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ABSTRACT

Diabetes is a metabolic condition, with Type 2 Diabetes (T2DM) being particularly complex. This review focuses
on induction of T2DM using the high-fat diet (HFD) and streptozotocin (STZ) in rodents. The combination of
HFD-STZ administration is a common method to induce T2DM in experimental animals. However, variations
exist in the type of food, duration of the HFD, and doses of STZ injections. This method simulates the
pathophysiology of human T2DM by initially inducing insulin resistance through extended high-fat diet exposure,
followed by partial destruction of pancreatic B-cells with a low dose of STZ. The HFD-STZ model effectively
mirrors the progressive nature of T2DM, marked by initial insulin resistance and subsequent B-cell dysfunction.
The review aims to evaluate the mechanisms, pathophysiology, and pharmacology of diabetes mellitus.

KEYWORDS: Type 2 diabetes (T2D), Metabolic syndrome, High fat diet (HFD), Streptozotocin,

Hyperinsulinemia, Hyperglycemia.

INTRODUCTION

Diabetes mellitus is a persistent metabolic condition
marked by elevated blood sugar levels. It represents a
type of metabolic disorder characterized by both insulin
deficiency and insulin resistance. This long-lasting
disease arises from the body's inability to effectively
process and control blood glucose, either due to
excessive insulin secretion by the pancreas or the failure
of insulin to manage blood glucose levels.™ Insulin, a
polypeptide hormone produced by the beta cells in the
islets of Langerhans within the pancreas, plays a crucial
role in regulating blood glucose levels, as well as in the

absorption and utilization of glucose.”) In individuals
with diabetes, a condition known as "insulin resistance"
occurs, where the body's cells do not respond adequately
to the hormone insulin. Insulin resistance is essentially a
reduction in the body's sensitivity to insulin's
biochemical effects and its ability to facilitate glucose
disposal. This results in an accumulation of glucose in the
bloodstream, eventually leading to type 2 diabetes.®
While there are several forms of diabetes, the three
primary types are type 1 diabetes, type 2 diabetes, and
gestational diabetes, which is induced by pregnancy.
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Fig. 1: Pathophysiological Differences and Complications of Type 1 and Type 2 Diabetes Mellitus.
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The HFD/STZ rat model mirrors several features of
human T2DM.

Hyperglycemia: This model shows increased fasting
blood glucose (FBG) and post-meal glucose levels.
Diabetes is typically characterized by FBG >126
mg/dl48 or HbAlc > 7%. Impaired glucose tolerance is
evident, with a notably higher area under the curve in
OGTT, and hyperglycemia can be severe.

Insulin Resistance and Insulin Levels: A primary
characteristic induced by the HFD is insulin resistance,
which is measured by elevated HOMA-IR. Fasting plasma
insulin levels may vary; they can remain unchanged,
initially rise (hyperinsulinemia) due to insulin resistance,
or decrease following STZ treatment. The drop in insulin
after STZ in HFD rats might align levels with normal
controls. The model is anticipated to progress from
insulin resistance to beta-cell dysfunction and possibly
hyperinsulinemia in later stages.

Dyslipidemia: Elevated triglycerides (TG) levels are
frequently observed. Total cholesterol (TC) and low-
density lipoprotein (LDL) levels may also rise, especially
in groups receiving HFD and modeling agents together.
Increased TG is considered a predictor for T2DM.

Weight and Body Composition: HFD feeding generally
results in weight gain. However, after STZ
administration, the weight gain in the HFD/STZ group
may be less than in controls, sometimes leading to
reductions in muscle mass and adipose tissue. Some
protocols may produce non-obese diabetic animals,
which could be more relevant to certain human
populations. A significant weight loss following STZ
injection is more indicative of type 1 diabetes.

Pancreatic Changes: Histopathological examination
reveals damage to pancreatic islets, such as irregular
borders and a reduced number of islets. Pancreatic islet
hypertrophy can occur with HFD feeding as beta cells try
to compensate for insulin resistance, followed by damage
after STZ. A decrease in insulin-positive cells is also
noted. Pancreatic necrosis can occur.

Liver Changes: Liver tissue may exhibit vacuolar
degeneration, fat accumulation, and hydropic
degeneration in hepatocytes. Liver inflammation might
also be present, and necrosis can occur. The liver index
may increase.

Other Metabolic Alterations: Increased water intake
(polydipsia), urine volume, and urine glucose are classic
signs of hyperglycemia seen in diabetic rats. Liver and
muscle glycogen content may decrease, and serum
glucagon levels might be lower. Reduced food intake and
body weight compared to controls can be observed after
STZ. Relative energy intake may rise in the HFD/STZ

group.
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Associated Complications: This model can be used to
study complications such as oxidative stress and
inflammation, gut microbiota dysbiosis, and bone
abnormalities like osteoporosis.

Development of HFD-fed and STZ-treated type 2
diabetic rats

T2DM models were formerly produced using a
combination of high-fat diet (HFD) and streptozotocin
(STZ) injection. However, there were differences in the
food type, duration of the HFD, and STZ injection doses.
The proportion of fat, the type of fat (such as lard or palm
oil), and the addition of other ingredients like sucrose or
cholesterol can all differ significantly from one high-fat
diet to the next. This may have an impact on other
metabolic indicators and the level of insulin resistance.
Rats may be given the HFD for a few weeks or for
several months prior to receiving a STZ injection. Insulin
resistance may become more noticeable with extended
HFD eating. There are significant variations in the
dosage of STZ used to cause partial beta-cell death. A
single low dose is used in certain investigations, while
several lower doses are used in others. Additionally, the
administration method (e.g., intraperitoneal, intravenous)
may vary. These differences in methodology can lead to
T2DM models with varying degrees of hyperglycemia,
insulin resistance, and beta-cell dysfunction, potentially
affecting the translatability of research findings.

