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High-fat feeding is widely used to model diet-associated obesity and metabolic dys-
function in rodents, but “high-fat diet” does not describe a single reproducible exposure.
The phenotype depends on the percentage of energy from fat, fatty-acid source, carbo-
hydrate and protein composition, energy density, comparator diet, animal strain and
substrain, sex, age, and exposure duration. These variables affect energy intake and
expenditure as well as adiposity, glucose regulation, circulating lipids, liver pathology,
and inflammatory readouts. Available comparative studies show that changing fat
source can alter adipose distribution and metabolic outcomes even when diets are simi-
larly fat-rich, while strain and sex can modify susceptibility and the time course of
disease.[3,4,93] Consequently, body weight alone is an inadequate validation criterion.
Robust studies should report exact diet composition and energy density, measure both
food and energy intake, characterize body composition and tissue pathology, and pre-
specify metabolic endpoints. Rodent HFD models are useful for mechanistic experi-
ments, but their controlled setting and biological heterogeneity limit direct extrapolation
to human obesity.[1] This narrative review synthesizes the supplied outline and refer-
ence collection; it is not a protocol-driven systematic review.

INTRODUCTION

Obesity is a chronic metabolic condition characterized
not only by excess fat mass but also by changes in

adipose tissue function and metabolic regulation. Adi-
pose tissue stores energy and releases endocrine sig-
nals, making its location, cellular composition, and
secretory state relevant to systemic glucose and lipid
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homeostasis. Rodent models enable controlled manip-
ulation of diet, age, and genetic background and permit
tissue-level analysis that is difficult in human studies.
Diet-induced obesity (DIO) is especially useful be-
cause it models environmental exposure without re-
quiring a monogenic obesity mutation. Reviews of
rodent obesity models describe HFD feeding as one of
the most widely used approaches, while also empha-
sizing variation in model design and outcome severity.
[6,7,10]

This review treats HFD as a defined experimental ex-
posure rather than a standardized model category. The
supplied reference spreadsheet includes review sum-
maries and individual study abstracts, so the synthesis
does not constitute exhaustive appraisal of all primary
papers.

2. Principles of the HFD model

Dietary fat should be expressed as a proportion of total
dietary energy (kcal%), not as a proportion by mass.
Because fat supplies more energy per gram than car-
bohydrate or protein, a diet that is 45% of energy from
fat is not equivalent to a diet containing 45% fat by
weight. Rodent studies commonly use diets around 40
—60% energy from fat, but lower-fat formulations can
also alter body composition or metabolism depending
on the control diet and animal model. In one C57BL/6
substrain comparison, 60%-fat diets and a 42%-fat
Western-style diet produced distinct strain-dependent
responses.[93]

“HFD” also does not specify whether the diet is puri-
fied or based on conventional chow, whether sugar is
added, or whether the comparator is composition-
matched. These formulation differences can complicate
attribution of observed effects to fat percentage alone;
studies comparing purified and cafeteria-style diets
note the latter's reduced control over nutrient compo-
sition.[5,30]

Model definition and intended inference

A useful way to describe an HFD experiment is to
specify four linked elements: the exposure (what the
animals ate), the biological context (which animals and
under what conditions), the phenotype (what changed),
and the inference (what the experiment can establish).
This framing prevents a common interpretive leap:
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treating the observed phenotype as an intrinsic property
of “the HFD model” rather than an outcome of a par-
ticular diet—animal combination. The same nominal fat
percentage can be delivered with different fatty-acid
mixtures, carbohydrate fractions, energy densities, and
ingredients; those formulations need not induce equiv-
alent responses. In a long-term rat study, total fat
quantity influenced body weight and body composition
more strongly than fat type during the initial feeding
period, while fat type still affected later outcomes and
subcutaneous distribution.[8]

The intended inference should be stated before choos-
ing the diet. If the question concerns the effect of fat
quantity, the design should hold fat source and other
macronutrients as constant as possible while varying
energy from fat. If the question concerns fat quality,
diets should be matched for total energy and macronu-
trient composition while changing the oil or fatty-acid
profile. If the objective is to model a Western dietary
pattern, adding sugar or food choice may improve
face validity for that exposure, but the causal contrast
is then the overall dietary pattern rather than fat alone.
A free-choice cafeteria diet deliberately models
palatability and food variety, whereas a purified diet
provides more control over macronutrient and mi-
cronutrient content.[5]

The comparator defines the contrast just as much as the
experimental diet. A low-fat control that is not matched
for protein, fiber, vitamins, minerals, and ingredient
background can introduce alternative explanations.
Conversely, a highly matched purified control may
answer a narrower question than a conventional chow
comparison. The manuscript should therefore state
what the control represents and avoid describing it only
as “normal diet” or “standard diet.” If the control and
experimental formulations come from different manu-
facturers or have different ingredient bases, those de-
tails are part of the causal interpretation, not peripheral
technical information.

3. Dietary composition: fat, carbohydrate, and con-
trols

3.1 Fat quantity and source

Fat quantity is only one dimension of the exposure.

Lard, tallow, coconut oil, olive oil, and
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polyunsaturated-fat-rich oils differ in fatty-acid com-
position and can produce divergent metabolic effects.
In C57BL/6 mice fed 60%-fat diets for ten weeks, lard
was associated with greater subcutaneous and visceral
adipose accumulation, higher IL-6, and
adiponectin than several plant-oil diets; insulin and
leptin also varied by lipid source.[90] A separate study
comparing dietary oils reported different weight gain
and glucose responses across oils, demonstrating that

lower

glucose tolerance did not simply track total fat expo-
sure or body weight.[103]

Fat quality can influence adipose tissue even after
obesity is established. In male C57BL/6]J mice
switched from a lard-based HFD to isocaloric diets
containing lard, coconut, olive, or fish oil, fish-oil
feeding improved antioxidant potential and partly re-
stored redox enzyme activity, while altering adipokines
and the visceral-adipose metabolome.[3] This result
supports distinguishing the effect of fat quality from the
effect of excess dietary energy; it does not establish that
one oil is universally protective across formulations,
species, or disease endpoints. The fat sources discussed
above and the evidence cited for each are summarized
in Table 1.

Table 1: Fat Sources Discussed in This Review and the Evidence Cited for Each.

Fat source Principal fatty acids* Evidence cited
In C57BL/6 mice on 60%-fat dicts for 10 weeks, lard was associated with
greater subcutaneous and visceral adipose accumulation, higher IL-6 and
Saturated and monoun- . . ooe . . . .
Lard saturated lower adiponectin than several plant-oil diets; insulin and leptin also varied
by lipid source [90]. A lard-based HFD was the baseline diet before
isocaloric oil substitution in established DIO [3].
One of four isocaloric diets (lard, coconut, olive, fish oil) given after a lard-
Coconut oil Saturated, with medium- | based HFD in male C57BL/6J mice [3]; also compared with sunflower and
chain fatty acids extra virgin olive oil HFDs for immunometabolic effects in female mice
[42]. Oil-specific outcomes are not detailed in the text.
Included in the isocaloric substitution study [3] and in the comparison with
Olive oil Monounsaturated coconut and sunflower oil HFDs in female mice [42]. Oil-specific outcomes
are not detailed in the text.
In established DIO, fish-oil feeding improved visceral-adipose antioxidant
sy i potential, partly restored redox enzyme activity and altered adipokines and
Fish oil n-3 polyunsaturated the visceral-adipose metabolome [3]. High fructose intake blunted some
hepatic lipid-lowering effects of a fish-oil-rich diet [89].
Weight gain and glucose responses differed across dietary oils in mice, and
Other dietary Variable glucose tolerance did not simply track total fat exposure or body weight
oils [103]. HFDs raised MCP-1 and PAI-1, while adipokine effects differed
across oil types [97].
Hydrogenate d Sat.urated; trans fatty Compared with lard for HFD-induced obesity in rats [26]; outcomes are not
vegetable short- acids depend on the S
. summarized in the text.
ening product

*General classification of the predominant fatty acids;
it is not derived from the cited studies. Abbreviations:
DIO, diet-induced obesity; HFD, high-fat diet; IL-6,
interleukin-6; MCP-1, monocyte chemoattractant pro-
tein-1; PAI-1, plasminogen activator inhibitor-1.

3.2 Carbohydrate, protein, and comparator diet

Sucrose and fructose can add a second obesogenic and
metabolically active exposure. A diet containing high
fat plus fructose is therefore not equivalent to a fat-only
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challenge. In one mouse study, fructose blunted some
hepatic lipid-lowering effects observed with a fish-oil-
rich diet.[89] Protein source and amount, fiber, and
micronutrient composition should likewise be matched
or transparently reported. When experimental and
control diets differ in several ingredients, observed
effects cannot be attributed uniquely to dietary fat.

A purified low-fat control may be preferable when the
goal is to isolate the effect of dietary fat, provided the
diets are otherwise appropriately matched. Standard
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chow serves as a pragmatic control; however, its com-
positional variability often leads to fluctuations in fiber
and micronutrient levels.Alternatively, western-style
or cafeteria diets more effectively emulate the palata-
bility and diversity of food selection, yet they introduce
further inconsistency regarding both formulation and
consumption patterns.Such cafeteria feeding regimes
are characterized by their capacity to induce substantial
weight gain and metabolic dysregulation via access to
highly palatable foods, a dynamic that inherently com-
promises the precise control over nutrient composition
afforded by purified diets..[5] The main diet and com-
parator formats are compared in Table 2.

4. Energy density, intake, and energy balance

Food mass is not a sufficient measure of exposure when
diets differ in energy density. Report the grams con-
sumed and compute energy intake in kcal per animal,
contextualized by body weight and feed efficien-
cy.Empirical comparisons indicate that identical food
masses may coincide with elevated caloric intake and
enhanced feed efficiency when a high-fat diet is ad-
ministered [85].Furthermore, increased adiposity may
stem from heightened caloric consumption, altered
energy expenditure, or a combination of both factors;
consequently, food intake data alone fails to differen-
tiate among these potential mechanisms. A 16-week
investigation utilizing C57BL/6NCrjBgi mice revealed
that while dietary consumption remained comparable
between the high-fat and low-fat cohorts, the high-fat
group exhibited significantly elevated caloric intake
and superior feed efficiency.[85] Conversely, studies of
rats fed different fat levels reported dose-related
changes in energy intake, weight gain, fat mass, and
metabolic markers, with obesity-prone animals show-
ing positive energy balance and altered substrate use.
[92] These findings illustrate why caloric intake and
expenditure should be assessed separately where the
mechanistic question concerns energy balance.

4.1 Energy intake, expenditure, and feed efficiency

A high percentage of energy from fat is not itself proof
that an animal experienced greater total energy intake.
Diet composition, palatability, and energy density can
alter grams eaten and calories consumed in different
directions. An animal may consume fewer grams of a
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dense diet yet receive more energy, or may compensate
for a high-energy diet by reducing intake. The animal-
level exposure is therefore the combination of food
composition and actual consumption, not the diet for-
mula in isolation.

