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Fructose and hydrogenated oil appeared as ingredients in several processed food are risk factors to develop metabolic
diseases. Liver is a major organ which is impacted by these diets. Cytochrome P450 3A (CYP3A) is a major hepatic cytochrome
P450 enzyme that takes responsible for metabolism of almost clinical drugs. The present study aimed to investigate hepatic
histology and CYP3A11 pattern in mice fed with high fat- and high fructose-diet (HFFD). Methods: Seven-week-old male ICR
mice (n=5) were intragastrically administered hydrogenated soybean oil (1 mL/day) with free access to 20% (w/v) aqueous
fructose solution for 2, 4, and 8 weeks. The protein expression and catalytic activity of CYP3A11 were determined employing
immunoblotting techniques and a specific reaction of erythromycin N-demethylation (ENDM), respectively. Results: Karyorrhexis
and pyknosis of nuclei were detected after the HFFD feeding for 4 weeks while Kupffer cells in sinusoid and microvesicular
hepatocytes were observed after 8 weeks of the induction. The change of hepatic histological features was correlated with an
increase in the protein level and catalytic activity of CYP3A11. Moreover, the fasting blood glucose level and AUC in the oral
glucose tolerance test were increased in the HFFD-fed mice at the end of the study. Conclusion: High fat- and high fructose-
consumption worsen the physiological feature of hepatic tissue along with induction of murine CYP3A11 profile, though it did not
affect the weight gaining. Hence, a person with long-term consumption of high fat- and/or high fructose-diet could have a risk of

hepatic pathology and induction of CYP3A11 expression, leading to alter drug metabolism and extensive risk of drug interaction.

Keywords: CYP3A11, Histology, High fat diet, High fructose diet

Introduction

Refined carbohydrate sources such as high fructose products (e.g., pastries, doughnuts, biscuits, chips, candy,
syrup and hydrogenated vegetable oil are now generally and cakes) (Akoh, 1998). In addition, high fructose syrup
appeared in modern supermarket stores as a component in was gained interested from the food and beverage industries
many processed foods and sugar-sweetened beverages. as an alternative to refined sugar from sugarcanes (White
This type of fat is added to increase shelf life, and maintain et al., 2015). These syrups type are made by conversion of
stability and taste of the processed foods and baking starch (e.g. corn and tapioca root) to monosaccharide
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sugars, which have a higher content of fructose than the
normal refine sugar does. The increasing consumption of
sugar- added beverage is problems in many countries
include Thailand. The high amounts of total sugar in non-
alcohol beverages (e.g. energy drinks, beauty drinks, fruit
juice, carbonated beverages) in Thailand was reported,
which were found 4- 75%  higher than the

(Weerawatanakorn, 2013). Excessive consumption of fat

labels

and carbohydrate diet proved to develop metabolic risk
factors such as dyslipidemia, obesity, diabetes mellitus
(Yang et al., 2012; de Castro et al., 2013), and hepatic
pathology includes non-alcoholic fatty liver disease (NAFLD)
(Ouyang et al., 2008).

Liver is a crucial organ for metabolism of compounds
before distribution to other organs. Among the other
enzymes, microsomal cytochrome P450s (CYP450s) are
superfamily of monooxygenase enzymes that play major
roles in oxidative biotransformation of endogenous
compounds and xenobiotic substances such as drugs and
environmental chemicals. CYP450s are arranged into
families and subfamilies depending on amino acid sequence
identity (Nebert and Russell, 2002). Human CYP3A4 is a
CYP450 isoform that highly expressed in liver and known as
a major metabolizing enzyme of several clinical drugs. Since
CYP3A takes responsible for metabolism of several drugs
or herbs, alteration of CYP450 expression might affect their
efficacy or toxicity (Zanger and Schwab, 2013). In addition,
pathology of the liver can lead to modification of the CYP3A
activity (Lu and Cederbaum, 2008; Fisher et al., 2009).

Some liver diseases related with dietary habits such
as NAFLD, which is a condition characterized by excessive
accumulation of lipids,

especially triglycerides in

hepatocytes. NAFLD is associated with metabolic risk
factors including obesity and diabetes mellitus. Clinical
manifestations of NAFLD range from simple steatosis to
nonalcoholic steatohepatitis (NASH) with the presence of
inflammation, hepatocyte injury, ballooning degeneration,
sinusoidal fibrosis, and/or Mallory bodies insulin resistance,
oxidative stress, and mitochondrial dysfunction. The latter
event leads to decrease of hepatic ATP production and the
triggering of necro-inflammation by inflammatory cytokines
(Rolo et al., 2012). Since liver is an important organ that

related to the first- pass metabolism of food and drugs.
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Therefore, the present study aims to investigate the effect
of high fat- and high fructose-diet (HFFD) on the biochemical
parameters including the blood glucose, cholesterol, and
triglyceride levels, the body weight profile, histological
features of the livers, and alteration of the hepatic CYP3A11
expression profile and the specific CYP3A11 enzyme
activity, erythromycin N- demethylase, in the HFFD- fed

mouse model.