Composition of High-Fat -Diet

Variations in the HFD's nutrient composition (fat
type/amount, presence of sugars) across studies
significantly alter weight gain, fat distribution (e.g.,
visceral vs. subcutaneous), and the metabolic profile
(glucose/lipid metabolism, inflammation, liver function)
in T2DM rat models. This lack of standardization
impacts the characteristics of the resulting diabetic
phenotype and the comparability of research findings.
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Table 1: Various Models of HFD-STZ of Past Literature.

. . STZ Frequency,
ISE) Reference /Source Eg%m} As;zam and Body ggzgg;nposmon and Dose and Route of | Outcome
administration
HFD composition 40% Fat
(F), 13% protein, 40% _
1. | Yang etal. [2000]“ Sprague- Dawley (SD). 8 carbohydrates, 7% vitamins. 1x 15 mg/kg, i. v .'IZ_EG__ g’_
WEEKS HFD Duration 8 weeks sre=1
before STZ
HFD composition 40% Fat
(F), 18% protein, 40% BG=1,1=t,
2. | Reed etal. [2000]"™ gwgggb Dawley (SD). carbohydrates 1 x 50 mg/kg,ip | TG=t
' g HFD duration: 2 weeks Classified as Early DS
before STZ
HFD composition 30% of
calories as fat (mostly FBG =
| zoosterol), 13% proteins, 50% . E
3. | Zhang et al. [2003]"™ \?V%?I?sue_ Dawley (SD), 8 carbohydrates 1x15mg/kg, i.v .'Iz.él__HS :
HFD duration: 2 C = 1. Classified as Late DS
months (8 weeks) before STZ ’
injection
HFD composition: FBG = 1
4 | 7h 7] Sprague- Dawley rats, 4 S4%Carbohydrates, : FSI=S§,
. ou et al. [2004] . 13%Proteins, 20%Fat, 1 x40 mg/kg, i. p 7 _
weeks, BW; 83-105g O pita: . TG=1,C=1
5%vitamins. HFD duration 4 Classified as Late DS
weeks before injection
ey (SD) E—H):D composition: 41% Fat FBG =1
g Sprague- Dawley (SD), 8 F),18% protein, . _ ’
5. | Wu et al. [2004]® eeks 41%carbohydrates HFD 1x30mg/kg, i.v :: - s.ifi Lo Late DS
duration 2 weeks before STZ assified as Late
HFD composition 60% BG =1,
] s | Sprague- Dawleyrats, cal_ories from fat and 70% ' Htialc 1,
. | Danda et al.[2005] BW:175-200 g animal fat. Fed for HFD 1 x35mg/kg, i.v c=1,
) duration 5 weeks before STZ TG =,
injection S11=84.3.
HFD composition: 58%
calories as fat, 25% protein, PGL = 1
17% carbohydrate. HFD PI=5S ’
Srinivasan et al. Sprague- Dawley Duration: Fed HFD ad : '
"1 [2005) (SD),BW:160-180 libitum for an initial period of | 1% 35 Mo/kg. ip gg =1
2 weeks. Classi_fiTe'd as Late DS
STZ injected after the initial 2
weeks of HFD
HFD composition: 40% G=1
fat,30% carbohydrate 20% =L ’
: 11] Sprague- Dawley rats, protein (as % of total ; _
8. | Sahinetal.20071™ | g\ 00 x50 kilocalories) 10% vitamins. | £ X 40 Ma/kg, i.p oo
. =1.
Fed for HFD duration 2 Classified as Late DS
weeks before STZ injection
HFD composition 47%
o wz | Sprague- Dawley Rats Carpohydrates, ST, 20% . FBG_: 181.7 - 60.1 mg/dL,
.| Islam et al. [2008] BW:120-140 g casein, 20%lard, 10% Other 1x40mg/kg, i.p FBI1 =61.8 -27.3 pmol/L,
’ components HFD duration 2 HbAL1C % =7.8.
weeks before STZ
HFD composition FBG =1,
. 22% Fat (F),48% FI=S,
10. [%3?ang etal. [2008] \év\;sFaer%atzsso carbohydrates,20% protein 2x30mg/kg, i.p TG =1,
- 0020l HFD duration: 4 weeks TC=1.
before STZ Classified as Late DS
. | HFD compc()siti)og0 BG =1
14 prague- Dawley rats, 15% Fat (FL),30% 7 N
11. | Gao et al [2008]™ BW-210-220 g carbohydrates. 1 x 25 mg/kg, i.p '(I;G_ ;T,

HFD duration: 4 weeks
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before STZ