Energy balance also includes expenditure. Thermoge-
nesis, locomotor activity, body size, and substrate oxi-
dation may influence whether a given energy intake is
stored. The comparative rat-mouse study reported
different compensatory energy-expenditure patterns
between species and sexes, illustrating that identical
diet access need not produce equivalent energy bal-
ance.[4] Where the research question requires a mech-
anistic explanation of weight gain, indirect calorimetry
or activity measurements can be informative, but they
should be interpreted in relation to body composition,
feeding state, acclimation to measurement chambers,
and timing. A single energy-expenditure estimate
should not be treated as a complete explanation of
chronic weight gain.

Feed efficiency can help describe conversion of in-
gested energy into body mass, but it is not a
mechanistic endpoint by itself. It is influenced by the
denominator chosen, body-size scaling, intestinal
energy absorption, tissue composition of gained
weight, and measurement error in food disappearance.
Investigators should state the formula and report its
component measures so the reader can interpret
whether a high ratio arose from greater gain, lower
measured intake, or both.

5. Animal-related factors and exposure duration
5.1 Species, strain, substrain, sex, and age

Species and genetic background determine the magni-
tude and pattern of DIO. Sprague—Dawley and Wistar
rats, and C57BL/6 mice, are common models, but none
guarantees a uniform phenotype. Some Wistar sub-
strains have been reported as relatively resistant to diet-
induced obesity, whereas another comparative report
described greater susceptibility in Wistar than Sprague
—Dawley rats under its specific conditions.[79][91]
This apparent inconsistency underscores the influence
of substrain, protocol, and experimental context rather
than supporting a universal ranking of rat strains.
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Substrain differences also occur within C57BL/6-re-
lated mice. In a three-vendor comparison, groups
gained similar total body weight on a 60%-fat diet yet
differed in fat percentage and depot weights; responses
to a fructose-containing Western diet varied more sub-
stantially.[93] Vendor, microbiome, acclimation, and
husbandry should consequently be documented, par-
ticularly when reproducing published phenotypes.

Sex is a biological modifier, not merely a demographic
descriptor. A comparative investigation into Sprague—
Dawley rats and C57BL/6 mice revealed that inter-
species variations significantly influence sex-specific
disparities in weight accretion, adipose distribution,
glucose tolerance, and energy expenditure. Specifi-
cally, female rats exhibited a delayed trajectory of
weight gain alongside a reduced incidence of associ-
ated complications, in stark contrast to female mice,
who demonstrated marked expansion of visceral fat.4]
Many earlier obesity-model studies have relied pre-
dominantly on male rodents, limiting inference across
sexes.[6] Both sexes should be included when relevant,
with adequate power to estimate sex-by-diet
interactions rather than treating sex as an unexamined
covariate.

Age at diet initiation and developmental exposure can
alter interpretation. Maternal diet during gestation and
lactation, for example, affected offspring adiposity and
glucose and lipid measures in a Wistar rat study, inde-
pendently of post-weaning diet.[78] Reports should
state age at arrival and at diet initiation, developmental
stage, and any maternal or early-life exposure.

5.2 Duration and phenotype timing

Short (approximately 2—4 weeks), intermediate (6—12
weeks), and longer (>12 weeks) exposures answer
different questions and should not be treated as inter-
changeable. Early changes may precede substantial
weight gain; longer feeding can reveal sustained adi-
posity, insulin resistance, and organ pathology. A study
of C57BL/6J mice reported age-dependent worsening
of several metabolic and hepatic outcomes during
longer HFD exposure.[82] Therefore, duration should
be justified by the intended phenotype, and intermedi-
ate measurements can distinguish onset from progres-
sion. Table 3 summarizes the animal-related factors
and exposure duration discussed above, and Table 4
lists the representative studies cited in this review.

Table 3: Animal-related Factors and Exposure Duration That Modify the HFD Phenotype.

Factor Examples in cited studies Reported or potential influence
Sex differences in weight gain, fat distribution, glucose tolerance
Species Rats and mice and energy expenditure varied by species; compensatory energyex-

penditure patterns differed between species and sexes.[4]

Strain and substrain

Sprague-Dawley and Wis-
tar rats; C57BL/6related
substrains

Some Wistar substrains were relatively resistant to DIO, whereas
another comparison reported greater susceptibility in Wistar than
Sprague—Dawley rats. C57BL/6 substrains from three vendors
gained similar weight on a 60%-fat diet but differed in fat
percentage and depot weights.[79,91,93]

Sex

Male and female rodents

Females showed delayed weight gain and fewer complications in
rats, but pronounced visceral-fat expansion in mice. Earlier studies
relied predominantly on males.[4,6]

Age and develop-
mental history

Maternal diet during gesta-
tion and lactation

Maternal diet affected offspring adiposity and glucose and lipid
measures in Wistar rats, independently of post-weaning diet.[78]

Vendor, micro-
biome, housing

Three-vendor comparison

Should be documented, particularly when reproducing published
phenotypes.[93]

Duration of feeding

Short (about 2—4 weeks),
intermediate (6—12 weeks),
longer (>12 weeks)

Answers different questions; early changes may precede substantial
weight gain, whereas longer feeding can reveal sustained adiposity,
insulin resistance and organ pathology, including age-dependent
worsening in C57BL/6J mice.[82]

Abbreviation: DIO, diet-induced obesity.
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Table 4: Representative Rodent HFD Studies Cited in This Review.

position of dietary fat

Animals Diet or comparison Duration Main findings as summarized in the text
. Fat quantity influenced body weight and composi-
Diffi - . e
Rats ifferent amounts and com Long term tion more than fat type initially; fat type affected

later outcomes and subcutaneous distribution.[8]

Sprague-Dawley Different dietary fat levels

Dose-related changes in energy intake, weight gain,
fat mass and metabolic markers; obesity prone ani-

oils

rats mals showed positive energy balance and altered
substrate use.[92]
C57BL/6NCrjBgi . Similar food intake, but greater caloric intake and
mice High-fat vs low-fat 16 weeks feed efficiency on the high-fat diet.[85]
Lard: greater subcutaneous and visceral adipose
0, .
C57BL/6 mice 60% fat,liidozfsseveral 10 weeks accumulation, higher IL-6, lower adiponectin; in-
p sulin and leptin varied by lipid source.[90]
o1 g . Weight gain and glucose responses differed across
Mice HFDs with different dictary oils; glucose tolerance did not track total fat expo-

sure or body weight.[103]

NS, not stated in the source summary available to the
authors. Abbreviations: AMPK, AMP-activated pro-
tein kinase; DIO, diet-induced obesity; HFD, high-fat
diet; IL-6, interleukin-6. .

6. Development and distribution of adiposity

A sustained positive energy balance promotes expan-
sion of adipose depots, but body weight is an imperfect
proxy for fat mass. Body composition measures and
depot weights distinguish fat gain from changes in total
body weight; comparative studies report diet-source-
related differences in visceral and subcutaneous adi-
pose accumulation.[90] Ectopic lipid accumulation and
hepatic steatosis have also been reported in HFD-fed
rodents.[82]

The distinction is experimentally consequential: dif-
ferent oil-based high-fat diets altered the relative ac-
cumulation of subcutaneous and visceral depots in
mice, as well as adipokines and glucose-related mea-
sures.[90] Liver triglyceride accumulation and steato-
sis have also been reported after HFD exposure in
rodents.[99] Thus a model should be validated using
the tissue phenotype relevant to the hypothesis, not
weight gain alone.

7. Adipose tissue remodeling

Adipose expansion involves enlargement of existing
adipocytes (hypertrophy), recruitment and differentia-
tion of new adipocytes (hyperplasia/adipogenesis), and
remodeling of the extracellular matrix. Which process

P b

if";ft {:ﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

= -évjv"

—

{

predominates can affect tissue oxygenation, immune-
cell composition, and endocrine function. The supplied
evidence includes studies reporting adipocyte hyper-
trophy and depot-specific accumulation, but does not
provide consistent comparative measurements of adi-
pogenesis, fibrosis, or tissue oxygenation across diet
protocols.[12,14,50]

As adipose tissue expands, immune-cell recruitment
and local inflammatory signaling may accompany
metabolic dysfunction. Macrophage abundance and
activation state are often discussed as components of
obesity-associated inflammation, but a simple M1/M2
dichotomy may not capture the diversity of adipose
immune states. Studies should report the assay, mark-
ers, tissue compartment, and cell-identification method
rather than treating a cytokine change as direct proof of
a specific macrophage phenotype. The reference set
documents altered inflammatory cytokines and
adipokines with different fat sources, but it does not
support a single universal sequence from hypertrophy
through hypoxia to inflammation.[42,97,90]

7.1 Adipocyte size, number, and tissue capacity

Adipose tissue can expand through hypertrophy of
existing adipocytes, recruitment and differentiation of
precursor cells, or a combination of both. Hypertrophy
may be accompanied by altered lipid handling, me-
chanical stress, and changes in secretory behavior.
Hyperplasia can increase storage capacity but depends
on precursor availability, differentiation programs, and
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depot-specific biology. Therefore, measuring total
depot weight alone cannot determine which cellular
process produced the expansion.

A rigorous adipose assessment combines depot mass
with histology and, where possible, quantification of
adipocyte size distributions. Reporting only a mean cell
diameter can obscure a mixed population of small and
very large adipocytes; methods should describe the
number of animals, fields, and cells sampled, how
fields were selected, and whether image analysis was
blinded. If adipogenesis is central to the hypothesis,
markers of progenitor populations or differentiation
should be measured directly rather than inferred from
adipocyte enlargement.

Extracellular matrix (ECM) remodeling is another
important dimension. Collagen deposition and altered
matrix organization can change tissue compliance and
constrain healthy expansion. Yet a collagen stain or
fibrosis-associated transcript is not by itself proof of
functionally limiting fibrosis. Histologic scoring, bio-
chemical collagen measurement, and functional or
molecular correlates should be interpreted together.
The supplied evidence set contains relatively limited
harmonized ECM and adipocyte-progenitor data, so
conclusions about the timing and causal role of fibrosis
across HFD models remain less secure than conclu-
sions about gross adiposity or selected circulating
markers.

7.2 Vascularization, oxygenation, and tissue stress

As adipose depots enlarge, the relationship between
tissue growth and vascular supply may influence local
oxygen availability, nutrient delivery, and waste re-
moval. Hypoxia-related responses are plausible mech-
anisms linking expansion to cellular stress, but their
presence should be measured rather than presumed
from obesity. A strong design can combine tissue oxy-
genation or hypoxia-response markers with vascular
density, adipocyte size, inflammatory profiling, and
metabolic function. Sampling location matters because
central and peripheral regions of a depot may not be
equivalent.