Materials and Methods
Chemicals

Bradford solution was purchased from BioRad
(Hercules, CA, USA). Rabbit antibody to CYP3A (299203)
was obtained from Daiichi Pure Chemicals (Tokyo, Japan).
Vectastain® Elite ABC Kit and 3, 3'-diaminobenzidine (DAB)
substrate kit were supplied by Vector Laboratories
( Burlingame, CA) . Erythromycin and NADPH were
purchased from Sigma- Aldrich Chemical (St. Louis, MO).
Xylene (Fisher Scientific, UK), Permount® (Fisher Scientific,
UK), Paramat extra pastillated Gurr® (BDH Lab Supplies,
Poole, UK), Eosin Y 1% aqueous solution (Bio Optica, Italy),
and Mayer’s hematoxylin (Bio Optica, Italy) were purchased
for tissue fixation and staining. All other laboratory chemicals
were of the highest purity available from commercial

suppliers.

Animals

Seven-week-old ICR mice were supplied by the
National Laboratory Animal Center ( Mahidol University,
Nakhon Pathom, Thailand)

Northeast Laboratory Animal Center (Khon Kaen University,

and were housed in the

Khon Kaen, Thailand) under the supervision of a certified
laboratory veterinarian. The animal handling and research
protocols were approved by the Animal Ethics Committee
for Use and Care of Khon Kaen University, Khon Kaen,
Thailand (Approval No. AEKKU 92/2555). At all times, the
animals were housed on wood chip bedding in polysulfone
cages with a 12- h dark/ light cycle under a controlled
temperature (23+2°C) and humidity (45+2%). All mice were
acclimated for 1 week before separating into 4 groups and
starting the intervention. The regular diet group (RD) was
freely accessed to commercial mouse diet and drinking

water while the high fat- and high fructose- diet groups
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(HFFD) were additionally daily given hydrogenated soybean
oil (1 mL/day, i.g.; 44.1% (w/w) saturated fat and 0.2%
(w/ w) tran-fatty acid, certified by Institute of Nutrition,
Mahidol University, Thailand) with free access to 20% (w/v)
aqueous fructose solution for 2, 4, and 8 weeks (n=5 for
each group). The mouse body weight was recorded 3
times/week. All mice were euthanized 24 h after the last
treatments for collecting fresh blood and livers. The organs

were kept at -80°C prior to further analysis.

Oral glucose tolerance test (OGTT)

The protocol of OGTT was based on the method
described previously (Chatuphonprasert et al., 2013). After
8 weeks of the continuous diet feeding, both of the RD and
the HFFD mice were tested for oral glucose tolerance.
Briefly, the mice were fasted overnight and then they were
intragastrically administered glucose solution in the dose of
2 g/kg body weight. The tail-vein-blood was collected at the
time point of -30, 0, 30, 60 and 120 min after gavage.
Glucose concentration was monitored using the ACCU-
CHECK® Performa with a specific test strip. The area under
the curve (AUC) was determined using the plots between

glucose concentration and the blood sampling time.

Tissue fixation, processing, and staining

A fragment of liver tissue was fixed by immersion
in 10% (v/v) neutral-buffered-formalin overnight, followed by
dehydration and paraffin- embedding ( Jearapong et al.,
2015). After section, the embedded tissue was stained with
hematoxylin and eosin (H&E) for evaluation of histologic
features using an inverted light microscope (Nikon Eclipse
TS100, Japan) at 200x and 400% magnification.

Preparation of hepatic microsomal fraction

Hepatic microsomal fraction was prepared by
ultracentrifugation technique ( Chatuphonprasert and
Jarukamjorn, 2012). Briefly, the homogenized liver was
centrifuged at 10,000xg at 4°C for 10 min followed by
ultracentrifugation at 104,000xg at 4°C for 60 min. The pellet
was collected and reconstituted with ice-cold distilled water
and kept at -80°C until being analyzed. The method of
Bradford was employed for determination of protein content

by measuring the protein-dye complex at a wavelength of
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595 nm using bovine serum albumin (BSA) as a standard
(Bradford, 1976).