HFD composition: HFD

o |2 5 Sprague- Dawley Rats consisted of 58% fat, 25.6% - FBE; =20,
. | Zou et al. [2009] BW: 220-250g carbohydrate, and 16.4% 1x25mg/kg; i.p Sl =86,
' protein HbAlc=7.
HFD duration: 8 weeks
HFD composition
10% Fat (FL), 66%
. 16] Sprague- Dawley Rats normal diet, 20% o FBG =1,
13. | Xing etal. [2009] BW:170-200 g carbohydrate, 1%vitamins 1x30mglkg; i.p ISI = L.
HFD duration: 6 weeks
before STZ
HFD composition FPG =1, FPI =1,
14. | Zhang et al. [2009]*? gi\)/?%% 2Doa8/v ley Rats 60% Fat (FL), duration 8 1 x 25 mg/kg, i.p FTG=1, PTC =1.
00200 0 weeks before STZ Classified as Early DS
HFD composition:
Wistar Rats 30% carbo_hydrates, _ BG > 11, HbAlC =8,
15. | Lu etal. [2010]" BW: 250-270 22% proteins, 12% 1x30mg/kg, i.p TG=14,C=20,HDL=
- e20-2 /g lipids, and 3% vitamins HFD 1.5,LDL = 0.2.
duration: 8 weeks
HFD composition:
Parveen et al 40% fat, 18% protein and 41%
16. [2010]2 Wistar rats BW:160-200g | carbohydrate, as a percentage | 1 x40 mg/kg, i.p HbAlc = 11.
of total kcal)
HFD duration: 2 weeks
HFD composition: 67%
Normal diet, 20%
Wistar Rats Carbohysrates like sucrose, _ PG=t,Pl=1,
17. | Guo et al. [2011]* BW: 140.180 10%Fat Lard, 1% Other 1x30mg/kg, i.p TG =1, TC =1, IRI =1,
’ ~1oMg components Classified as Early (T2D).
HFD duration 4 weeks before
STZ
HFD composition:
25% coconut oil, 2% BG =1, 1=1, APQ =1,
Sharma et al. [2011] cholesterol and 73% normal TG =1, HDL =L, LDL=1,
18. | 2y ' Wistar Rat, BW: 170-200 rat chow; provides 55% of the | 1x40mg/kg, i.p HOMA-IR =1,
animal’s energy as fat) HOMA-B=L.
HFD duration: 42 days (6 Classified as Early (T2D).
weeks)
HFD composition: Rats were
Albersen et al Sprague- Dawley Rats fed rat chow containing 2% BG>17,SI=1,
19. [2011]2 BW-12 weeks cholesterol and 10% lard 2x20mg/kg, i.p TG=1,TC=1,
) HFD duration: 2 weeks prior LDL=1,HDL = 1.
to STZ injections
HFD composition 41% Blood Glucose (BG) = 1.
Spraque- Dawlev Rats Carbohydrates, 18% Proteins, Not Available (NA) for
20. | Sietal. [2012]* BF\)N'QZOO yRats, 40 Fats 1 x 50 mg/kg, i.v | T2D stage classification due
’ g HFD duration 2 weeks before to lack of metabolic
STZ parameters
HFD composition: 67%
Normal diet 20 Carbohydrates PG =1, PI =1, TG =1
21. | Guoetal. [2012]% | Wistar (W), BW:140-180¢ | |IKeSucrose, 10%FatLard, 19 | 1 35 maneg in | TC =1, IRI=1,
Other components Classified as Early (T2D
HFD duration 4 weeks before
STZ
HFD composition: 22.5%
hydrogenated vegetable oil, . _
. Sprague- Dawley rats 22.5% milk powder, 51.5% Fast!ng GIUC(.)SE (FG_) =13,
22. Hussein et al. BW: 15-21 round soybean, 2% corn 1x35mgkg,i.v Fasting Insulin (F1) = 107,
[2012]%) g ybean, g/kg, TG=21,TC=52HD=
weeks starch, 1% sucrose, and

0.5% vitamins and minerals
HFD duration: 2 weeks

1.0, LDL = 3.7. NA (T2D).
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HFD composition Plasma Glucose (PG) = Higher
Hu et al. Male Wistar rats 26% carbohydrates, . (H) 1, Plasma Insulin (P1) = 1,
23| 12013]%8 10-12 weeks 15.29% proteins, 58% fat 1x30mg/kg, i | LopAdIR = 1.
HFD duration: 12weeks Classified as Early (T2D
HFD composition: HFD provided Fasting Blood Glucose (FBG)
. 58% of total calories from fat, 25% =1, SI = Same (S), HbAlc =1,
24. le?zgllrgja[% ® Ir\:tilez(ﬁolalgg g from protein, and 17% from 1x35mg/kg, i.p Triglycerides (TG) =t, LDL =1
' T carbohydrate , HDL = Lower (L). Classified
HFD duration: 2 weeks before STZ as Late (T2D
HFD composition 25% Fat-coconut FBG=1,PI=1,TG
. . . o e , ,
25. [ngrl]g;]['zls]a al. \év\;\?tiggatzslo g 2;: O(IE;L\%I 73% normal diet, 2% 1x40mg/kg, i.p :TTéJC =1. Classified as Early
HFD duration: 2 weeks before STZ ( )
HFD composition 20% sucrose, 10% _ _ _
Khan et al. Male Wistar rats | Lard, 2.5% Cholestrol, 1% Other : RNG =1, HPAlc =1 1=L
26. 1297 ) 1x35mg/kg, i.p HOMA-IR =1
[2013] BW:190- 210 g components Classified as Late (T2D)
HFD duration 2 weeks before STZ '
After 28 days of Type || DM
induction Blood glucose levels
Plasma insulin Serum lipid
profile, triglycerides (TG),
total-cholesterol (TC), low-
density lipoprotein cholesterol
(LDLC), high-density
Subhasree. N g‘gwlteiﬂ;g%i_ HFD composi_tion: 58% calories as 1 x 35 mglkg lipoprotein cholesterol
217. 1301 . fat, 25% protein, 17% carbohydrate. : ' (HDLC), and VLDL.
etal. (2015) either sex. . ip .
: Duration: 4 weeks Gluconeogenic enzyme
BW: 150-170g L
activities (glucose-6-
phosphatase and fructose-1,6-
bisphosphatase) in liver and
kidney tissues.
Histopathological changes in
pancreas, liver, and kidney
tissues
Glycemic control:
1Serum glucose, 1 serum
insulin, 1 HbAlc; 1 area under
the curve of serum glucose and
serum insulin in the
HFD composition: (carbohydrate: intraperitoneal (i.p.) glucose
28 Gheibi et al. Male Wistar rats 27.5%; protein: 14.7%; fat: 58.8%; 1x 25marka. i tolerance test; 1 area under the
" | [2017]®H BW: 190 -210g lipid source: butter) 9GP | curve of serum glucose in the
HFD duration: 14 days i.p. pyruvate tolerance test; 1
area under the curve of serum
glucose in the i.p. insulin
tolerance test. Lipid profile:
1 TG, 1 TC, 1 LDL-c, 1 HDL-
C.
Glycemic control:frandom
blood glucose over 90 days of
intervention; 1 area under the
serum glucose curve in the i.p.
HFD  composition glucose tolerance test after 30
29, Sohrabipour et | Male Wistar rats (carbohydrate: 17%; protein:  25%; 1x 25mglkg, ip and 90 days of intervention; 1

