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Abstract

This study aimed to investigate the effects of high-fat and high-carbohydrate
diets on lipid metabolism in rats at the same metabolizable energy level. Forty-
eight 8-week-old male Sprague-Dawley (SD) rats were selected and randomly
divided into 3 groups, with 8 replicates per group and 2 rats per replicate. The
three groups were fed high-fat diet (HF group), high-carbohydrate diet (HC
group), and control diet (CON group), respectively, for a 9-week experimental
period. The results showed: 1) Compared with the CON group, the HF and
HC groups showed no significant differences in initial body weight, final body
weight, or daily weight gain (P>0.05), but exhibited extremely significant reduc-
tions in daily feed intake (P<0.01) and extremely significant increases in feed
conversion efficiency (P<0.01). 2) There were no significant differences among
groups in Lee’ s index, kidney index, stomach index, spleen index, or liver index
(P>0.05). 3) Compared with the CON and HF groups, serum triglyceride, to-
tal cholesterol, and high-density lipoprotein cholesterol levels in the HC group
were significantly or extremely significantly increased (P<0.05 or P<0.01); com-
pared with the HC and CON groups, serum glucose content in the HF group
was extremely significantly increased (P<0.01), while serum urea nitrogen con-
tent was extremely significantly decreased (P<0.01). Compared with the CON
group, hepatic triglyceride content in both HF and HC groups was extremely
significantly increased (P<0.01), and hepatic total cholesterol content in the
HF group was extremely significantly increased (P<0.01). 4) Compared with
the CON group, hepatic phosphoenolpyruvate carboxykinase (PEPCK) mRNA
expression levels in both HF and HC groups were extremely significantly in-
creased (P<0.01); compared with the CON and HC groups, hepatic sterol reg-
ulatory element-binding protein 1 (SREBP1) mRNA expression levels in the
HF group were extremely significantly increased (P<0.01). In conclusion, un-
der the same metabolizable energy level, the HF and HC groups showed no
significant increase in body weight. The HC group exhibited elevated blood
lipids; the HF group showed increased serum glucose and hepatic total choles-
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terol content, and decreased serum urea nitrogen content. Both HF and HC
groups had increased hepatic triglyceride content and affected lipid metabolism
through hepatic PEPCK and SREBP1 gene expression regulatory pathways.
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Abstract

This study investigated the effects of high-fat and high-carbohydrate diets on
lipid metabolism in rats under isoenergetic conditions based on metabolizable
energy. Forty-eight 8-week-old male Sprague-Dawley rats were randomly di-
vided into three groups (n==8 replicates per group, 2 rats per replicate) and fed
either a high-fat diet (HF group), a high-carbohydrate diet (HC group), or a
control diet (CON group) for 9 weeks. The results showed that: (1) Compared
with the CON group, the HF and HC groups showed no significant differences
in initial body weight, final body weight, or daily weight gain (P>0.05), but
exhibited extremely significant reductions in daily feed intake (P<0.01) and
extremely significant improvements in feed conversion efficiency (P<0.01). (2)
No significant differences were observed among groups in Lee’ s index, kidney
index, stomach index, spleen index, or liver index (P>0.05). (3) Compared
with the CON and HF groups, the HC group showed significant or extremely
significant increases in serum triglycerides, total cholesterol, and high-density
lipoprotein cholesterol (P<0.05 or P<0.01). Compared with the HC and CON
groups, the HF group showed an extremely significant increase in serum glu-
cose (P<0.01) and an extremely significant decrease in serum urea nitrogen
(P<0.01). Compared with the CON group, the HF and HC groups showed
extremely significant increases in hepatic triglyceride content (P<0.01), while
the HF group also showed an extremely significant increase in hepatic total
cholesterol content (P<0.01). (4) Compared with the CON group, the HF and
HC groups showed extremely significant increases in hepatic phosphoenolpyru-
vate carboxykinase (PEPCK) mRNA expression (P<0.01). Compared with the
CON and HC groups, the HF group showed an extremely significant increase in
hepatic sterol regulatory element-binding protein 1 (SREBP1) mRNA expres-
sion (P<0.01). In conclusion, under isoenergetic conditions, the HF and HC
groups showed no significant weight gain. The HC group exhibited elevated
serum lipids, while the HF group showed increased serum glucose and hepatic
total cholesterol but decreased serum urea nitrogen. Both HF and HC diets
increased hepatic triglyceride content and affected lipid metabolism through
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regulation of hepatic PEPCK and SREBP1 gene expression pathways.
Keywords: metabolizable energy; rats; fat; liver; SREBP1; PEPCK

