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[ Abstract]  Diabetic foot ulcer (DFU) , one of the most severe complications of diabetes mellitus, imposes a
significant clinical and socioeconomic burden on patients and healthcare systems. The development of animal models
that can effectively recapitulate the pathophysiological processes of human DFU serves as a critical foundation for
investigating its complex mechanisms and advancing effective intervention strategies. This paper systematically reviews
the research progress of experimental animal models of DFU from a comparative medicine perspective, with a focus on
comparative analysis of the advantages and limitations of different models. DFU animal models are broadly categorized
into two major groups: diabetes mellitus models (including type 1 diabetes models, such as streptozotocin ( STZ)-
induced models, and type 2 diabetes models, including spontaneously mutated strains like db/db mice, ob/ob mice,
and ZDF rats, as well as induced models such as high-fat diet combined with STZ) and ulcer wound models
(‘encompassing ischemic, neuropathic, infectious, and clinically symptomatic models). This review emphasizes
species-specific differences in wound healing and their implications for translating research findings to clinical
practice : rodents primarily rely on contraction of the subcutaneous fascia for wound closure, whereas humans depend
predominantly on re-epithelialization and granulation tissue formation. Parameters including gender and age exert
substantial influences on model construction and phenotypic manifestations. Looking ahead, emerging technologies
such as humanized models, 3D bioprinting technology, and multi-gene edited or modified animal models will provide
more precise experimental platforms for basic and translational research on DFU.
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Table 1 Characteristics of different DFU animal models

Animal category Representative animal Advantages Limitations

Wistar (25]
Wistar rats >
SD [25,37]

SD rats!? ")

7ZDF (38]
ZDF rats'®

ZDSD (391

Rodents
ZDSD rats!®]

db/db (40]
db/db mice "

ob/ob (38]

ob/ob mice**!

C57BL/6] (411
C57BL/6] mice "

STZ B ,
Sensitive to STZ-induced B-cell destruction,
low cost, relatively docile and easy to manage

s s
s
Rapid and significant obesity, stable
insulin resistance , fast growth, small
individual variation

8 ~ 10
More severe insulin resistance,
hyperinsulinemia around 8 weeks of age,
followed by a decline in insulin levels, males
develop diabetes around 8 ~ 10 weeks,
presence of diabetic complications,
hyperglycemia induced by obesity

15 ~ 21

s bl

Marked hyperglycemia between 15 ~ 21
weeks of age,rapid body mass gain on
standard chow,insulin resistance precedes
hyperglycemia , hyperinsulinemia develops
with diabetes progression

3~4 2
4~ 8
Marked obesity at 3 ~ 4 weeks of age,
hyperinsulinemia around 2 weeks of age,
hyperglycemia appears at 4 ~ 8 weeks of age

4

Body mass gain and hyperinsulinemia

at 2 weeks, hyperglycemia appears at
4 weeks

N N N

, T2DM,

Sensitive to high-fat diet-induced metabolic
disorders, rapid development of obesity,
insulin resistance, hyperinsulinemia,
hyperglycemia, etc. ,highly mimics human
T2DM, uitable for genetic engineering

Outbred strain with significant individual
variation, slow growth rate , poor stability
of obesity and insulin resistance

STZ
B ,

Lower sensitivity to STZ induction, requiring

higher doses, extremely strong compensatory

capacity of pancreatic B-cells, not suitable
for rapid hyperglycemia model research

Females do not develop
significant diabetes

Some rats become obese on diet without
developing hyperglycemia, delayed wound
healing is primarily caused by obesity

Point mutation in the leptin receptor gene,
which does not reflect the pathogenesis of
human diabetes

,
Point mutation in the leptin gene, which does not
reflect the pathogenesis of human diabetes,
diabetes is not severe

T2DM
Highly dependent on high-fat diet induction,
significant proportion of human T2DM cases
are not associated with obesity
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Animal category

Representative animal

Advantages

Limitations

[42-43]

Porcine model ™!