al [2018]%2

aged 4 weeks

fat: 58%; lipid source: (not disclosed)
HFD duration:28 days

area under the serum glucose
curve in the i.p. insulin
tolerance test after 30 and 90
days of intervention; | glucose
infusion rate necessary to
maintain normoglycemia

www.ejbps.com |

Vol 12, Issue 7, 2025. |

ISO 9001:2015 Certified Journal | 250




Beligari et al. European Journal of Biomedical and Pharmaceutical Sciences
during insulin infusion in the
euglycemic— hypersulinemic
clamp; | plasma insulin, 1
plasma glucagon
de Bem HFD composition: 1 x 35 mg/kg, i.p | Diabetic groups had Lipid
Grazielé Male Wistar rats (HF; 55% energy from lipids, 31% Administered profile: 1 TG, 1 TC, 1 LDL-c,
30. Ereitas. et al BW: 180— 200 from carbohydrate, 14% from after 3 weeks of | HDL-c,
(2018)[3:3] ' ' g protein; 5.2 kcal/g) for 3 weeks experimental diet | Glycemic control: 1 insulin, 1
before STZ and 12h fasting HOMA-IR
HFD Composition: 32% of total
energy from fat, 48% carbohydrate,
and 20% protein. Other components Glycemic control: tHDL-c,
Fallahneiad listed by weight include Rump oil THOMA-IR in the diabetic
31 | Habib etjal ' Male Wistar rats (25%), Sucrose (12%), Chickpea 1% 35 ma/ka. i subgroups. HFD/STZ-treated
' (2018)’ @ BW: 200gr flour (1%), Wheat flour (10%), 9/kg. 1p rats did not show evidence of
' Cholice acid (1%), and Cholesterol hyperlipidemia, possibly due to
(1%), mixed with Powdered NPD a pre- diabetic condition
(50%)
HFD duration: 2 weeks
Tserum glucose, 1 serum
insulin, 1 HOMA-IR,
HFD Composition: [HFSD] 20% Lipid profile: 1 TG, 1 TC, T
Zhuo, - - . LDL-c, | HDL-c. pathological
Male Wistar rats 8 | sucrose, 12% lard oil, 5% milk . . O
32. | Juncheng, et 1x35mg/kg, i.p | traitsof T2DM (dyslipidemia,
f3s] weeks, 180-220g | powder, 2% egg, 61% normal fodder. :
al. (2018). 9% hyperglycemia).
HFD Duration: 8 weeks .
Histopathology showed
inflammation in pancreas and
liver.
HFD+STZ rat model effectively
' " . (17%), and protein (25%). P y )
33. | xuan, et al. Wistar rats HED Duration: [or] resistance, moderate
[36] uration: 13 weeks (8 wks :
(2018) - 1 x 35mg/kg, hyperglycemia, and
HFD + STZ + 4 wks diet : . . .
ip Histopathological partial -cell
dysfunction
o . Glycemic control: ffasting
Tarighat- Male Wistar rats HF[_) co.m.posmon. (carb‘ohydr.ate. glucose; «
el 48%; protein:  20%; fat: 32%); . . .
34. | Esfanjani et lipid source: rump oil) for HED 1x 35mg/kg, i.p insulin; 1 HOMA-IR.
al. [2018]" BW: above 220g dﬁraﬁon_ 20 da E Lipid profile: < TG: <TC;
-ov day ©VLDL; -LDL-C,
HFD composition: consisting of 45% Glycemic control: 1Serum
35 Xiang, Jiamei, | Male Wistar rats fat, 35% carbohydrate, and 20% 1 %30 ma/ka. i GLU, THbAlc, and finsulin
" | etal. (2019)* | BW:200-220g protein for four- weeks prior to STZ. 9GP 1 Jevels. HOMA-IR index
HFD duration: 8 weeks increased, JQUICKI
Glycemic control: 1 fasting
blood glucose, 1 oral glucose
tolerance, 1 fasting 1 serum
Zhang, Male Wistar High-fat diet (60% fat, 20% 1x28 mg/kg, ip | insulin, 1 insulin resistance
- o . Administered index 1 lipid levels. Impaired
36. | Qinghua, etal. | rats, weighing protein, 20% carbohydrate) fter 12 weeks of | |
" (2019)°% 180-220 g HFD duration:12 weeks aiter 12weeks of | glucose tolerance.
) HFD Hyperinsulinemia. 1 HOMA-
IR, | HOMA-IS.
Lipid profile: 1 Serum TC, 1
TG levels Thepatic TG level
Glycemic control: 1FBG,
R THOMA-IR, 1OGTT AUC,
Cai, Huan, et male adult Wistar HFD Composition: 57.5% fat, . 1 x 35 mg/kg, 1TG, and 1LDL-C levels (P <
37. o] 26.9% carbohydrate, 15.6% protein :
al (2019) rats 250-280 g HED duration: 4 weeks iLp 0.05). |]HOMA-B
' and | HDL-C significantly (P <
0.05) in DCM rats. DCM rats
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showed polydipsia, polyuria,
and slow weight gain