The distinction between local and systemic measure-
ments is essential. Plasma cytokines integrate signals
from multiple tissues and cell types; they cannot be
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assigned to adipose tissue without supporting evidence.
Conversely, a tissue homogenate may obscure which
cell population produced a signal. Flow cytometry,
immunohistochemistry, single-cell approaches, or cell-
specific assays can help localize the response, but each
method has its own preparation and interpretation lim-
itations. Cross-platform agreement strengthens an in-
terpretation more than multiple measurements that
share the same sample-preparation bias.

7.3 Adipokines and inter-organ communication

Leptin and adiponectin are commonly measured be-
cause they reflect aspects of adipose mass and function,
but neither is a stand-alone diagnosis of metabolic
health. Leptin generally rises with fat mass, yet con-
centration is affected by sex, species, depot, and leptin
sensitivity. High leptin therefore may indicate in-
creased adiposity without demonstrating effective sig-
naling. Adiponectin often tracks more favorable insulin
sensitivity, but changes in its concentration should be
distinguished from changes in receptor signaling or
functional response.

Comparisons of dietary fat sources report differences
in leptin and adiponectin alongside changes in depot
distribution and glucose-related measures.[3,90,97]
Simultaneous measurement of circulating and depot-
specific adipokines can help distinguish systemic
availability from local expression or secretion, but
assay matrices and normalization should be reported.
Adipokine results become more informative when
paired with body composition, insulin sensitivity mea-
sures, and tissue-level signaling.

Adipose tissue communicates with liver, skeletal mus-
cle, pancreas, brain, and kidney through circulating
substrates, hormones, cytokines, and neural pathways.
HFD-related liver steatosis is one well-described end-
point in the supplied evidence; the relation between
adipose dysfunction and hepatic lipid handling remains
a mechanistic question that requires tissue-specific
measurements.[82,99] A multi-organ panel can estab-
lish whether phenotypes co-occur, but causal direction
requires longitudinal designs or selective interventions.

8. Molecular regulation and signaling

HFD-associated metabolic dysfunction involves inter-
acting pathways in adipose tissue, liver, and muscle.
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This section summarizes candidate regulators—in-
cluding adipogenic factors PPARy and C/EBPs, li-
pogenic regulators SREBP-1c, ACC and FAS, and
fatty-acid binding protein FABP4—as a mechanistic
framework; the supplied reference summaries do not
provide a comparable, source-specific evaluation of
every listed factor. Adipokine measurements demon-
strate variation by dietary fat source and tissue com-
partment.[3,42,90,97]

AMP-activated protein kinase (AMPK) links cellular
energy state to metabolic regulation. In rats fed HFD
for 15 weeks, increased adiposity and hepatic triglyc-
erides were accompanied by reduced hepatic AMPK
and phosphorylated AMPK; the authors interpreted
these findings in relation to hepatic steatosis.[99] This
association is consistent with AMPK involvement but
does not alone establish that altered AMPK activity
caused the phenotype.

Insulin signaling through PI3K/Akt and GLUT4-de-
pendent glucose transport is a candidate mechanistic
axis for HFD studies. The supplied summaries report
impaired glucose tolerance and altered insulin-related
measures, but are heterogeneous in tissue, assay, and
diet design; direct pathway claims therefore require
measurements such as phosphorylation, transporter
abundance or translocation, and tissue-specific func-
tion.[58,61,73]

NF-kB-associated inflammatory signaling and Nrf2-
linked antioxidant responses are candidate pathways in
HFD models. The supplied studies report cytokine,
adipokine, and redox changes under selected diets, but
do not establish a uniform causal pathway across pro-
tocols.[42,49,69,72]

9. Inflammation and oxidative stress

Obesity-associated inflammation is generally charac-
terized as chronic and low grade, involving altered
cytokines and immune-cell signals rather than the acute
response to infection. In a C57BL/6 mouse study, lard-
based HFD was associated with higher IL-6 and lower
adiponectin than several alternative oil-based HFDs,
and fat-source differences also affected insulin and
leptin.[90] Other work in the supplied set found that
high-fat diets could increase MCP-1 and PAI-1 while
effects on adipokines differed across oil types.[97]
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These results caution against assuming that all high-fat
diets produce identical inflammatory profiles.

Oxidative stress may reflect altered mitochondrial
function, lipid overload, and changes in antioxidant
defenses. Relevant experimental measurements can
include reactive oxygen species, lipid-peroxidation
products such as malondialdehyde, and antioxidant
systems such as superoxide dismutase, catalase, glu-
tathione peroxidase, and reduced glutathione. How-
ever, these markers are not interchangeable, and a
single circulating marker does not establish tissue-spe-
cific oxidative injury. A study comparing fat sources in
established DIO found improved visceral-adipose an-
tioxidant potential with fish oil relative to lard, pro-
viding evidence that dietary fat quality can modify
redox readouts.[3]

9.1 Immune-cell composition and inflammatory
signaling

Adipose inflammation is often studied through
macrophage abundance and cytokine expression.
However, an increase in macrophage-associated tran-
scripts can arise from more macrophages, altered ex-
pression per cell, changes in other immune cells, or
shifts in adipocyte abundance within the sampled tis-
sue. The frequently used M1/M2 labels are a simplifi-
cation and should not substitute for explicit marker
panels or functional characterization. Investigators
should name the markers measured, whether they re-
flect cell identity or activation, and the method used to
quantify them.

Chemokines such as MCP-1 can be measured in plasma
or tissue, but concentration changes alone do not es-
tablish recruitment of a particular leukocyte popula-
tion. To support recruitment, studies can quantify
immune-cell abundance and phenotype in the relevant
depot and connect those findings to chemokine ex-
pression. Similarly, TNF-a or IL-6 changes can be
biologically relevant without demonstrating that either
cytokine mediates insulin resistance. Causal mediation
requires perturbation or temporal evidence, not only
cross-sectional association.

Diet composition complicates interpretation because
fatty acids can influence both adiposity and inflamma-
tory signaling. The supplied studies report fat-source
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differences in cytokine and adipokine profiles, and
fish-oil substitution altered visceral-adipose redox and
secretory measures in established DIO.[3,97] Such
observations justify measuring diet composition pre-
cisely, but should not be generalized to every dose,
species, or oil blend without replication.

10. Metabolic consequences
10.1 Glucose homeostasis and insulin resistance

HFD-induced glucose dysfunction should be charac-
terized with complementary measures: fasting blood
glucose (FBG), oral glucose tolerance testing (OGTT),
insulin, and—where validated—HOMA-IR or HbA lc.
These assays address different aspects of glucose
homeostasis; HFD studies in the supplied set used
glucose tolerance and insulin-related measures,
demonstrating the value of multi-endpoint phenotyp-
ing.[61,82,85,98] Report fasting conditions, challenge
dose, sampling schedule, and calculation method; no
single endpoint should be treated as a synonym for
insulin resistance.

HFD-associated glucose intolerance and hyperinsu-
linemia have been reported in both rats and mice, but
the severity depends on diet, duration, and host back-
ground. A 12-week study reported impaired glucose
tolerance and elevated glucose and insulin measures
in animals fed 45% or 60%-fat diets compared with
controls.[98] Another study found that the response to
HFD differed across sexes and species, reinforcing that
metabolic outcomes cannot be presumed from body
weight alone.[4]

10.2 Dyslipidemia and hepatic outcomes

Dyslipidemia may include changes in triglycerides,
total cholesterol, non-HDL cholesterol, and lipoprotein
fractions. These endpoints should be reported sepa-
rately because total cholesterol alone does not charac-
terize lipoprotein distribution. Fat source can modify
lipid outcomes: a study comparing oils reported that
body-weight and glucose responses differed among
groups, and the relationship between obesity and glu-
cose tolerance was not reducible to a single fatty-acid
measure.[103]

The liver is a frequent site of ectopic lipid deposition
under obesogenic feeding. Histology and hepatic
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triglyceride measurements can identify steatosis, while
serum ALT and AST can indicate hepatocellular injury
in context; neither enzyme alone specifies the under-
lying pathology. Longer HFD exposure in C57BL/6J
mice was associated with steatosis and subsequent
inflammation alongside metabolic changes.[82] Renal
changes, including albuminuria or histologic alter-
ations, have also been reported in selected models, but
should be measured directly rather than assumed to
accompany every HFD phenotype.[20,82]

10.3 Glucose-test protocol and interpretation

Glucose tolerance tests are sensitive to fasting duration,
time of day, route and dose of glucose, stress, prior
handling, and sampling schedule. Longer fasting is not
automatically better: prolonged fasting can alter
glycogen stores, counter-regulatory hormones, and
substrate use, potentially changing the apparent re-
sponse. The test should specify whether glucose was
administered orally or intraperitoneally, the dose basis,
the fasting interval, sample time points, and whether
the primary outcome is peak, return-to-baseline, or area
under the curve.

An OGTT integrates intestinal absorption, incretin
signaling, insulin secretion, and peripheral glucose
disposal; it is not a direct measurement of insulin sen-
sitivity alone. An insulin tolerance test assesses glucose
lowering after insulin but is affected by baseline glu-
cose, counter-regulation, insulin dose, and the floor
effect. Fasting insulin and glucose can be useful de-
scriptive measures, but HOMA-IR should be inter-
preted cautiously in rodents because the index was
developed for a specific physiological and assay con-
text. If the primary question is tissue-specific insulin
action, a clamp or validated tissue-level approach may
be more appropriate.

Longitudinal testing also requires attention to repeated-
challenge effects. Repeated OGTTs can alter handling
familiarity and may influence physiology; intervals and
procedures should be standardized. If animals undergo
multiple tests, the sequence, recovery period, and order
of assays should be reported. Investigators should pre-
define the primary glycemic endpoint and avoid
choosing among multiple time points after seeing
which yields statistical significance.
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10.4 Lipid and liver measurement

A lipid panel should identify whether triglycerides and
cholesterol were measured in plasma or serum, whether
samples were fasting, and how lipoprotein fractions
were obtained. Rodent lipoprotein profiles differ from
human profiles, so direct translation of a total-choles-
terol value is limited. For liver phenotype, report organ
weight, biochemical lipid content, histologic findings,
and relevant enzymes separately. ALT and AST are
indicators of injury in context, not specific diagnoses
of steatosis or steatohepatitis.

Histopathology benefits from blinded assessment and a
stated scoring system. Steatosis, inflammation, bal-
looning, and fibrosis should not be collapsed into a
single label when the study measured only one feature.
Tissue sections should be sampled consistently across
lobes and animals, with staining and imaging condi-
tions held constant. If the question concerns progres-
sion, longitudinal or multiple-duration cohorts are
needed; a single terminal time point cannot establish
whether steatosis preceded inflammation. Kidney and
other secondary phenotypes

Renal outcomes may be assessed through urinary al-
bumin, the albumin-to-creatinine ratio, blood urea

nitrogen, serum creatinine, or histopathological analy-
sis, yet each metric possesses inherent constraints.
Specifically, urine concentration fluctuates depending
on hydration levels and the conditions under which
samples are collected, while serum markers often fail
to detect early stages of injury with sufficient sensitiv-
ity. Consequently, findings from high-fat diet (HFD)
experiments must be contextualized by considering the
subject's age, blood pressure, glucose status, and the
duration of the intervention. It is crucial to recognize
that such renal manifestations are not an inevitable
consequence of every adiposity phenotype. Investiga-
tors evaluating secondary organs must delineate pri-
mary from exploratory endpoints within their analytical
framework to mitigate the risk of spurious findings
arising from unplanned multi-organ assessments. The
credibility of a biologically coherent secondary phe-
notype is substantiated by replication, the presence of
dose or duration responses, and the alignment between
functional and structural metrics.