Assessment of CYP3A11 protein expression by
immunoblotting

The expression of CYP3A11 protein was accessed
by Western blot analysis (Jearapong et al., 2015). Briefly,
twenty micrograms of microsomal protein were resolved by
10%

electrophoresis before transferred

sodium dodecyl sulfate- polyacrylamide gel
to a nitrocellulose
membrane. After blocking at 4°C overnight in phosphate
buffered saline (PBS) containing 0.03% (v/v) Tween-20 and
1% (w/v) BSA, CYP3A11 was detected using rabbit
polyclonal antibody against CYP3A11. Then, the blot was
incubated with biotinylated goat anti-rabbit antibody followed
by biotinylated horseradish H avidin complex. The antigen-
antibody complex was visualized with DAB and hydrogen
The CYP3A11

densitometrically quantified and expressed as arbitrary units

peroxide. specific bands were
corresponding to the signal intensity using Imaged 1.47V

program (NIH, Bethesda, Maryland, USA).

Determination of erythromycin N-demethylase activity
The catalytic activity of CYP3A enzyme was
determined using erythromycin N-demethylation (ENDM) as
described previously (Chatuphonprasert and Jarukamjorn,
2012). Briefly,155 mM MgCl,, 1 mM erythromycin, 70 mM
PBS (pH7.4), and 1 mM NADPH were mixed and incubated
at 37°C for 20 min with microsomal protein. The reaction
was terminated by equal volume of 12.5% TCA and followed
by adding Nash reagent. The rate of formaldehyde formation
was measured spectrophotometrically at a wavelength of

405 nm compared with the formaldehyde standard.

Statistical analysis

For statistical analysis, the results comparison
between 2, 4, 8 weeks of the HFFD against the RD were
analyzed using one- way analysis of variance ( ANOVA)
followed by Tukey post hoc test (version 11.5; SPSS Inc.,
Chicago, IL) while the comparison between the RD and the
HFFD at 8 weeks were employing Independent Sample T-
Test. P-values less than 0.05 were considered statistically

significant.
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Results
Effect of high fat and high fructose diet on body weight
and biochemical parameters

The body weight of mice was recorded compared
between the regular diet (RD) and the high fat- and high
fructose-diet (HFFD) groups as shown in Fig.1 and Table 1.
There was no significant difference of the weight gaining
between the RD- and the HFFD-fed mice through 8 weeks
of the study. The blood biochemical parameters were

measured at the end of the study. The blood glucose level

50
48
46

42
40
38
36
34

Body weight (kg)

(11247 mg/dL) of the HFFD mice was significantly elevated
compared to the RD mice (9112 mg/dL). The lipid profiles
including cholesterol and triglyceride levels were increased
from the baseline. The blood cholesterol levels between the
HFFD and the RD group did not significantly different.

lower

Unexpectedly,
triglyceride level (98+7 mg/dL) than those of the RD (155+12
mg/dL).

the HFFD group demonstrated

5 6 7 8 Week(s)

Figure. 1 Body weight profile of the male ICR mice fed with the regular diet (RD) and the high fat and high fructose diet (HFFD)

during 8 weeks of study period.

Table 1 Body weight and blood biochemical parameters of the male ICR mice fed with the regular diet (RD) and the high fat

and high fructose diet (HFFD) for 8 weeks

Baseline RD HFFD
Body weight (kg) 382 44 + 2 46 + 4
Glucose (mg/dL) 91 + 11 91+2 112 £ 7%
Cholesterol (mg/dL) <150 175+ 3 168 £ 3
Triglyceride (mg/dL) <70 155 + 12 98 £ 7*

Note. The data is expressed as mean + SD. A significant difference was determined by Independent

T-Test. *p<0.05.
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Effect of high fat- and high fructose-diet on the oral
glucose tolerance test

The oral glucose tolerance test (OGTT) profiles of
the RD- and the HFFD-fed mice were shown (Fig. 2A),
which were plotted between the level of tail-tip blood glucose
toward the time of glucose administration. The HFFD
affected the fasting blood glucose level which shown at the

beginning of the plot. The blood glucose levels of both

A) OGTT

240
220
200
180
160
140

Glucose level (mg/dl)

groups were similarly raised to a maximum level
approximately 200-220 mg/dL at 30 min. However, the
HFFD-fed mice had a tendency of higher blood glucose level
after 60 min of the glucose administration and significantly
did at the last sampling time point of 120 min compared to
the RD. Corresponding to the OGTT, the HFFD significantly
increased the glucose AUC value compared to the RD (Fig.

2B).