HFD composition: 60% fat HFD

Rats showed Glycemic control:
hyperglycemia, decreased
FBI/C- partial B-cell

38. ;ué| S&%%?Hi] g/llglétss D 8 weeks Duration: HFD for 8 weeks before ilp X 25mg/kg, dysfunction peptide,
' STZ, Total 32 weeks HFD. ' Histopathological: pancreatic
islet destruction, decreased
HOMA-B.
HFD composition: (carbohydrate: Glycemic control: tfasting
. Male Wistar rats o o 0se fat AROLe Lini glucose, | serum insulin, 1
30. | APO-HAMIAEt | Bw:150-180g | 20 Protein: 0% bfat;ft‘ﬁf” lipid | 4, 35mgikg, ip | HOMACIR
al ] and aged ﬁgg%ucgt?o?:; gg da;/es allow) Histopathological: | hepatic
glycogen content
Glycemic control: tfasting
glucose, 1 serum insulin, |
QUICKI. LIPID
PROFILE: 1t TG, 1 TC, | HDL-
c.
. HFD composition (carbohydrate: . .
40 Ghiasi et al. gﬂ\ilﬁ %BS t:r: drats 48%; protein: 20%; fat: 22% (does not 1x 35ma/ka. i ;gﬂ?g:ﬁ function: | serum
" | [2019]* 2504 amount to 100%) g/kg. 1p :
g HFD duration; 28 days . L
Oxidative and antioxidant
markers:
tMDA, |SOD, |Gpx,
lpancreatic CAT.
Histopathological: | pancreatic
beta-cell density
Glycemic control: 1fasting
- . HFD composition (carbohydrate: glucose, 1 serum insulin, 1
41. g@ig'][ﬂ]al' gl\?\lﬁ ;/glostglr rats 48%; protein: 20%; fat: 32%;) 1x 35mg/kg, i.p HOMA-IR.
' HFD duration; 30 days Lipid profile: TG, TC, LDL-c,
and HDL-c
Glycemic control: Tbody
weight, tblood glucose,
Tplasma insulin, fHOMA-IR
index. THbA1C. Significant
~ HFD composition: High-Fat Diet . increase in Tplasma insulin and
M_agalhaes, Male Wistar rats (HFD) (58.0% energy from fat, in- 1 X 30 mg/kg, ip. THOMA-IR at week.
42. | Diego A. DE, . - Injected after 1- ; S
etal. (2019) 1 BW: 200-240g house mix). Fed for 1 week before week HED I-!lstopathologlcal. Liver _
STZ, HFD duration 4 weeks histology showed fat droplets in
hepatocytes (Non- alcoholic fatty
liver disease). Large glomerulus
size in kidney pathology (early
diabetic nephropathy).
(HFSDSTZ model induces
insulin resistance and partial
pancreatic B-cell dysfunction,
leading to elevated 1 blood
HFD composition: High Fat and glucose, 1 insulin, and 1 lipid
Stott, Nicole L., Male Wistar rats Sugar Diet (HFSD).20% sucrose, levels. It also disrupts insulin
43 and Joseph S. 12% lard oil, 5% milk powder, 2% 1x 35marka. i.m signaling pathways,
" | Marino. ) egyg, 61% normal fodder. gkg. 1. particularly in the liver and
(2020): BW: 180-2209 pancreas, while pro-

HFD duration: 8 weeks

inflammatory markers like 1
TNFa and 1 IL6.
Histopathological:
inflammation and structural
damage in pancreatic and
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hepatic
tissues
High-fat and glucose diet (HFD; 1x30mg/kg, i.p 'vllsgoesleOfTLiilgcm#%GT b%(():(ﬁo
Lv, Qiuyue, et Male Wistar rats 45% fat, 20% protein, 35% Administered g ' ’ ’ ’

al (2020)1*"

BW:200+ 20 g.

carbohydrate) for 4 weeks
HFD duration: 8 weeks

after 4 weeks of
HFD

1TNF-a, 11L-1B, 1IL-6, and
11L-8 levels compared to
controls. 1 LDL-c, 1 NEFA

45.

Lvetal
[2020]]

Male Wistar rats
BW:180 and
220g.

HFD composition (carbohydrate:
35%; protein: 20%,; fat: 45 %;)

HFD duration 28 days

1x 30mg/kg, i.p

Glycemic control: Tserum
glucose, T HbAlc, 1 serum
insulin, 1 HOMA-IR; 1 the area
under the serum glucose curve
in the i.p. glucose tolerance
test, 1 the area under the serum
glucose curve in the i.p. insulin
tolerance test.

Lipid profile: 1 TG, 1 TC, «
HDL-c, LDL-c, and non-
esterified fatty acids (NEFAS).
Histopathological: Altered
architecture of the hepatic
lobules; hepatocytes increased
their sizes and exhibited blurred
borders. Cytoplasm filled with fat
vacuoles of different sizes,
pushing the nucleus to the
periphery after 30, 60, and 90
min.

Lipid profile: 1 TG, 1 TC, 1
LDL-c, | HDL-c, 1 free fatty
acids (FFAS)

46.

Mangali et al
[2020])

Male Wistar rats
BW:180-220g

HFD composition (carbohydrate:
17%; protein: 25%; fat: 58%;
HFD duration 28 days

1x 35mg/kg, i.p

Glycemic control: 1blood
glucose; 1 serum glucose after
120 min in the i.p. glucose
tolerance test; 1 serum glucose
after 120 min in the i.p. insulin
tolerance test.

Lipid profile: 1 TG, 1 TC, 1
LDL-c, | HDL-c.

47.

Xu et al.
[2020]™%

Male Wistar rats
weighing between
180 and 220g

HFD composition (carbohydrate:
41%,; protein: 24%; fat: 24%; HFD
duration 28 days

1x 30mg/kg, i.p
dose)

Glycemic control: tfasting
glucose; 1 insulin; T HOMA-
IR; | insulin sensitivity index
(ISI); 1 HbAlc; | hepatic
glycogen; 1 area under the
serum glucose curve in the oral
glucose tolerance test; 1 % of
serum glucose in the i.p. insulin
tolerance test after 30, 60, and
90 min.

Lipid profile: 1 TG, 1 TC, 1
LDL-c, | HDL-c, 1 free fatty
acids (FFAs)

48.