11. Experimental endpoints for model validation

Model validation should match the scientific question
and combine organism-level, metabolic, and tissue-
level measures. A practical core panel includes:

Table 5: Core Panel of Experimental Endpoints for Validating Rodent HFD Models.

position of dietary fat

Animals Diet or comparison Duration Main findings as summarized in the text
. Fat quantity influenced body weight and composi-
Rats Different amounts and com- Long term tion more than fat type initially; fat type affected

later outcomes and subcutaneous distribution.[8]

—Dawl . .
Sprague-Dawley Different dietary fat levels

Dose-related changes in energy intake, weight gain,
fat mass and metabolic markers; obesityprone ani-

oils

rats mals showed positive energy balance and altered
substrate use.[92]
C57BL/6NCrjBgi . Similar food intake, but greater caloric intake and
mice High-fat vs low-fat 16 weeks feed efficiency on the high-fat diet.[85]
Lard: greater subcutaneous and visceral adipose
0, .
C57BL/6 mice 60% fat’lilrfi O\izlssseveral 10 weeks accumulation, higher IL-6, lower adiponectin; in-
p sulin and leptin varied by lipid source.[90]
g . Weight gain and glucose responses differed across
Mice HFDs with different dietary oils; glucose tolerance did not track total fat expo-

sure or body weight.[103]

Abbreviations: ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ECM, extracellular matrix;
FBG, fasting blood glucose; ITT, insulin tolerance test;
OGTT, oral glucose tolerance test.
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Table 5 describes candidate endpoints, not a require-
ment to measure every item in every experiment. Pre-
specify primary outcomes and report assay methods;
reported rodent studies use combinations of intake,
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glucose tolerance, tissue weights, serum chemistry, and
histopathology.[82,85,98]

Distinguishing obesity induction from measured phe-
notype

Induction constitutes a procedural intervention,
whereas obesity represents a quantifiable phenotype.
Consequently, even when a protocol subjects animals
to a diet typically employed to trigger obesity, the re-
sultant degree and trajectory of adiposity may vary
significantly across individuals. Therefore, investiga-
tors must establish success criteria prospectively—such
as a statistically significant elevation in fat mass rela-
tive to concurrent controls, attainment of a specific
body-composition threshold, or a composite metric
integrating adiposity with metabolic parameters. While
body-weight gain serves as a practical screening indi-
cator, it fails to delineate whether the observed increase
stems from augmented fat mass, lean tissue accretion,
fluid retention, or organomegaly. The corpus of evi-
dence presented herein underscores instances wherein
body mass and metabolic phenotypes fail to exhibit a
synchronized trajectory. A specific investigation into
C57BL/6-related substrains revealed that, despite
comparable total body weight accumulation under
identical high-fat diet (HFD) regimens, significant
disparities emerged regarding body fat percentage and
depot-specific weights.[93] Conversely, a comparative
study delineating sex-specific responses in rodents
identified divergent patterns between rats and mice,
characterized by distinct variations in visceral adipos-
ity and glucose tolerance.[4] Such discrepancies com-
pel the reevaluation of model validation protocols,
suggesting that efficacy should be ascertained through
metrics rigorously aligned with the target phenotype
rather than relying exclusively on weight as a proxy for
success. A critical distinction must be drawn between
obesity and its associated complications, recognizing
that while adiposity, impaired glucose handling, dys-
lipidemia, hepatic steatosis, and renal alterations are
interconnected, they represent distinct outcomes. Cer-
tain experimental protocols may precipitate excessive
adiposity without inducing significant glucose intoler-
ance within the specified timeframe, whereas other
studies might demonstrate disrupted glucose home-
ostasis prior to the emergence of substantial body
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weight discrepancies. Consequently, nomenclature
should reflect the specific metrics observed; for in-
stance, the designation «HFD-associated adiposity
with impaired glucose tolerance» is more accurate than
the blanket term «diabetic model» when formal dia-
betes criteria have not been established.

12. Sources of variability and reproducibility

Critical determinants of variability encompass fat per-
centage, fatty-acid provenance, sugar concentration,
energy density, comparator formulation, feeding dura-
tion, species, strain and substrain, sex, age, vendor,
microbiome composition, housing conditions, and
individual susceptibility. Discrepancies in these pa-
rameters can profoundly influence both the magnitude
of adiposity and the distribution of metabolic out-
comes. Comparative analyses of C57BL/6 substrains
and rat strain studies demonstrate that ostensibly iden-
tical dietary labels fail to guarantee equivalent pheno-
typic expressions.
individual responses undermines the validity of infer-
ences drawn solely from aggregate data. Given the
documented influence of specific bacterial strains and

The inherent heterogeneity of

sex on physiological outcomes, researchers must report
response distributions and establish prespecified
thresholds for defining obesity or metabolic dysfunc-
tion, rather than relying exclusively on group means.
[4,12,93] Furthermore, any exclusions predicated upon
response characteristics must be rigorously prespeci-
fied and substantiated. 13. Standardization and re-
porting recommendations To ensure scientific rigor,
manuscripts must comprehensively report: (1) the
manufacturer, catalog or formula identifier, and full
ingredient composition; (2) the percentage of caloric
intake derived from fat, carbohydrate, and protein; (3)
the specific fat source alongside its fatty-acid profile,
as well as the sugar source and quantity; (4) energy
density and data regarding micronutrients and fiber
content; (5) the composition of the control diet and the
methodology employed to match it; (6) measured food
intake and calculated caloric consumption; (7) detailed
animal characteristics including species, strain or sub-
strain, sex, age, vendor, and housing conditions; (8)
protocols for acclimation and experimental duration;
(9) the body-composition and metabolic criteria uti-
lized to establish the disease model; and (10) precise
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timing, fasting conditions, analytical assays, and
methodological approaches. This rigorous checklist is
necessitated by documented variability in diet formu-
lation and distinct responses observed across different
strains and sexes.[4,10,30,93] A comprehensive re-
view encompassing 110 comparative investigations
into dietary-induced obesity (DIO) and dietary-induced
metabolic dysfunction (DIMD) in rats revealed that
less than half of these studies furnished complete de-
tails regarding diet composition and caloric consump-
tion. [10] This finding underscores the imperative for
explicit reporting to ensure reproducibility; however,
the prevalence figure is contingent upon the specific
corpus of literature examined and should not be indis-
criminately extrapolated to other species or subsequent
publication eras absent a more recent and extensive
survey.

13.1 Experimental structure and allocation

Randomization should occur at the appropriate unit. If
animals are individually housed and individually fed,
the animal may be the experimental unit; if food expo-
sure is delivered by cage, the cage may be the unit for
intake-related outcomes. Treating multiple animals
sharing one exposure unit as independent can underes-
timate uncertainty. Methods should state the experi-
mental unit, allocation procedure, and whether litter,
cage, or batch effects were addressed.

Control diet and HFD groups should be balanced for
sex, age, and relevant baseline characteristics. For
factorial questions, a design that includes diet and sex
as explicit factors is preferable to separate analyses that
cannot estimate interaction. If multiple HFD formula-
tions are compared, randomization and housing should
avoid confounding diet with room, rack, shipment, or
assay batch. Blinding is feasible for many outcome
assessments, including histology, image analysis, and
biochemical processing, and should be described.

Sample size should be based on the primary endpoint
and expected variability in the chosen strain and pro-
tocol. Pilot studies can estimate feasibility and variance
but should not be used to justify arbitrary group sizes.
Attrition, exclusions, and reasons for missing data
should be reported by group. If nonresponse is ex-
pected, define in advance whether the study estimates
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the average effect of diet assignment or the effect
among animals meeting a phenotype threshold; these
are different questions.

13.2 Statistical analysis and transparent reporting

Repeated body-weight and intake measurements are
longitudinal data. Analysis should account for within-
animal correlation and time-by-diet effects rather than
treating each observation as independent. Terminal
outcomes can be modeled with relevant design factors,
while covariate adjustment should be prespecified and
biologically justified. Reporting only p-values hides
the magnitude and precision of differences; provide
effect estimates, uncertainty intervals, individual data
where possible, and exact group sizes.

When many tissues, cytokines, genes, and time points
are assessed, multiplicity becomes important. Separate
confirmatory endpoints from exploratory profiling,
apply appropriate correction or clearly label analyses
as exploratory, and provide enough detail to reproduce
data processing. For omics experiments, report nor-
malization, filtering, batch correction, and validation
procedures. A visually clear heat map does not replace
a defined statistical model or independent validation.

Diet batches and shelf life deserve attention. Fatty-acid
oxidation or degradation during storage may alter the
exposure; manufacturers, catalog numbers, lot num-
bers, preparation, storage temperature, and time from
preparation to use can be relevant, especially for oils
rich in unsaturated fatty acids. Water supplements
containing sugars should likewise be prepared and
replaced consistently. These details can be particularly
important when comparing fat quality or redox out-
comes.

Practical reporting template

A concise methods description can follow this order:

1. Animals: species, strain/substrain, vendor, sex, age,
developmental history, housing, acclimation, and
ethics approval.

2. Diet: manufacturer, catalog and lot, kcal% and
grams per kilogram of each macronutrient, fat
source and fatty-acid profile, carbohydrate source,
protein source, fiber and micronutrients, energy
density, and storage conditions.
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3. Comparator: complete formulation and rationale
for its use; explicitly identify unmatched compo-
nents.

4. Exposure: feeding duration, start age, ad libitum or
pair-fed design, water supplements, food measure-
ment method, spillage correction, and intake in
both grams and calories.

5. Phenotype definition: prespecified criteria for
adiposity and any metabolic complication; timing
of all measurements.

6. Endpoints: test protocols, assay kits or platforms,
tissue collection and processing, histology scoring,
and blinding.

7. Analysis: experimental unit, randomization, sam-
ple-size rationale, primary outcome, statistical
model, missing data, exclusions, and multiplicity
handling.

This format allows another laboratory to determine
whether a result is reproducible in its own setting and
whether differences likely reflect diet composition,
animal background, or analysis. It also makes negative
findings interpretable: a null body-weight effect can
coexist with altered depot distribution or glucose han-
dling, and the report should make clear which out-
comes were measured with sufficient precision.