120 - a-HFFD
100
80
-30 0 30 60 90
Time (min)

120

B) AUC
g 30000 *
E
§ 25000
g’ aE -~ baseline
~ 20000
O
2
P 15000
"]
8
] 10000
(U]

5000

0
RD HFFD

Figure. 2 Effect of the high fat and high fructose diet (HFFD) on the oral glucose tolerance test (OGTT) in the male ICR mice

after 8 weeks of the study. The OGTT was compared between the HFFD- and the regular diet-fed mice (RD) as shown in A)

the tail tip-blood glucose level (mg/dL) against the sampling times at -30, 0, 30, 60, and 120 minutes of the glucose administration

time and B) the area under the curve (AUC) value of glucose (mg/dL-min). A significant difference was determined by

Independent T-Test. *p<0.05, **p<0.01.

Effect of high fat and high fructose diet on the hepatic
histopathological features

Micrographs of the H&E stained mouse hepatic
tissues are shown in Fig. 3. Comparison to the RD-fed mice
(Fig. 3A and 3B), the hepatic tissue of the 2-week- HFFD-
fed mice were noted normal histomorphology (Fig. 3C and
3D). After the 4- week- HFFD- feeding, additional minor

changes of hepatocytes were detected including

karyorrhexis of nuclei (Fig. 3E and 3F). And after the 8-
week- HFFD- feeding, the H&E stained of hepatic tissues

exhibited microvesicular changes with centrally located
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nuclei, which some were pyknosis or karyorrhexis (Fig. 3G
and 3H), and the hepatocytes exhibited more vacuolated,
which were shown in clear non-stained vacuoles compared
to the hepatic tissue of the RD-fed mice (Fig. 3A and 3B).
At the end of the study, the loss of hepatic architecture and
swollen hepatocytes were also detected, which sinusoids
appeared as narrow lined

spaces from enlarging

hepatocytes and few Kupffer cells in hepatic sinusoids.
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Effect of high fat and high fructose diet on the HFFD intervention. A dose- and duration-dependent pattern
CYP3A11 protein expression and the erythromycin was noted. The CYP3A activity, as assessed by

erythromycin N-demethylation, was remained unchanged till
4 weeks of the HFFD intervention (Fig. 4B), and the
extensive increase of the CYP3A activity was observed after

N-demethylase activity

The effect of continuous HFFD consumption for 8
weeks on the levels of CYP3A11 protein expression was
investigated in the mouse livers (Fig. 4A). Though no

significant change was detected at the first 2 weeks of HFFD

the 8 weeks of the HFFD consumption, in accord with the
levels of CYP3A11 protein.

consumption, the expression of CYP3A11 protein was

significantly up-regulated after the 4 and 8 weeks of the
Regular diet (RD)

F B Ry

8 Weeks

) 5
R
Yoo b
PEORR. R
TS

High fat and high fructose diet (HFFD)

4 Weeks 2 Weeks

8 Weeks

Figure. 3 Histological examination of hematoxylin and eosin (H&E) stained liver tissues of the male ICR mice. The
representative images include livers from the mice fed with regular diet (RD) (A and B), and livers from the mice fed with high
fat and high fructose diet (HFFD) for 2 (C and D), 4 (E and F), and 8 weeks (G and H), respectively. Micrographs are shown at
a final magnification of 200 (Left side) and 400 (Right side), respectively. The black arrow (*) indicates karyorrhexis of nuclei;
The black arrow head (V) indicates Kupffer cell; The white arrow head (V) indicates pyknosis of nuclei. BD, bile duct; CV,

central vein; PV, portal vein; S, sinusoid.

77



2. LNRTNEATIRY
0 13 aUun 1 u.a. — .9, 2560

HansznuBaInInd lusiuuszwialaaTnmgedesameimamaaivasay uazluslwdvaslalalasai 450 3 10 11 luduwpand

o o ¢ a €
WU LIUITWIN UAA

RD HFFD HFFD
50 kKD e
700000 . .
@ 600000 T
S soo000 - :
o :
£ 400000 - |
£ 300000 -
<
200000 -
100000 -
0 J—
RD HFFD HFFD HFFD
2weeks 4 weeks 8 weeks

m
—

5000

4000

3000

2000

Formation of formaldehyde
(nmole/min/mg protein)

1000

HFFD

2 weeks
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Figure. 4 Effect of high fat and high fructose diet (HFFD) on the protein expression and catalytic activity of CYP3A11 in

the male ICR mice. (A) The expression of CYP3A11 protein was detected employing a rabbit polyclonal antibody against

CYP3A11 (n=3) and (B) The catalytic activity of CYP3A was assessed using the reaction of erythromycin N-demethylation (n=6-

10) from 3 independent experiments. A significant difference was determined by one-way analysis of variance (ANOVA) followed

by Tukey post hoc test. *p<0.05, **p<0.001.