Rezazadeh et
al [2021]H

Male and female
Wistar rats aged 4
weeks

HFD composition (carbohydrate:
17%; protein: 25%; fat: 58%; lipid
source: lard and cholesterol)

HFD duration 84 days

1x 35mg/kg, i.p

Glycemic control: Tglycemia
after confirmation of diabetes
and over 140 days of
intervention. T HbAlcat the
end of the intervention; 1 area
under the serum glucose curve
in the i.p. glucose tolerance test
at 28 days, 56 days, and 84 days
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after the intervention; | glucose
infusion rate required to
maintain normoglycemia
during insulin infusion in the
euglycemic— hypersulinemic
clamp at the end of the
intervention.

49.

Zelinskaya et
al. [2021]"

Male Wistar rats
aged 8 weeks

HFD composition (carbohydrate:
38%,; protein: 18%; fat:
22%; HFD duration 20 days

1x 20mg/kg, i.p

Glycemic control: tarea under
the serum glucose curve in the
oral glucose tolerance test

Bowonsomsarrit,

Male Wistar rats,

HFD Composition: 58.0% energy

HFD+STZ rat model induces
type 2 T2DM in rodents within
4 weeks. exhibits

L ) from fat (in-house mix of chow, 1 x 30 mg/kg, Glycemic control: 1 body
>0 \(/;/622) %g]al EX(\)/gri?]?s lard, casein) HFD Duration: 5 | ip weight, elevated 1 plasma
' weeks (1 wk pre + 4 wks post-STZ) insulin levels, 1 insulin
resistance, and 1 hepatic
steatosis.
The untreated diabetic rat
model demonstrated hallmark
- features of type 2 diabetes,
Kplefer, Male albino HFD Composition Fat (58%), . including sustained
Kilenma, - carbohydrates (17%), and protein . T
51. David Miaffo Wistar rats 200- (25%). 1x35mg/kg, i.p hyperglycemla, insulin _
(2021) 250g. HFD duration: 30 days resistance, B-cell dysfunction,
| dyslipidemia, organ
dysfunction, and oxidative
stress
At the end of the study (week
L 8), 1 serum glucose, Tserum
Ghasemi, Male Wistar rats :;'J;PcalcoﬂTpOSIm\)/Ziue;élsc)glgrkig?ll{rc?m }rﬁgﬁgzl{ %Méﬁé-igﬁlcm
52. Asgha[ést]at al. BW: 150-200g fat- 5_8.8%; Carbohydrate- 27.0%; 1x25mg/kg, i.p detected in di:albetic rats
(2023) protein 14.2%
HFD duration: 8 weeks compared t_o contro_ls. L°.Wef
GIIS from isolated islets in
diabetic rats.
HFD composition (carbohydrate: Glycemic control: tfasting
53 Ghasemi et al Male Wistar rats 2_7%; protein: 14,2%; fat: 58,8%; 1x 25ma/ka. i glucose; 1 insulin; | Islets GIIS;
" | [2023]% 190-210g. lipid source: sheep butter) 9@ 1P| Y HOMAL-IR, HOMA2-IR, |
HFD duration 14 days QUICKI
Male and female - . Glycemic control: 1fasting
. - HFD composition (carbohydrate: . .
Swain et al Wistar rats ] . AP . . glucose; | insulin; T HbAlc, 1
54. [2023]57 weighing between é7%,t_protia;_)n(.j 25%; fat: 58%; HFD 1x 40mg/kg, i.p HOMA-IR, | HOMA- B,
150 and 180 g. uration 1o aays QUICKI
Glycemic control:
HFD composition: (carbohydrate: Tfasting glucose after the high-
55 Khoramipour Male Wistar rats 20%; protein: 19%;  fat: 60%; 1x 35ma/ka. i fat diet and STZ injection, 1
" | etal [2023]® BW:189- 210g lipid source: lard and soybean oil) g/kg. 1p fasting glucose after the 56
HFD duration: 56 days days of intervention, | insulin;
1 HOMA-IR
Glycemic control: 1glycemia
over the 21 days of
intervention, | insulin; 1
Consumption of HFD (carbohydrate: HOMA-IR; 1 area under the
Vijay; Male Wistar rats 17%; protein: 25%; fat: 58%; lipid serum glucose curve in the oral
56. | Vellapandian source: lard) 1x 35mg/kg, i.p glucose tolerance test.

et al [2023]%

BW: 150 -200g.

HFD duration: 21 days

Lipid profile: 1 TG, 1 TC, 1
LDL-c, | HDL-c. LIVER
FUNCTION: 1 ALT, 1 AST, 1
ALP
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57.

Wickramasingh
eetal.
(2024)01

Male Wistar rats,
BW: 150 + 159

HFD composition: 60% calories
from fat (butter), fed for 4 weeks
before STZ

HFD duration 4 weeks after STZ

4 weeks after
STZ

1 x 30, 40, or 50
ma/kg, ip

Glycemic control: t1Body
weight.

tglucose intolerance. THOMA-
IR > 2.5 (insulin resistance).
THOMA-B < 50% (impaired -
cell function). 1TG, 1TC,
TVLDL-C, 1LDL-C
(dyslipidemia).
Histopathological changes:
loss of pancreatic islets, islet
hypertrophy, mild fatty change
in exocrine pancreas.
Prominent

hydropic degeneration in liver
hepatocytes

58.

Khosravi et al
[2024](Y

Male Wistar rats
BW:188 and 2129

HFD composition (carbohydrate:
20%,; protein: 20%; fat: 60%;

HFD duration 56 days

1x 35mg/kg, i.p

Glycemic control:

—fasting glucose before
induction, 1 fasting glucose
after induction and after
intervention; < insulin before
induction, 1 insulin after
induction and after
intervention; <« HOMA-IR
before induction, 1 HOMA- IR
after induction and after
intervention.

59.