14. Translational relevance and limitations

Rodent HFD studies report increased adiposity, im-
paired glucose regulation, dyslipidemia, and hepatic fat
accumulation, enabling controlled mechanistic study
and tissue sampling.[6,7,10] However, similarity on
selected endpoints does not establish equivalence to
human obesity across all disease features.

Translation is limited by controlled housing and diet
access, genetic homogeneity in commonly used strains,
species-specific physiology and lifespan, and differ-
ences between experimental diets and human dietary
patterns. Even within rodents, sex, strain, and fat source
alter outcomes. A review of translational validity notes
that rodent diet-induced metabolic profiles do not fully
replicate human obesity and type 2 diabetes, and iden-
tifies diet composition, duration, and controls as im-
portant sources of divergence.[1] Accordingly, these
models are strongest for testing defined mechanisms
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under specified conditions, not for claiming that a sin-
gle rodent diet reproduces the full human disease.

15. Future perspectives

Future studies should match exposure design to the
biological question, include both sexes where feasible,
account for strain and substrain, quantify caloric intake,
and distinguish fat quantity from fat quality and sugar
co-exposure. Sex- and substrain-dependent outcomes
in comparative studies support these design priorities.
[4,93] Longitudinal body-composition and metabolic
measures can help establish the timing of phenotypic
changes.

Multi-tissue phenotyping can clarify whether changes
in adipose tissue precede or accompany liver, muscle,
or renal dysfunction. Molecular measurements should
be paired with functional assays and interpreted within
their tissue and time context. Genetically diverse mod-
els and cross-model replication may improve general-
izability, while cafeteria or Western-style diets may be
useful when palatability and dietary variety are central
to the question—provided their reduced compositional
control is acknowledged.[5][94] Evidence gaps and
priorities for model development

Several evidence gaps limit broad conclusions. First,
many entries in the supplied reference collection are
abstracts or short summaries rather than full-text eval-
uations; exact methods, effect sizes, and risk of bias
could not be assessed consistently. Second, direct
comparisons of fat source, macronutrient matching,
sex, substrain, and duration are not all conducted within
the same factorial design. Cross-study comparisons
therefore mix biological effects with differences in
housing, feeding, assays, and control diets. Third, de-
tailed adipose histology and cellular composition are
less consistently reported than body weight and stan-
dard serum chemistry in the accessible summaries.

A useful next generation of studies would compare a
limited set of well-characterized diets in a shared ex-
perimental framework. For example, a factorial design
could separate fat quantity from fat source and sugar
exposure while including both sexes in one or more
representative strains. Such a design would require
adequate power for interactions and careful control of
energy density; the aim would not be to nominate a
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universal diet, but to estimate which features repro-
ducibly alter the phenotype. Replication across vendors
or substrains would test transportability within rodents.

Standardized core outcomes could coexist with hy-
pothesis-specific endpoints. A minimal panel might
include food and calorie intake, body composition, at
least one dynamic glucose test, fasting insulin or an-
other specified insulin measure, serum lipids, and de-
pot-specific adipose and liver histology. Additional
assays—immune phenotyping, redox measurements,
transcriptomics, or renal endpoints—should be se-
lected to answer explicit mechanistic questions. Shared
reporting standards and accessible diet formulations
would make cross-study synthesis more reliable.

The translational goal should also be clarified. A model
may be useful for studying nutrient sensing, adipocyte
biology, or a particular organ complication without
reproducing the epidemiology or full clinical hetero-
geneity of human obesity. Reviews of rodent DIO
models emphasize both their experimental value and
the need to account for differences from human meta-
bolic disease. [1,6,7,10] Development should therefore
prioritize fit-for-purpose validity: the model should
reproduce the biological process relevant to the ques-
tion, and conclusions should remain within that scope.

CONCLUSION

High-fat diet (HFD)-induced obesity does not consti-
tute a monolithic, standardized entity; rather, adiposity
and metabolic trajectories are modulated by a com-
plex interplay of dietary composition, energy density,
comparator controls, animal genetic background, sex,
age, and experimental duration.[5] Consequently,
weight gain in isolation is insufficient to confirm the
complete phenotypic profile.To ensure greater inter-
pretability of findings, rigorous protocols must en-
compass precise dietary documentation, accurate
quantification of caloric intake, prespecified obesity
criteria, and endpoints tailored to specific tissue type-
s.While rodent models retain significant utility, their
application demands that both the limitations of expo-
sure and the boundaries of translational relevance be
explicitly delineated.[10]  Although high-fat feeding
in rodent models represents a versatile experimental
strategy, it constitutes a heterogencous array of
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conditions rather than a singular standardized protocol.
The interpretation of dietary fat percentage requires
careful contextualization alongside fatty-acid compo-
sition, the nature of carbohydrate and protein sources,
energy density, control formulation, actual caloric
consumption, and the specific biological characteristics
of the subjects. Adipose expansion and metabolic dys-
function manifest as multidimensional phenotypes;
consequently, parameters such as body weight, fat
mass, depot distribution, glucose regulation, lipid pro-
files, hepatic pathology, inflammatory signaling, and
redox state may diverge significantly rather than ex-
hibiting synchronous changes. Rigorous high-fat diet
(HFD) investigations ensure reproducible exposure,
establish the phenotype prior to experimental initiation,
and assess outcomes across both tissue and organismal
scales, thereby aligning causal assertions with experi-
mental design. Variables such as sex, genetic strain,
substrain, age, supplier, and duration must be regarded
as critical determinants of the model rather than inci-
dental variables.Enhanced reporting standards and
cross-model replication will simultaneously advance
reproducibility and translational potential, provided
that the inherent limitation is acknowledged: no singu-
lar rodent HFD protocol can fully encapsulate the
multifaceted complexity of human obesity.
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ACC, acetyl-CoA carboxylase; ALT, alanine amino-
transferase; AMPK, AMP-activated protein kinase;
AST, aspartate aminotransferase; C/EBP, CCAAT/
enhancer-binding protein; DIQO, diet-induced obesity;
ECM, extracellular matrix; FABP4, fatty acid-binding
protein 4; FAS, fatty acid synthase; FBG, fasting blood
glucose; GLUT4, glucose transporter 4; GSH, reduced
glutathione; HbAle, glycated hemoglobin; HDL,
high-density lipoprotein; HFD, high-fat diet; HOMA-
IR, homeostatic model assessment of insulin resis-
tance; IL-6, interleukin-6; ITT, insulin tolerance test;
MCP-1, monocyte chemoattractant protein-1; MDA,
malondialdehyde; Nrf2, nuclear factor erythroid 2-re-
lated factor 2; OGTT, oral glucose tolerance test;
PAI-1, plasminogen activator inhibitor-1; PI3K,
phosphoinositide 3-kinase; PPARYy, peroxisome pro-
liferator-activated receptor gamma; ROS, reactive
oxygen species; SREBP-1c¢, sterol regulatory element-
binding protein 1c; TNF-a, tumor necrosis factor-al-
pha.

REFERENCES

1. Joao M. N. Duarte. Translational validity of rodent
diet-induced obesity models for cognitive impair-
ment in human metabolic disease.. 2026.
doi:10.1590/0001-3765202620251174.

2. S. A. Zanin, E. Chabanets, E. E. Esaulenko, P. P.
Polyakov, A. A. Linchevsky. Rodent models of

diet-induced obesity and sedentary lifestyle]..
2026. doi:10.33029/0042-8833-2026-95-1-6-17.

3. J. Wilczak, A. Prostek, Piotr Karpinski, Karolina
Ciesielska, Zaneta Dziegelewska-Sokolowska,
Matgorzata Gajewska. Fish Oil Alters the
Metabolome, Antioxidative Potential, and Secre-
tory Profile of Visceral Adipose Tissue in Mice
with High-Fat Diet-Induced Obesity Compared
with Other Dietary Fat Sources. 2026.
doi:10.3390/molecules31050849.

4. 1. Mari¢, Jean-Philippe Krieger, P. A. van der
Velden, Stina Borchers, Mohammed H. Asker, M.

Sex and Species Differences in the Development
of Diet-Induced Obesity and Metabolic Distur-
bances in Rodents. 2022. doi:10.3389/
fnut.2022.828522.

P b

{ﬁ“{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

"

5.

11.

12.

13.

S. Leigh, M. Kendig, M. Morris. Palatable West-
ern-style Cafeteria Diet as a Reliable Method for
Modeling Diet-induced Obesity in Rodents.. 2019.
doi:10.3791/60262.

M. R. Fernandes, N. Lima, K. S. Rezende, Isabela
Caroline Marques Santos, I. S. Silva, R. A.
Guimaraes. Animal models of obesity in rodents.
An integrative review.. 2016. doi:10.1590/S0102-
865020160120000010.

Tiago Campos Rosini, Adelino Sanchez Ramos
Silva, C. Moraes. Diet-induced obesity: rodent
model for the study of obesity-related disorders..
2012. doi:10.1016/52255-4823 (12)70211-4.

J. Hill, D. Lin, F. Yakubu, J. Peters. Development
of dietary obesity in rats: influence of amount and
composition of dietary fat.. 1992. Available from:
https://www.semanticscholar.org/paper/6589699
75t042e91a792086456135¢12ab60cba2.

Yanzhi Zheng, Yan Wan, Shang-Cheng Zhou.
Metabolic and microbiota mechanisms in high-fat
diet-induced obesity: insights from global re-
search trends with clinical relevance. 2026.

do0i:10.1097/js9.0000000000004597.

H. Sadie-Van Gijsen, L. Kotzé-Horstmann. Rat
models of diet-induced obesity and metabolic
dysregulation: Current trends, shortcomings and
considerations for future research.. 2023.
doi:10.1016/j.0rcp.2023.09.010.

Kailin A. Johnsson, Ben Doan, Kynzie West,
Jonathan Sayegh, Rawaan Khatib, Richard T.
Herman. Reproducibility of a High Fat Diet In-
duced Weight Gain Over Independent Years.
2022. doi:10.1096/fasebj.2022.36.51.0r875.

Julia Skibniewska, Symmarana Desai, Lucy
Casell-Kelley, Jessica N. Maung, Abhimanyu
Sastry, Janie McMillin, Heather Day, K. Singer,
M. Varghese. Sex specific pattern of adipose ex-
pansion, inflammation and dysfunction with short
term high fat diet exposure. 2026. doi:10.3389/
fendo.2026.1814026.

Author information not supplied. Preparation of
High Fat Diets and their Impact on the Develop-
ment of  Obesity, Hyperlipidemia and

1541 | Page



14.

15.

16.

17.

18.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

Hyperglycemia in  Albino Rats.  2025.

doi:10.52783/jchr.v15.15.9891.

Karolina Ciesielska, J. Wilczak, A. Prostek, Piotr
Karpinski, R. Sapierzynski, A. Majewska, Zaneta
Dziggelewska-Sokolowska, Malgorzata Gajew-
ska. Fish Oil Present in High-Fat Diet, Unlike
Other Fats, Attenuates Oxidative Stress and Acti-
vates Autophagy in Murine Adipose Tissue. 2025.
doi:10.3390/nu17233776.