Introduction

Chronic consumption of high-fat and high-carbohydrate diets can induce obesity
and lead to various complications in humans and animals, including cardiovas-
cular disease, dyslipidemia, and metabolic syndrome. Maternal consumption of
such diets also adversely affects offspring development. Previous studies have
demonstrated that high-carbohydrate diets cause dyslipidemia and obesity in
gerbils, while high-fat diets disrupt glucose and lipid metabolism in mice. En-
ergy restriction has been shown to extend lifespan and control body weight.
However, these studies were conducted under varying total energy levels. Since
rats regulate food intake based on energy content, investigating the effects of
dietary fat and carbohydrate under isoenergetic conditions is crucial. Most
existing research has focused on total energy equivalence, but examining these
effects under isoenergetic conditions based on metabolizable energy (the portion
of dietary energy actually usable by animals) provides more scientific validity.
Therefore, this study examined the effects of high-fat and high-carbohydrate
diets on lipid metabolism in rats under isoenergetic conditions, while also mea-
suring hepatic mRNA expression of SREBP1 and PEPCK to elucidate the un-
derlying mechanisms. These findings will help clarify how excess dietary fat and
carbohydrates affect metabolism at the physiological level and provide guidance
for weight control strategies.

Materials and Methods

1.1 Experimental Materials

Reagents: Hepatic triglyceride (TG) and total cholesterol (TC) assay kits were
obtained from Nanjing Jiancheng Bioengineering Institute. RNA extraction and
reverse transcription kits were purchased from Takara (Dalian, China). Real-
time fluorescence quantitative PCR kits were provided by ABI.

Instruments: Synergy™ HT microplate reader (Biotek, USA), Centrifuge-
5810R. high-speed refrigerated centrifuge (Eppendorf, Germany), Roche bio-
chemical analyzer (Roche, Switzerland), automatic oxygen bomb calorimeter
(Parr-6300, USA), real-time fluorescence quantitative PCR instrument (ABI-
7500, USA), and automatic gel imaging system (BIO-RAD, USA).

1.2 Experimental Design

Forty-eight 8-week-old specific-pathogen-free (SPF) male Sprague-Dawley rats
weighing 319.69+2.73 g were purchased from Beijing Vital River Laboratory An-
imal Technology Co., Ltd. After a 7-day acclimation period, rats were randomly
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divided into three groups (n=8 replicates per group, 2 rats per replicate) and fed
either a high-fat diet (HF group), high-carbohydrate diet (HC group), or control
diet (CON group). Diets were manufactured by Nantong Trophic Animal Feed
High-Tech Co., Ltd., with vitamin and mineral premixes formulated according
to AIN-93G standards. Diet composition and nutrient levels are presented in .

1.3 Animal Management

Rats were housed in an SPF animal facility (Academy of State Administration
of Grain, Beijing) using individual ventilated cages (IVC) under controlled con-
ditions: temperature 22+2°C,; relative humidity 50%, and 12-hour light-dark
cycle. A metabolic trial was conducted to determine digestible and metabo-
lizable energy. Based on these measurements, pair-feeding was implemented
using the HF group intake as baseline (feed intake x apparent metabolizable
energy/body weight - ) to ensure isoenergetic intake across groups. The exper-
imental period lasted 9 weeks.

1.4 Sample Collection and Analysis

1.4.1 Serum and Tissue Sample Collection Body weight and feed intake
were recorded weekly. At the end of the experiment, rats were fasted for 12
hours, weighed, and euthanized by CO asphyxiation for cardiac blood collection.
Blood was allowed to clot at room temperature for 4 hours, then serum was
separated by centrifugation at 3,000 rpm for 10 minutes at 4°C and stored at
-20°C until analysis. Body length (nose-to-anus) was measured, and kidneys,
stomach, spleen, liver, and abdominal fat were dissected. Organs were rinsed
with 0.90% saline, blotted dry, weighed, and organ indices calculated. Samples
were snap-frozen in liquid nitrogen and stored at -80°C.

1.4.2 Determination of Lee’ s Index and Organ Indices Lee’ s index was
calculated as: [body weight (g) x 103 / body length (cm)]!/3. Organ indices
were calculated as: (organ weight / body weight) x 100 for kidney, stomach,
spleen, liver, and abdominal fat.