Discussion

The present study demonstrated the impacts of
continuous consumption of the diet contained high amount
of fat and fructose on the blood glucose level in the OGTT
test, histopathological features of the livers, and alteration
of the hepatic CYP3A11 profile. Though body weight of the
mice with continuous feeding of HFFD for 8 weeks was not
different from those of the RD mice, the HFFD allowed
development of prediabetes, such as significant increases
in the fasting blood glucose level and the blood glucose AUC
value in the OGTT. Correspondingly, 2-month-fructose-rich
diet fed- C57Bl/ 6 mice developed transient metabolic
disorders and reduction of insulin sensitivity with normal
weight gain (Tillman et al., 2014). The evidence resulted
from expansion of adipose cells, differently from mice fed
with high fat which developed long term weight gains
(Podrini et al., 2013). Form our results, more than 50% of
the caloric/ energy intake came from fructose source, which
might be the reason of not develop obesity in the HFFD
mice.

The HFFD fed-mice in the present study revealed an
early signs of liver injury after 8 weeks of induction by
showing ballooning degeneration including cell enlargement,
cytoplasmic clearing and microvesicular hepatocytes. The

H&E stained liver tissues showed the liver injury associated
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inflammation by observing more Kupffer cells in the hepatic
sinusoids compared to the RD-fed mice. Kupffer cell plays
an important role to initiate a response to liver injury by
rapidly producing and releasing cytokines and chemokines
(e.g. interleukin (IL)-1 B tumor necrosis factor ( TNF)-QL,
CCL2, and CCL5), and a variety of biologically active
mediators such as eicosanoids, proteolytic enzymes,
reactive oxygen species (ROS), and nitric oxide, which
trigger and promote the progression of liver injury. These
lead to collagen synthesis and fibrosis, which further cause
the loss of liver functions (Baffy, 2009; Ju and Tacke, 2016).
Moreover, the signs of hepatocytes undergone necrosis with
the changes of nucleus included karyorrhexis and pyknosis
were found, correlated with the duration of HFFD feeding.
The changes of nucleus were observed after 4 weeks of the
HFFD induction while these features were not seen in the
livers of RD-fed mice. However, the hepatocytes have not
demonstrated the pattern of macrovesicular steatosis yet.
These observations did not correspond with a previous
study employed C57BL/6 mice (Tetri et al., 2008) which was
more susceptible strain to induce steatosis but not optimal
represented normal population. Besides the different mouse
strain, the previous study employed a commercial trans-fat

customized diet with high fructose corn syrup in gel water
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with a longer administered duration. The theory of dietary
imbalance including high fat and/or high fructose intake has
been extensively reviewed as a contributing factor in NAFLD
and NASH (Zivkovic et al., 2007; Lim et al., 2010; Nomura
and Yamanouchi, 2012). The pathogenesis of NAFLD and
NASH involves inflammation and oxidative stress associated
with lipid peroxidation and increasing numbers of cytokines
(Jarrar et al., 2008; Liu et al., 2016)

In addition to hepatic histology, the expression of
CYP3A11 protein and its catalytic activity were evaluated.
The overexpression of microsomal CYP3A11 protein and its
catalytic activity were correlated to the hepatic histological
features and the duration of HFFD intake. Mouse CYP3A11
is human CYP3A4 homologous, and both are highly
abundant in the livers and responsible for biotransformation
of wide ranges of substances (Hart et al., 2009). CYP450s
were claimed as a source of ROS form oxidative reaction.
Induction of CYP450s by phenobarbital, a CYP3A inducer,
in rodents caused oxidative stress and worsen liver injury by
increasing of ROS formation while attenuation of protective
systems (Minamiyama et al., 2004; Dostalek et al., 2008).
Therefore, the up-regulation of CYP3A expression and its
catalytic activity might bring the extra-formation of ROS,
which further worsen the liver pathology. However, the
HFFD-feeding for 8 weeks was not enough to induce the
development of dyslipidemia. No significant change of the
total blood cholesterol with a lower level of triglyceride in the
HFFD-fed mice was noted compared to the RD-fed mice.

In conclusion, the prediabetes state and hepatic
histological changes including narrowing sinusoids and
microvesicular, clear cytoplasm, and enlarge hepatocytes
were time-dependently occurred in our in vivo HFFD-fed
mouse model, followed by alteration of hepatic CYP3A11
profile at both the protein level and the catalytic activity.
Therefore, the excessive high fat and/or high fructose intake
for long period might be of concern for a risk of drug

metabolism and interaction.
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