C. Gauze-Gnagne, Ezechiel Yebouet, Angeline
Angbo, Philippe Kambou, Massara Cisse-Camara,
Ferdinand Djohan, A. Monde, Charles Coudray,
E. Badia, Fabrice Raynaud, Jean-Paul Cristol.
Comparative Study of Hepatic Fatty Acid Com-
position and Lipid Profile in Rats Fed Diets Rich
in Palm Oil, Olive Oil, and Lard. 2025.
doi:10.11648/j.ijnfs.20251406.18.

Britta Kunkemoeller, Hannah Prendeville, C.
Mclntyre, Ayantu Temesgen, Roisin M Loftus,
Cong-Hui Yao, Lydia Dyck, Linda V. Sinclair, C.
Rollings, A. Douglas, G. Pernes, K. Mitchelson,
Cathal Harmon, Mathilde Raverdeau, Ross W.
Ward, Harry Kane, J. Kline, Katie O'Brien, Martin
Brennan, F. Smith, Brenneth Stevens, Helen M.
Roche, E. Lavelle, David K. Finlay, D. A.
Cantrell, Edward T. Chouchani, S. Kaech, E.
Mills, Marcia Haigis, Lydia Lynch. The source of
dietary fat influences anti-tumour immunity in
obese mice. 2025. doi:10.1038/s42255-025-
01330-w.

Marcus J. Tol, Yuta Shimanaka, Alexander H.
Bedard, Jennifer Sapia, Liujuan Cui, Mariana
Colago-Gaspar, Peter Hofer, Alessandra Ferrari,
Kevin Qian, J. Kennelly, Stephen D. Lee, Yajing
Gao, Xu Xiao, Jie Gao, Julia J. Mack, Thomas
Weston, Kevin J. Williams, B. Su, Calvin Pan, A.
Lusis, Daniel P. Pike, A. Reed, Natalia Milose-
vich, Benjamin F. Cravatt, Makoto Arita, Stephen
G. Young, David A. Ford, R. Zechner, Stefano
Vanni, Peter Tontonoz. Dietary control of periph-
eral adipose storage capacity through membrane
lipid remodelling. 2025. doi:10.1038/s42255-025-
01320-y.

Lin Gao, Sumei Hu, Dengbao Yang, Lu Wang, J.
Togo, Yingga Wu, Baoguo Li, Min Li, Guanlin

P b

N

"

¥

‘\;‘”’ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

19.

20.

21.

22.

23.

24.

Wang, Xueying Zhang, Li Li, Yanchao Xu, M.
Mazidi, Elspeth Couper, Andrew Whittington-
Davies, Chaoqun Niu, John R. Speakman. The
hedonic overdrive model best explains high-fat
diet-induced obesity in C57BL/6 mice. 2024.
doi:10.1002/0by.23991.

Shaima Albeloushi, Amal Hasan, H. Arefanian,
Sardar Sindhu, Fatema Al-Rashed, S. Kochumon,
N. Abukhalaf, Texy Jacob, S. Shenouda, A. Al
Madhoun, F. Al-Mulla, Rasheed Ahmad. Differ-
ential effects of fish-oil and cocoa-butter based
high-fat/high-sucrose diets on endocrine pancreas
morphology and function in mice. 2024.
doi:10.3389/fendo.2024.1265799.

A. Wypych, A. Dunistawska, M. Grabowska, K.
Michatek, M. Ozgo, K. Liput, A. Herosimczyk, E.
Potawska, M. Pierzchata, A. Lepczynski. Effects
of three-month feeding high-fat diets with differ-
ent fatty acid composition on kidney histology and
expression of genes related to cellular stress and
water-electrolyte homeostasis in mice. 2023.
doi:10.22358/jafs/163179/2023.

L. Kotzé-Horstmann, Annibale Cois, Rabia John-
son, L. Mabasa, Samukelisiwe C. Shabalala, P. V.
van Jaarsveld, H. Sadie-Van Gijsen. Characteri-
zation and Comparison of the Divergent Meta-
bolic Consequences of High-Sugar and High-Fat
Diets in Male Wistar Rats. 2022. doi:10.3389/
fphys.2022.904366.

Francesco Suriano, S. Vieira-Silva, G. Falony,
Alice de Wouters d’Oplinter, P. Paone, N.
Delzenne, A. Everard, J. Raes, M. Van Hul,
Patrice D Cani. Fat and not sugar as the deter-
mining factor for gut microbiota changes, obesity
and related metabolic disorders in mice.. 2022.
doi:10.1152/ajpendo.00141.2022.

Y. Buyukdere, A. Gulec, A. Akyol. Cafeteria diet
increased adiposity in comparison to high fat diet
in young male rats. 2019. doi:10.7717/peerj.6656.

C. Marques, M. Meireles, Sonia Norberto, J. Leite,
Joana Freitas, D. Pestana, A. Faria, C. Calhau.
High-fat diet-induced obesity Rat model: a com-
parison between Wistar and Sprague-Dawley Rat.
2016. doi:10.1080/21623945.2015.1061723.

1542 |Page



25.

26.

27.

28.

29.

30.

31.

32.

33.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

R. Kubant, Abraham N. Poon, Diana Sanchez
-Hernandez, Anthony F. Domenichiello, P. Huot,
E. Pannia, Clara E Cho, Sascha Hunschede, R.
Bazinet, G. Anderson. A Comparison of Effects of
Lard and Hydrogenated Vegetable Shortening on
the Development of High-Fat Diet-Induced Obe-
sity in Rats. 2016. doi:10.1096/fasebj.30.1 sup-
plement.915.15.

R. Kubant, Abraham N. Poon, Diana Sanchez
-Hernandez, Anthony F. Domenichiello, P. Huot,
E. Pannia, Clara E Cho, Sascha Hunschede, R.
Bazinet, G. Anderson. A comparison of effects of
lard and hydrogenated vegetable shortening on the
development of high-fat diet-induced obesity in
rats. 2015. doi:10.1038/nutd.2015.40.

Pooja Sharma. In-house validation of high fat diet
induced obesity models. 2013. Available from:
https://www.semanticscholar.org/paper/1ada2493
5a2b05ce99ede1c2070b044817d23061.

B. Sampey, A. M. Vanhoose, Helena M. Winfield,
A. Freemerman, M. Muehlbauer, P. Fueger, C.

Newgard, L. Makowski. Cafeteria Diet Is a Robust
Model of Human Metabolic Syndrome With Liver
and Adipose Inflammation: Comparison to High-

Fat Diet. 2011. doi:10.1038/0by.2011.18.

Stephan J Guyenet. High-fat Diets: Details Matter.
2009. doi:10.1038/0by.2009.48.

C. Warden, J. Fisler. Comparisons of diets used in
animal models of high-fat feeding.. 2008.
doi:10.1016/j.cmet.2008.03.014.

C. Rao, E. Zang, Bandaru S. Reddy. Effect of high
fat corn oil, olive oil and fish oil on phospholipid
fatty acid composition in male F344 rats. 1993.
doi:10.1007/BF02535943.

F. C. D. de Almeida. Coconut Oil, Soybean Oil,
Lard: Good or Bad? The link to Obesity. 2022.
doi:10.23880/doij-16000253.

Hee-Kyoung Son, B. Kim, Jisu Lee, S. Park, C.
Oh, Sunyoon Jung, Jennifer K. Lee, J. Ha. Partial
Replacement of Dietary Fat with Krill Oil or Co-
conut Oil Alleviates Dyslipidemia by Partly
Modulating Lipid Metabolism in Lipopolysac-
charide-Injected Rats on a High-Fat Diet. 2022.
doi:10.3390/ijerph19020843.

P b

N

"

‘\;’;ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

34.

35.

36.

37.

38.

40.

Yunxiao Gao, Yiwen Liu, Xue Han, Fang Zhou,
Jielong Guo, Weidong Huang, J. Zhan, Yilin You.
Coconut oil and medium-chain fatty acids attenu-
ate high-fat diet-induced obesity in mice through
increased thermogenesis by activating brown adi-
pose tissue. 2022. doi:10.3389/fnut.2022.896021.

Kristine R. Polley, C. Paton, J. Cooper. Differen-
tial Effects of Unsaturated Dietary Fatty Acids
from a High Fat Diet on Metabolism. 2017.
doi:10.1096/fasebj.31.1 supplement.971.9.

E. Viggiano, M. Mollica, L. Lionetti, G. Cava-
liere, G. Trinchese, C. De Filippo, S. Chieffi,
Marcello Gaita, A. Barletta, B. De Luca, M.
Crispino, M. Monda. Effects of an High-Fat Diet
Enriched in Lard or in Fish Oil on the Hypothala-
mic Amp-Activated Protein Kinase and Inflam-
matory Mediators. 2016.
doi:10.3389/fncel.2016.00150.

J. PavliSova, K. Bardova, B. Stankova, E. Tvrz-
icka, J. Kopecky, M. Rossmeisl. Corn oil versus
lard: Metabolic effects of omega-3 fatty acids in
mice fed obesogenic diets with different fatty acid
composition.. 2016. doi:10.1016/
j-biochi.2015.07.001.

L. Lionetti, M. P. Mollica, R. Sica, Immacolata
Donizzetti, Giorgio Gifuni, A. Pignalosa, G. Cav-
aliere, R. Putti. Differential Effects of High-Fish
Oil and High-Lard Diets on Cells and Cytokines
Involved in the Inflammatory Process in Rat In-
sulin-Sensitive  Tissues. 2014. doi:10.3390/
jms15023040.

Atoosa Saidpour, S. Zahediasl, M. Kimiagar,
Mohamadreza Vafa, A. Ghasemi, A. Abadi, M.
Daneshpour, M. Zarkesh. Fish oil and olive oil can
modify insulin resistance and plasma desacyl-
ghrelin in rats. 2011. Available from:
https://www.semanticscholar.org/paper/33f24f69
04b62¢9982a811d8c8f523dfd067baa0.

Katherine Macé, Y. Shahkhalili, Olivier Aprikian,
S. Stan. Dietary fat and fat types as early determi-

nants of childhood obesity: a reappraisal. 2006.
doi:10.1038/sj.1j0.0803519.

. Y. Nakashima. Effect of Lard, Soybean Oil and

Fish Oil High-Fat Diet during Growth Period on

1543 |Page



42.

43.

44.

45.

46.

47.

48.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

Preferential Fat Intake in Adult Rats. 2006.

doi:10.11217/JJDF2004.10.73.

Carmen Rodriguez-Garcia, C. Sanchez-Quesada,
I.  Algarra, . Differential
munometabolic Effects of High-Fat Diets Con-
taining Coconut, Sunflower, and Extra Virgin
Olive Oils in Female Mice. 2022. doi:10.1002/
mnfr.202200082.

Nicole Aaron, Tarik Zahr, Ying He, Lexiang Yu,

Gaforio. Im-

Brent Mayfield, U. Pajvani, Li Qiang. Acetylation
of PPARY in macrophages promotes visceral fat
degeneration in obesity. 2022. doi:10.1093/
lifemeta/loac032.