A-Elgadir et
al [2024]%4

Male Wistar rats
BW: 200 and 210
gand aged 8-9
weeks

HFD composition (carbohydrate:
20%,; protein: 20%; fat: 60%; HFD
duration 91 days

1x 45mg/kg, i.p

Metabolic control:

|bodyweight.

Glycemic control: 1fasting
glucose; 1

insulin; T HOMA-IR.

Lipid profile: 1 TG, 1t TC, 1

LDL-c, | HDL-c.

HFD composition

Glycemic control: 7fasting

Gharaat; . . glucose; <> insulin; 1 HOMA-
60 Choobdari; Male Wistar rats (carb thfg(??.f%_%, 1x 45ma/ka. i IR in pre-intervention, at the
* | Sheykhlouvand | BW:170 and 190g | Protein: 10%;fat - . X AMAKG P | end of 42-day
[2024]% 55%; lipid source: animal fat oil) intervention, and after physical
HFD duration 28 days . '
exercise
Glycemic control: 1fasting
glucose; 1 insulin; 1T HbAlc, 1
HOMA-IR
Histopathological: Frontal
HFD composition cerebral cortex tissue—
61 Salem et al Male Wistar rats (carbohydrate: 17%; protein: 25%; 1x 35ma/ka. i disorganization of the layers,
" | [2024]®4 BW:150and 180g | fat: 58%; lipid source: lard) g/kg. 1p deformed neurons, the
HFD duration 14 day depletion of the cellular
elements, inflammatory cell
infiltration, and dilated
congested blood vessels, |
QUICKI
Glycemic control: 1fasting
glucose; 1 area under the curve
Female (170— HFD composition (carbohydrate: ?nftisgz:?tgrl]ig(l)?? Fl)n) tgle UCOSe
62. | Bagheripour 180g) and male 27.5%; protein: 14.5%; fat: 58%; 1x 30mg/kg, i.p tolerance test; 1 area under the

Wistar rats (190—
210 9)

lipid source: butter) for HFD
duration 91 days

curve of serum glucose in the
i.p. pyruvate tolerance test

immediately and after 28 days
or 56 days of the intervention.
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Lipid profile: 1 TG, 1 TC, 1
LDL-c, 1 HDL-c immediately
and after 28 days or 56 days of
the intervention
Gharaat HFD Composition: 55% of total fat
63 Mohamr,nad Male Wistar rats; | energy (derived from animal fat oil), 1% 40 ma/ka. i Diabetic rats exhibited fglucose
- | Mc | BW: 170-190g 10% protein, and 35% carbohydrate. 9KG. 1P| and 1 HOMA-IR
Ali, (2024) .
HFD duration: 4 weeks
Mahmoud, ition: 570 9
Lamiaa Male Wistar rats HFD. Composition: 57% fat, 25% . serum glucose, T HbAlc, 1
64. . protein, 17% carbohydrate. 1x35mg/kg, i.p o
Mohamed, et BW:150to 1609 HED duration: serum insulin, t HOMA-IR
€71 uration: 6 weeks
al. (2024)
The untreated diabetic rat
model effectively replicates key
Khosravi, Wistar male rats HFD Composition: 60% fat, 20% features of type 2 diabetes
65. | Pouria, et al. BW:200+10.25 : protein, and 20% carbohydrate. 1x35mg/kg, i.p mellitus (T2DM), including
(2024) .81 00290 HED duration: 8 weeks persistent hyperglycemia (FBG
>300 mg/dL), increased body
weight, and insulin resistance
Arifah, HFD Composition: (HFFD) 2 ml egg Glycemic contrql: Tfagtmg
Fitriana . yolk, 2 ml lard, and fructose (3.6 g/kg . glucose, | serum insulin,
66. Hayyu, et al Wistar rats BW), ' ' 1x35mg/kg, i.p THOMA-IR
(2025). HFD Duration: 3 weeks Histopathological: | hepatic
glycogen content
tbody weight, 1FBG,
HFD composition: 1x35mg/kg BW, | 1triglyceride, 1TyG index.
Fitriana Hayyu High-Fat High- i.p. Increased necrosis score in
67. | Arifah, et al. Wistar rats, Fructose Diet (HFFD) Injected after 2, pancreas, kidney, liver, heart. |
[2025]7 (2ml egg yolk, 2ml lard, fructose 3.6 | 4, or 6 weeks of number of insulin-positive
o/kg BW). HFFD. cells,
tinsulin-negative cells
tbody weight, 1FBG,
- HFD composition: High-Fat High- .1X35 mg/kg BW, ttriglyceride, 1TyG index.
Fitriana Hayyu : i.p. : A
. - Fructose Diet (HFFD) (2ml egg yolk, . Increased necrosis score in
67. | Arifah, etal. Wistar rats, 2 Injected after 2, . .
tro] ml lard, fructose 3.6 g/kg BW). pancreas, kidney, liver, heart. |
[2025] HED durati 4, or 6 weeks of A 2.
uration 3 weeks number of insulin-positive
HFFD. . . -
cells, tinsulin-negative cells
Glycemic control: 1 FBG,
tplasma insulin, and 1 HOMA-
IR. Lipid profile: 1 TG, 1 TC,
Raiiv Gandhi HFD composition: (55% energy 1t LDL-c, | HDL-c 1 SGOT,
68 Saghi abama et Male Wistar rats from fat, 31% from carbohydrates, 1% 40 ma/ka. | 1t SGPT, 1ALP, 1 urea,
' al (20y08)[71] BW: 180-200g 14% from proteins; 5.9 kcal/g) 9/kg. 1p and 1 creatinine.
Duration: 2 weeks prior to STZ Histopathological: Pancreatic
tissue showed degranulated B-
cells, widespread vacuolization,
disordered islet architecture.

