-inflammatory cytokine
and the lowest hepatic levels of antioxi-

dant. Thus, insulin resistance, oxidative
stress and steatohepatitis seem to be more
evident in diet cycling group. A more de-
tailed study to determine the exact body
composition, the exact site of IR and the
long-term consequences of diet alterations
on liver is mandatory.
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