E. Mottillo, Eric M. Desjardins, J. Crane, Brennan
K Smith, Alexander E. Green, S. Ducommun, T.
Henriksen, I. Rebalka, A. Razi, K. Sakamoto, C.
Schéele, B. Kemp, T. Hawke, J. Ortega, J.
Granneman, G. Steinberg. Lack of Adipocyte
AMPK Exacerbates Insulin Resistance and He-
patic Steatosis through Brown and Beige Adipose
Tissue Function. 2016. doi:10.1016/

j.cmet.2016.06.006.

Xiaohua Xu, Cuiqing Liu, Zhaobin Xu, Kevin
Tzan, Aixia Wang, S. Rajagopalan, Qinghua Sun.
Altered adipocyte progenitor population and adi-
pose-related gene profile in adipose tissue by
long-term  high-fat diet 2012.
doi:10.1016/5.1£5.2012.05.016.

K. Sun, P. Scherer. The PPARY-FGF1 axis: an
unexpected mediator of adipose tissue homeosta-
sis. 2012. doi:10.1038/cr.2012.94.

Julie R. Jones, C. Barrick, Kyoung-Ah Kim, J.
Lindner, B. Blondeau, Y. Fujimoto, M. Shiota, R.
Kesterson, B. Kahn, M. Magnuson. Deletion of
PPARgamma in adipose tissues of mice protects
against high fat diet-induced obesity and insulin
resistance.. 2005. Available from:
https://www.semanticscholar.org/paper/21fc6a83
418c4dfe862185311118cab7ef564b35.

Julie R. Jones, C. Barrick, Kyoung-Ah Kim, J.
Lindner, B. Blondeau, Y. Fujimoto, M. Shiota, R.
Kesterson, B. Kahn, M. Magnuson. Deletion of
PPARYy in adipose tissues of mice protects against
high fat diet-induced obesity and insulin resis-
tance. 2005. doi:10.1073/pnas.0306743102.

in  mice.

P b

N

"

¥

‘\;‘”’ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

49.

50.

51.

52.

53.

54.

55.

56.

S. Kiran, Ahmed Rakib, Geetha Boddu, U.
Singh. High-fat diet-induced
dysregulation in Th17/regulatory T cells promotes
inflammation through protein kinase A (PKA) and
PPAR-y pathways. 2022.
doi:10.4049/jimmunol.208.supp.105.03.

B. R. Maharjan, S. Mclennan, C. Yee, S. Twigg,
P. F. Williams. The Effect of a Sustained High-Fat
Diet on the Metabolism of White and Brown
Adipose Tissue and Its Impact on Insulin Resis-
tance: A Selected Time Point Cross-Sectional
Study. 2021. doi:10.3390/ijms222413639.

Kunal Sikder, S. Shukla, Neel J. Patel, Harpreet
Singh, K. Rafiq. High Fat Diet Upregulates Fatty
Acid Oxidation and Ketogenesis via Intervention
of PPAR- y. 2018. doi:10.1159/000492091.

S. Siitt, E. Cansby, Alexandra Paul, M. Amrutkar,
Esther Nufiez-Duran, N. Kulkarni, M. Stadhlman,
J. Borén, J. Laurencikiene, B. Howell, S. Ener-
biack, M. Mahlapuu. STK25 regulates oxidative
capacity and metabolic efficiency in adipose tis-
sue.. 2018. doi:10.1530/JOE-18-0182.

J. Huh, Inji Jung, Lingjuan Piao, H. Ha, M. Chung.
8-Hydroxy-2-deoxyguanosine ameliorates high-

fat diet-induced insulin resistance and adipocyte

dysfunction in 2017. doi:10.1016/

j.bbre.2017.07.132.

T. L. Bargut, V. Souza-Mello, C. Mandarim-de-
Lacerda, M. Aguila. Fish oil diet modulates epi-
didymal and inguinal adipocyte metabolism in
mice.. 2016. doi:10.1039/¢5f000909;.

R. MacPherson, Daniel Gamu, Scott Frendo-
Cumbo, Laura N. Castellani, Frenk Kwon, A. R.
Tupling, David C. Wright. Sarcolipin knockout
mice fed a high-fat diet exhibit altered indices of
adipose tissue inflammation and remodeling.
2016. doi:10.1002/0by.21521.

Cuiqing Liu, Guohua Lin, Guoqing Zhang,
Huanhuan Wang, Hongping Yin, Liping Yu,
Qinghua Sun, Lixian Sun. Abstract 693: TLR3
Modulates Inflammation and Lipolysis in Visceral
Adipose Tissue in High Fat Diet-fed Mice. 2015.
Available from:
https://www.semanticscholar.org/paper/1a66¢df6
60859a5010e25be247462bdab62b5f1a.

Immune

mice..

1544 |Page



57.

58.

59.

60.

61.

62.

63.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

Xiaoke Wang, Mengjie Cheng, M. Zhao, Aiguo
Ge, Fangfang Guo, Min Zhang, Yanhong Yang,
Liegang Liu, N. Yang. Differential effects of high-
fat-diet rich in lard oil or soybean oil on osteo-
pontin expression and inflammation of adipose
tissue in diet-induced obese rats. 2013.
doi:10.1007/s00394-012-0428-z.

M. Estrany, A. Proenza, M. Gianotti, 1. Lladé.
High-fat diet feeding induces sex-dependent
changes in inflammatory and insulin sensitivity
profiles of rat adipose tissue. 2013. doi:10.1002/
cbf.2927.

Yanhua Peng, Drew A. Rideout, S. Rakita, James
Z. Lee, M. Murr. Diet-induced obesity associated
with steatosis, oxidative stress, and inflammation
in liver.. 2012. doi:10.1016/j.soard.2011.07.019.

T. Kujiraoka, K. Kagami, Toyokazu Kimura, Y.
Ishinoda, Yasunaga Shiraishi, Y. Ido, S. Endo, Y.
Satoh, Takeshi Adachi. Metabolic Remodeling
with Hepatosteatosis Induced Vascular Oxidative
Stress in Hepatic ERK2 Deficiency Mice with
High Fat Diets. 2022. doi:10.3390/ijms23158521.

D. Avtanski, Valentin A. Pavlov, K. Tracey, L.
Poretsky. Characterization of inflammation and
insulin resistance in high-fat diet-induced male
C57BL/6J mouse model of obesity. 2019.
doi:10.1002/ame2.12084.

G. Cavaliere, E. Viggiano, G. Trinchese, C. De
Filippo, A. Messina, V. Monda, A. Valenzano, R.
Cincione, C. Zammit, F. Cimmino, A. Catapano,
F. Sessa, G. Messina, M. Monda, M. Crispino, M.
Mollica. Long Feeding High-Fat Diet Induces
Hypothalamic Oxidative Stress and Inflammation,
and Prolonged Hypothalamic AMPK Activation
in Rat Animal Model. 2018. doi:10.3389/
fphys.2018.00818.

Naoto Matsuzawa-Nagata, T. Takamura, H. Ando,
Seiji Nakamura, Seiichiro Kurita, H. Misu, Tsug-
uhito Ota, Masayoshi Yokoyama, M. Honda, K.
Miyamoto, S. Kaneko. Title Increased oxidative
stress precedes the onset of high-fat diet-in-
ducedinsulin resistance and obesity. 2017. Avail-
able from:
https://www.semanticscholar.org/paper/56¢15402
daa8716b5e4a8617529708862c8eea76.

P b

N

=

‘\;’;ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

= 4

64.

65.

66.

67.

68.

69.

70.

71.

A. Mai. Oxidative stress in high fat diet-induced
metabolic syndrome, hypertension and endothelial
dysfunction. 2017. Available
https://www.semanticscholar.org/paper/8189bded
14b91076ad0c8657ddee6t7fal f36df2.

Naoto Matsuzawa Nagata, T. Takamura, H. Ando,
Seiji Nakamura, Seiichiro Kurita, H. Misu, Tsug-
uhito Ota, Masayoshi Yokoyama, M. Honda, K.
Miyamoto, S. Kaneko. Increased oxidative stress

from:

precedes the onset of high-fat diet-induced insulin
resistance and obesity.. 2008. doi:10.1016/
j.metabol.2008.03.010.

P. H. Reis-Barbosa, T. Marinho, C. Matsuura, M.
Aguila, J. D. de Carvalho, C. Mandarim-de-Lac-
erda. The obesity and nonalcoholic fatty liver
disease mouse model revisited: Liver oxidative
stress, hepatocyte apoptosis, and proliferation..
2022. doi:10.1016/j.acthis.2022.151937.

Hechun Liu, Hangju Zhu, H. Xia, Xian Yang,
Ligang Yang, Shaokang Wang, Jingyuan Wen,
Guiju Sun. Different effects of high-fat diets rich
in different oils on lipids metabolism, oxidative
stress and gut microbiota.. 2021. doi:10.1016/j.-
foodres.2020.110078.

Lewin Small, A. Brandon, N. Turner, G. Cooney.
Modeling insulin resistance in rodents by alter-
ations in diet: what have high-fat and high-calorie
diets revealed?. 2018. doi:10.1152/
ajpendo.00337.2017.

Y. Okuno, A. Fukuhara, E. Hashimoto, Hironori
Kobayashi, Sachiko Kobayashi, M. Otsuki, I.
Shimomura. Oxidative Stress Inhibits Healthy
Adipose Expansion Through Suppression of
SREBF1-Mediated Lipogenic Pathway. 2018.
doi:10.2337/db17-1032.

D. Lackey, Raul G Lazaro, Pingping Li, Andrew
Johnson, Angelina Hernandez-Carretero, Natalie
Weber, 1. Vorobyova, Hidekazu Tsukomoto, O.
Osborn. The role of dietary fat in obesity-induced
insulin resistance.. 2016. doi:10.1152/

ajpendo.00323.2016.

Kyle J. Mamounis, T. Roepke. Obesity and Hy-
pothalamic Inflammation from High Fat Diets of
Different Fatty Acid Profile. 2015. doi:10.1096/
fasebj.29.1 supplement.746.2.

1545 | Page



72.

73.

74.

75.

76.

77.

78.

79.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

O. Finucane, C. Lyons, A. Murphy, C. Reynolds,
R. Klinger, Niamh P Healy, A. Cooke, Rebecca C.
Coll, Liam McAllan, K. Nilaweera, M. O'Reilly,
A. Tierney, Melissa J. Morine, J. Alcala-Diaz, J.
Lopez-Miranda, D. O’Connor, L. O’Neill, F.
McGillicuddy, H. Roche. Monounsaturated Fatty
Acid—Enriched High-Fat Diets Impede Adipose
NLRP3 Inflammasome—Mediated IL-1f Secretion
and Insulin Resistance Despite Obesity. 2015.
doi:10.2337/db14-1098.