ADVANTAGES AND DISADVANTAGES OF HFD-
STZ MODEL

1. Pathophysiological Relevance Advantages:

The HFD + STZ model effectively mirrors key aspects of
human T2DM by combining diet-induced insulin
resistance with partial B-cell dysfunction. This dual
approach closely resembles the progression of T2DM in
humans, where insulin resistance is often followed by f-
cell failure. The model exhibits metabolic disturbances
such as hyperglycemia, hyperinsulinemia, and
dyslipidemia,  aligning  with  human  disease
characteristics.

www.ejbpscom | Vol 12, Issue 7, 2025. |

Disadvantages

The B-cell damage induced by STZ is due to its cytotoxic
effects, differing from the gradual B- cell decline seen in
human T2DM, which is typically due to chronic
metabolic stress and inflammation. Additionally, if the
STZ dose is too high, it can lead to extensive (-cell
destruction, resembling type 1 diabetes rather than type
2.

2. Speed and Simplicity of Onset Advantages
This model allows for the rapid induction of diabetic
symptoms, typically within 2—4 weeks.
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Such a swift onset is beneficial for high-throughput drug
screening and short-term studies.

Disadvantages

The accelerated development of diabetes in this model
does not capture the prolonged prediabetic phase
observed in humans, potentially overlooking early
pathogenic events.

3. Reproducibility Advantages

When standardized protocols are followed—considering
factors like animal strain, age, STZ dosage, and diet
composition—the  model yields consistent and
reproducible results across different studies.

Disadvantages

Variability in response can occur due to differences in
animal genetics, sex, age, and even slight alterations in
diet or STZ preparation, necessitating careful calibration
for each experimental setup.

4. Costand Practicality Advantages

Compared to genetically modified models like db/db
mice or Zucker diabetic rats, the HFD + STZ model is
more cost-effective and doesn't require specialized
breeding, making it accessible for many laboratories.

Disadvantages

Handling STZ requires caution due to its toxicity to
humans and animals. Additionally, long- term
maintenance of diabetic animals can become costly,
especially when monitoring and managing diabetes-
related complications.

5. Suitability for Drug Testing Advantages

This model is suitable for evaluating a range of
antidiabetic agents, including insulin  sensitizers,
hypoglycemic drugs, and compounds targeting metabolic
syndrome. Its flexibility allows for testing interventions
at various stages of disease progression.

Disadvantages

It is less appropriate for studying therapies targeting
autoimmune mechanisms or immune pathways, as the
model lacks an autoimmune component. Furthermore, the
chemical-induced B- cell damage may limit studies on f3-
cell regeneration.

6. Ethical and Welfare Considerations Advantages
The shorter duration and straightforward procedures of
this model can reduce overall animal use.

Well-defined endpoints help in minimizing animal
suffering.

Disadvantages

STZ is toxic to organs beyond the pancreas, particularly
the kidneys and liver, raising ethical concerns. This
necessitates careful monitoring to ensure animal welfare
throughout the study.

www.ejbpscom | Vol 12, Issue 7, 2025. |
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7. Model Flexibility Advantages

Researchers can adjust the STZ dose and duration of
HFD feeding to induce varying degrees of hyperglycemia
and insulin resistance, allowing the modeling of different
stages of T2DM.

Disadvantages

High variability in responses may require frequent
optimization of dosing and diet protocols for each study,
complicating comparisons across different experiments.

8. Autoimmune and
Advantages

The model focuses on metabolic aspects of T2DM

without the confounding effects of autoimmune

processes, making it ideal for studying non-autoimmune

diabetes.

Inflammatory  Aspects

Disadvantages

It lacks an autoimmune component, rendering it
unsuitable for investigating the role of inflammation or
immune dysfunction in diabetes pathogenesis.

9. Modeling of Diabetic Complications Advantages
Over time, animals in this model can develop
complications such as neuropathy, nephropathy, and fatty
liver, providing a platform to study chronic outcomes of
diabetes.

Disadvantages

The onset and severity of these complications can be
inconsistent, and the underlying mechanisms may differ
from those in human disease, potentially limiting
translational relevance.

10. Translation to Human T2DM Advantages
The model effectively mimics key aspects of human
T2DM, particularly diet-induced insulin resistance and f3-
cell decline, reflecting lifestyle-related diabetes.

Disadvantages

It does not account for the complex interplay of
environmental and genetic factors present in human
T2DM.  Additionally, = comorbidities  commonly
associated with human diabetes, such as hypertension
and dyslipidemia, may not be well-represented.

CONCLUSION

The HFD/STZ rat model is a widely used and valuable
tool for preclinical research into the pathogenesis and
treatment of T2DM. It is relatively inexpensive,
straightforward to develop, and can induce a diabetic
state that mimics key aspects of human T2DM, including
the progression from insulin resistance to beta-cell
dysfunction, within a relatively short timeframe. The
model is suitable for testing potential therapeutic agents.
The HFD/STZ model remains a relevant tool for
advancing the understanding of T2DM. Detailed
characterization of the metabolic and pathological state,
including glucose and insulin/C-peptide levels, beta-cell
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function, and histopathological changes, is crucial for
enhancing the translatability of research findings and
better defining the specific stage of T2DM being
modeled.

List of Abbreviations

SD- Sprague Dawley rats, HFD-high fat diet, BG- blood
glucose, FBG —fasting blood glucose HOMA-IR -
Homeostatic Model Assessment for Insulin Resistance,
C-carbohydrates,

TG-triglycerides, TC- total cholesterol, LDL-low density
lipoproteins, HDL-high density lipoprotein, VLDL-very
low-density lipoprotein, Hbalc-glycated hemoglobin,
FSI- fasting sugar index, DS -diabetic stage.

PGI-post glucose index, Pl -plasma glucose index, FBI-
fasting blood glucose index, FPG-fasting plasma glucose,
FPI-fasting plasma index, IRI-immunoreactive insulin,
APQ-polydipsia/polyurea, NA-not applicable.

Pl-plasma insulin, OGTT-oral glucose tolerance, SOD-
superoxide dismutase, MDA-diabetes mellitus.
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