1.4.3 Energy and Nutrient Analysis The metabolic trial utilized 8-week-
old SPF SD rats divided into three groups (n=8 replicates per group, 1 rat
per replicate) fed the experimental diets for 7 days (3-day adaptation, 4-day
collection). Feces and urine were collected twice daily at 08:00 and 20:00. Feces
were sprayed with 0.5 mol/L sulfuric acid to prevent nitrogen volatilization,
dried at 65°C for 48 hours, ground, and stored at -20°C. Urine was acidified with
2 mL of 0.1 mol/L HCI and stored at 4°C. Metabolizable energy was calculated
as: ME = GE intake - energy in urine - energy in feces. Gross energy in feed,
urine, and feces was determined using an oxygen bomb calorimeter. Nutrient
composition was analyzed according to Chinese national standards: crude fiber
(GB/T 6433—2006), crude ash (GB/T 6438—1992), crude protein (GB/T 6432
—1994), crude fat (GB/T 10359—2008), and moisture (GB/T 6435—2006).
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1.4.4 Serum Lipid Metabolism Indices Serum TG, TC, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
glucose (GLU), and urea nitrogen (UN) were measured using an automatic
biochemical analyzer.

1.4.5 Hepatic TG and TC Analysis Hepatic TG and TC contents were
determined using commercial kits according to the manufacturer’ s instructions,
with absorbance measured by microplate reader after homogenization and cen-
trifugation.

1.4.6 Hepatic mRNA Expression of Lipid Metabolism-Related Factors
Total RN A Extraction: Liver total RNA was extracted using Takara’ s RNA
extraction kit. RNA concentration was determined using a nucleic acid analyzer
(Eppendorf, Germany), and integrity was verified by 1% gel electrophoresis.
Samples with A /A ratios of 1.8-2.0 were stored at -80°C.

Reverse Transcription: Reactions were performed using Takara’ s kit: 5x
PrimeScript RT Master Mix (4 L), total RNA (1,000 ng), and RNase-free water
to 20 L. Conditions: 15 minutes at 37°C, 5 seconds at 85°C. cDNA was stored
at -20°C.

Real-Time Quantitative PCR: Primers for PEPCK, SREBP1, and GAPDH
were designed using Primer Premier 5.0 based on rat gene sequences from NCBI
and synthesized by Sangon Biotech (Shanghai). Primer sequences were: PEPCK
(forward: GTGATGACATTGCCTGGATG, reverse: TTAATGGCGTTCG-
GATTTGT), SREBP1 (forward: GCACAGCAACCAGAAACTCA, reverse:
TCATGCCCTCCATAGACACA), and GAPDH (forward: GGTTGTCTCCT-
GCGACTTCA, reverse: TGGTCCAGGGTTTCTTACTCC). PCR conditions:
initial denaturation at 95°C for 10 minutes, followed by 40 cycles of 95°C for 15
seconds and 60°C for 1 minute, with a final melting curve analysis. Reaction
mixture (10 L) contained 1 L ¢DNA, 5 L MIX, 0.4 L each primer, and
water. Relative expression was calculated using the 27 (-AACT) method with
GAPDH as reference.

1.5 Statistical Analysis

Data are expressed as mean + standard deviation. One-way ANOVA was
performed using SAS 9.0 software. Differences were considered significant at
P<0.05 and extremely significant at P<0.01.

Results

2.1 Effects of High-Fat and High-Carbohydrate Diets on Body
Weight, Feed Intake, and Feed Conversion Efficiency

All rats remained healthy throughout the 9-week experiment with no mortality.
As shown in [Figure 1: see original paper], body weight increased gradually over
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time with no significant differences among groups (P>0.05). During week 1, no
significant differences in feed intake were observed. In week 2, the CON group
showed significantly higher intake than the HF group (P<0.05) but not the HC
group. From week 4 onward, the CON group exhibited extremely significantly
higher intake than both HF and HC groups (P<0.01) [Figure 2: see original
paper].

As presented in , no significant differences were found among groups in initial
weight, final weight, or daily weight gain (P>0.05). However, daily feed in-
take in the CON group was extremely significantly higher than in HF and HC
groups (P<0.01), while feed conversion efficiency was extremely significantly
lower (P<0.01).

2.2 Effects of High-Fat and High-Carbohydrate Diets on Lee’ s Index,
Abdominal Fat Percentage, and Organ Indices

No significant differences were observed among groups in Lee’ s index, kidney
index, stomach index, spleen index, or liver index (P>0.05) . However, the
HF group showed an extremely significant 42.64% increase in abdominal fat
percentage compared with the CON group (P<0.01).