Y. Liu, R. Palanivel, Esther Rai, Min Park, Timo-
thy V. Gabor, M. Scheid, A. Xu, G. Sweeney.
Adiponectin Stimulates Autophagy and Reduces
Oxidative Stress to Enhance Insulin Sensitivity
During High-Fat Diet Feeding in Mice. 2014.
doi:10.2337/db14-0267.

B. Benoit, P. Plaisancié, Manar Awada, A.
Géloén, M. Estienne, F. Capel, C. Malpuech-
Brugere, C. Debard, S. Pesenti, B. Morio, H. Vi-
dal, J. Rieusset, M. Michalski. High-fat diet action
on adiposity, inflammation, and insulin sensitivity
depends on the control low-fat diet.. 2013.
doi:10.1016/j.nutres.2013.07.017.

A. Petro, Julian R. Cotter, D. Cooper, J. Peters,
Sarah J Surwit, R. Surwit. Fat, carbohydrate, and
calories in the development of diabetes and obe-
sity in the C57BL/6J mouse.. 2004. doi:10.1016/
JMETABOL.2003.11.018.

Shakthi R K Devan, Surendar Arumugam, G.
Shankar, Suresh Poosala. Differential sensitivity
of chronic high-fat-diet-induced obesity in
Sprague-Dawley rats. 2018. doi:10.1515/
jbcpp-2017-0030.

Jessica P. Flowers, Mandy Horn. Female Wistar
Han® Outbred Rats as a Model of Obesity When
Fed High Fat Diets. 2017. doi:10.1096/
fasebj.31.1 supplement.797.6.

Y. Kimura, Atsushi Yamada, Yoko Takabayashi,
Tsunehiko Tsubota, H. Kasuga. Development of a
new diet-induced obesity (DIO) model using
Wistar lean rats. 2017. doi:10.1538/expanim.17-
0079.

Y. Hashimoto, Kazuyo Yamada, H. Tsushima, D.
Miyazawa, M. Mori, K. Nishio, T. Ohkubo, H.
Hibino, N. Ohara, H. Okuyama. Three Dissimilar

P b

N

=

‘\;’;ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

= 4

80.

81.

82.

83.

84.

85.

86.

87.

High Fat Diets Differentially Regulate Lipid and
Glucose Metabolism in  Obesity-Resistant
Slc:Wistar/ST Rats. 2013. doi:10.1007/s11745-
013-3805-3.

J. Flowers, Barbara D Mickelson. C57BL/6NHsd
male mice started on high-fat diets at three, six, or
nine weeks of age attain similar obesity pheno-
types. 2010. doi:10.1096/fasebj.24.1_supple-
ment.554.6.

L. O. Pereira, A. Lancha. High-Fat Diet Based on
Brazilian Diet Profile Induces Obesity and Hy-
perglycemia in Wistar Rats.: 1958. 20009.
doi:10.1249/01.mss.0000355123.56105.35.

U. Hoffler, K. Hobbie, R. Wilson, Re Bai, A.
Rahman, D. Malarkey, G. Travlos, B. Ghanayem.
Diet-Induced Obesity in mice is associated with
hyperinsulinemia, hepatic steatosis, and glomeru-
lopathy in C57B1/6] mice. 2009. doi:10.1007/
$12020-009-9224-9.

Carla Taylor, Diana L Tallman, Amy D Noto.
Both low and high fat diets inconsistently induce
obesity in C57BL/6J mice and obesity compro-
mises adipose n-3 fatty acid and zinc status. 2008.
doi:10.1096/fasebj.22.1 supplement.295.7.

Jun-Won Yun, Byoung-Seok Lee, Chae-Wook
Kim, Bae-Hwan Kim. Comparison with 3 High-
Fat Diet for Studying Obesity in C57BL/6 Mouse.
2007. Available
https://www.semanticscholar.org/paper/f85996e5
231f8366b12604f4aeca266572cbef03.

Chung-Ting Han, Sang-Ho Lee, S. Lim, H. Kong,
Soohyeon Kim, Sang-kyun Lee, Jaejin Chang.
Studies on Production of High Fat Diet Induced
Obesity C57BL/6NCrjBgi Mice. 2006. Available
from:
https://www.semanticscholar.org/paper/cddd1fd7
c3a6tbf81e81fa477{f25d25219db356.

T. Akiyama, I. Tachibana, H. Shirohara, N.
Watanabe, M. Otsuki. High-fat hypercaloric diet
induces obesity, glucose intolerance and hyper-
lipidemia in normal adult male Wistar rat.. 1996.

doi:10.1016/0168-8227 (96)01205-3.

Huawei Zeng, Bryan D. Safratowich, W. Cheng,
Michael R. Bukowski. Identification of oncogenic

from:

1546 | Page



88.

89.

90.

91.

92.

93.

94.

Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

signatures in the inflammatory colon of C57BL/6
mice fed a high fat diet.. 2022. doi:10.1016/
j.jnutbio.2022.109188.

A. Rocha-Gomes, J. Silva, T. Morais, A.R.O.
Ferreira, V. Costa, Amanda Escobar Teixeira, M.
R. Lessa, A. A. Silva, N. V. Dessimoni-Pinto, T.
R. Riul. High-fat diets are detrimental of the lipid
profile, glucose metabolism and body composition
of Wistar rats: the role of fatty acid type and con-
sumption duration. 2020. doi:10.1108/NFS-07-
2020-0282.

J. Wooten, Tayler N. Nick, Andrew Seija, Kaylee
E. Poole, Kelsey B. Stout. High-Fructose Intake
Impairs the Hepatic Hypolipidemic Effects of a
High-Fat Fish-Oil Diet in C57BL/6 Mice.. 2016.
doi:10.1016/j.jceh.2016.09.001.

M. Catta-Preta, M. Martins, Tatiana Marlowe
Cunha Brunini, A. Mendes-Ribeiro, C. Man-
darim-de-Lacerda, M. Aguila. Modulation of cy-
tokines, resistin, and distribution of adipose tissue
in C57BL/6 mice by different high-fat diets..
2012. doi:10.1016/j.nut.2011.05.011.

L. Jun, R. Fehn. High-fat diet induced insulin
resistance is more robust and reliable in Wistar
than Spraque-Dawley rats. 2006. doi:10.1096/
fasebj.20.4.A447-d.

L. Ghibaudi, J. Cook, C. Farley, M. van Heek, J.
Hwa. Fat intake affects adiposity, comorbidity
factors, and energy metabolism of sprague-dawley
rats.. 2002. doi:10.1038/0BY.2002.130.

Majken Siersbaek, N. Ditzel, E. Hejbel, Stine M
Praestholm, Lasse K. Markussen, Fabio Avolio,
Lingzi Li, Lasse Lehtonen, A. K. Hansen, H.
Schreder, L. Krych, S. Mandrup, L. Langhorn, P.
Bollen, Lars Grentved. C57BL/6] substrain dif-
ferences in response to high-fat diet intervention.
2020. do0i:10.1038/s41598-020-70765-w.

Alexis M Bachmann, Jean-David Morel, Gaby El
Alam, Sandra Rodriguez-Lopez, Tanes Imamura
de Lima, Ludger J. E. Goeminne, Giorgia Bene-
giamo, Maroun Bou Sleiman, J. Auwerx. Genetic,
metabolic, and molecular insights into the diverse
outcomes of diet-induced obesity in mice. 2021.
doi:10.1101/2021.09.02.458729.

P b

=

{ﬁ“{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

= 4

95.

97.

98.

99.

100.

101.

102.

103.

Alexis M Bachmann. Genetic, metabolic, and
molecular insights into the diverse outcomes of
diet-induced  obesity in  mouse. 2021.

doi:10.5075/EPFL-THESIS-8671.

. V. Bayrasheva, 1. Pchelin, A. Egorova, V.

Vasilkova, O. Kornyushin. EXPERIMENTAL

MODELS OF ALIMENTARY OBESITY IN
RATS. 2019. doi:10.32415/jscientia.2019.09-
10.02.

Sneha Sundaram, Michael R. Bukowski, W. Lie,
M. Picklo, Lin Yan. High-Fat Diets Containing
Different Amounts of n3 and n6 Polyunsaturated
Fatty Acids Modulate Inflammatory Cytokine
Production in Mice. 2016. doi:10.1007/s11745-
015-4093-x.

Yun-feng Zhou. Effect of diets with different fat
content on metabolic syndrome of rats and mice.
2012. Available from:
https://www.semanticscholar.org/paper/e7c46243
70bb5ec24e5627961cba2da7779bb200.

S. Ha, J. Kim, C. Chae. Role of AMP-activated
protein kinase and adiponectin during develop-
ment of hepatic steatosis in high-fat diet-induced
obesity in  rats.. 2011. doi:10.1016/
j.jepa.2010.11.011.

Dongyan Zhang, J. Christianson, Zhen-Xiang Liu,
Liqun Tian, C. Choi, S. Neschen, Jianying Dong,
P. A. Wood, G. Shulman. Resistance to High-fat
Diet-induced Obesity and Insulin Resistance in
Mice with Very Long-chain Acyl-CoA Dehydro-
genase  Deficiency.  2010.  doi:10.1016/
j.cmet.2010.03.012.

D. Cha, J. Han, D. Su, Yahua Zhang, Xuefeng Fan,
M. Breyer, Y. Guan. Peroxisome Proliferator-Ac-
tivated Receptor-Alpha Deficiency Protects Aged
Mice from Insulin Resistance Induced by High-
Fat Diet. 2007. doi:10.1159/000106485.

F. Pérez de Heredia, M. Garaulet, M. P. Portillo,
S. Zamora. Resistance to dietary obesity in rats
given different high-energy diets.. 2006.
doi:10.1024/0300-9831.76.5.271.

Shinji Ikemoto, Mayumi Takahashi, Nobuyo
Tsunoda, K. Maruyama, Hiroshige Itakura, Os-
amu Ezaki. High-fat diet-induced hyperglycemia

1547 |Page



Dr. Koppala R. V. S. Chaitanya, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1527-1548 | Review

and obesity in mice: differential effects of dietary
oils.. 1996. doi:10.1016/S0026-0495 (96)90185-7.

104.D. Khan, A. Sridhar, P. Flatt, R. Moffett. Dis-
turbed ovarian morphology, oestrous cycling and
fertility of high fat fed rats are linked to alterations
of incretin receptor expression.. 2023.
doi:10.1016/j.repbio.2023.100784.

HOW TO CITE: Hajera Begum, Dr. Koppala R. V. §.
Chaitanya, Bommu Vaishnavi, Mahadev Anitha, High-
Fat Diet-Induced Obesity in Rodents: Dietary Composi-
tion, Adipose Remodeling and Metabolic Dysfunction: A
Comprehensive Review, Int. J. of Pharm. Sci., 2026, Vol
4, Issue 11, 1527-1548.
https://doi.org/10.5281/zenodo.24034490

Q’Fgf:} INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES 1548 |Page

5

{