2.3 Effects of High-Fat and High-Carbohydrate Diets on Serum Bio-
chemical Indices

The HC group exhibited extremely significant increases in serum TG and TC
compared with both CON and HF groups (P<0.01), and a significant increase in
HDL-C (P<0.05). No significant differences were found in LDL-C among groups
(P>0.05). The HF group showed extremely significant increases in serum GLU
and decreases in serum UN compared with both HC and CON groups (P<0.01)

2.4 Effects of High-Fat and High-Carbohydrate Diets on Hepatic TG
and TC Content

Both HF and HC groups showed extremely significant increases in hepatic TG
content compared with the CON group (P<0.01). The HF group also exhibited
extremely significant increases in hepatic TC content compared with both HC
and CON groups (P<0.01) [Figure 3: see original paper] [Figure 4: see original

paper].

2.5 Effects of High-Fat and High-Carbohydrate Diets on Hepatic
PEPCK and SREBP1 mRNA Expression

Both HF and HC groups showed extremely significant increases in hepatic
PEPCK mRNA expression compared with the CON group (P<0.01). The HF
group exhibited extremely significant increases in hepatic SREBP1 mRNA ex-
pression compared with both CON and HC groups (P<0.01) [Figure 5: see
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Discussion

This study employed pair-feeding based on measured metabolizable energy to
ensure isoenergetic intake across groups, thereby investigating the effects of
dietary composition independent of energy content. Calculated as feed intake x
apparent metabolizable energy/body weight - , values of 4.86, 4.77, and 5.03
for HF, HC, and CON groups, respectively, confirmed successful isoenergetic
feeding.

Under these conditions, the HF group showed a trend toward increased body
weight without significant differences compared with HC or CON groups, while
both HF and HC groups exhibited extremely significant reductions in feed in-
take. Previous research demonstrated that energy-restricted high-fat diets com-
bined with exercise significantly reduced body weight, while ad libitum high-fat
feeding caused weight gain. Our findings, in the absence of exercise but with
energy restriction, suggest that limiting energy intake from high-fat and high-
carbohydrate diets effectively controls body weight. However, energy restric-
tion may increase body fat deposition, as evidenced by the 42.64% and 17.26%
increases in abdominal fat percentage in HF and HC groups, respectively. Al-
though liver index showed increasing trends in HF and HC groups, no significant
differences were observed in organ indices, suggesting minimal impact on organ
weights under isoenergetic conditions.

Obesity is closely associated with abnormal glucose and lipid metabolism, of-
ten resulting from excessive dietary fat and carbohydrate intake. The HC group
showed significant elevations in serum TG, TC, and HDL-C (increases of 64.49%,
26.18%, and 14.78% vs. CON), indicating that high-carbohydrate diets elevate
serum lipids even under energy restriction. The HF group exhibited hyper-
glycemia with a 59.28% increase in serum GLU and a 25.09% decrease in serum
UN compared with CON, consistent with known effects of high-fat feeding.

The liver is a central site for lipid metabolism, and high-fat/high-carbohydrate
diets typically increase hepatic lipid levels. Hepatic TG and TC contents in-
creased by 52.94% and 35.29% in the HF group, and 83.92% and 25.76% in the
HC group, respectively, demonstrating that both diets promote hepatic lipid
accumulation despite energy restriction.

Lipid metabolism involves coordinated regulation by enzymes and transcription
factors through multiple signaling pathways. Hepatic TG synthesis is closely
linked to glucose metabolism, with glycerol derived from glycolytic intermedi-
ates and fatty acids synthesized from acetyl-CoA. PEPCK is a key regulator
of gluconeogenesis and fatty acid metabolism, and increased expression may
promote TG synthesis and fat accumulation. SREBP1 plays a critical role in
regulating fatty acid synthesis and mediates hepatic lipogenesis through feed-
back mechanisms. High-fat and high-carbohydrate diets upregulate SREBP1 to
stimulate hepatic fat synthesis. Our results show that under isoenergetic con-
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ditions, both diets increased hepatic PEPCK mRNA expression by 160% (HF)
and 77% (HC), and SREBP1 mRNA expression by 131% (HF) and 23% (HC)
compared with CON. These findings align with previous research demonstrating
diet-induced upregulation of these key metabolic regulators.

Conclusion

1. Under isoenergetic conditions based on metabolizable energy, high-fat and
high-carbohydrate diets did not significantly affect body weight in rats.

2. High-fat diets increased serum glucose levels, while high-carbohydrate di-
ets elevated serum TG, TC, and HDL-C levels.

3. Both high-fat and high-carbohydrate diets upregulated hepatic SREBP1
and PEPCK expression, thereby increasing hepatic lipid accumulation.
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