Skin structure is highly similar to humans,
heals via re-epithelialization and granulation

tissue formation

High animal cost, high facility requirements,
long reproductive cycle, lack of specific
detection reagents

Other species s
, )

[44-45] Peripheral neuropathy progression resembles

Thin footpad stratum corneum, not analogous

[ [44-45]
to human plantar ski,lack of specific

humans, docile temperament, convenient
for postoperative care ,convenient

for angiography

Canine mode

detection reagents

[46-47)

Difficulty in maintaining hyperglycemia , foot
Rabbit model“) y g hypergly o

heali les h ltipl
Wound healing resembles humans, multiple models are challenging to simulate ,lack of specific

wounds can be created simultaneously detecti "
etection reagents

(48] DFU

DFU 2, )

[49] [50]
o

2

Table 2 Sexual dimorphism effects in laboratory animals

Comparison dimension Male Female Rationale for selection
STZ ,
T2DM  DFU s
ST17 T2DM, o) .
TIDM" T2DM is more commonly

Resistant to low-dose STZ induction . . .
’ associated with DFU, using male

Sensitivity to STZ- Low doses induce T2DM, high

induced diabetes

Effect of sex
hormones on wound
healing

Effect of sex
hormones on skin
morphology
and physiology

re-epithelialization

doses induce TIDM'¥

Sa-

Wound repair is inhibited by
male gonadal hormones
testosterone and its metabolite
Sa-dihydrotestosterone

[49-50]

Thicker total dorsal skin
thickness, skin permeability
more similar to human skin,
wounds heal more readily via

[49-50]

requiring higher doses to achieve
hyperglycemia levels comparable

to males'*"!

) ]
Estrogen significantly accelerates wound
healing by increasing the proliferation of

endothelial progenitor cells and mesenchymal

stem cells, and promoting angiogenesis'**)

Thicker epidermis and subcutaneous tissue;
estrogen can maintain skin thickness

animals is more direct
and effective

DFU

Males better mimic the chronic
delayed healing wound pathology
seen in human DFU

’

Male skin permeability and
healing mode are closer to
humans, offering higher
translational value

2.1.3

. POBLETE
T2DM (

[51]
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o 3.2
3 3, VA
. + STZ +
3.1 0, STZ
3, ob/ob | B ,
db/db 7DF .3 . T2DM,
T2DM"* . ob/ob TIDM,
[55-56]
, , . T2DM .
db/db ob/ob , STZ + +
57-59 60
, [ 1 5 [60] STZ
o ZDF Zucker ( 60 mg/kg, 15 min
, fa/fa , 65 mg/kg STZ) Wistar
3 DFU
Table 3 Characteristics of different diabetic DFU animal models
Model type Specific model Pathophysiological alterations Advantages Limitations
T2DM ,
, ( +
,3~4 , + ), T2DM
2 GLP-1 )
4~ 8 ,
ob/ob [28,32] Spontaneous mutation without
ob/ob mice Leptin gene mutation, absolute drug intervention, closer to Species difference in leptin
model reduction in leptin levels, natural history of human T2DM, deficiency vs. human T2DM
obesity from 3 ~ 4 weeks, highly uniform phenotype pathogenesis, weaker diabetic
hyperinsulinemia from 2 weeks, (obesity + hyperglycemia + phenotype in females,
progressive hyperglycemia from  insulin resistance triad) ,widely  significantly higher skin wound
4 ~ 8 weeks! %32 used for evaluating new contraction rate than humans
antidiabetic drugs like GLP-1
receptor agonists
Spontaneous
mutant s
5 T2DM -8
;4 T2DM
3~ T2DM ’ ’
> Cl i i the pathological
db/db [28-29] r%f ¥ imLITOEm eli};)ldr Oi Oflgd Leptin receptor mutation is not a
db/db mice Leptin receptor gene mutation, progression ©F ISUHT Tesistance primary cause of human T2DM,
. .. to B-cell failure in human . .
model leptin receptor deficiency, progressive worsening of

significant body mass gain and
hyperinsulinemia from 2 weeks,
hyperglycemia apparent at
4 weeks, blood glucose peaks at
3 ~ 5 months then gradually

declines with age!®™’

T2DM, leptin receptor
deficiency model better aligns
with obesity-related human
T2DM pathogenesis, established
gene knockout subtypes
available

hyperglycemia, difficult to
control in later stages,
significantly higher skin wound
contraction rate than humans
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3
odel type ecitic mode atho s1ological alterations vantages imitations
Model typ Specifi del Pathophysiological al i Ad g Limitati
s T2DM , ’
8 12 : ’
(o3l Polygenic background bett
ygenic background better . N .
Atypical diabetic phenotype
ZDF Leptin receptor deficiency reflects the heterogeneity of ypical labeiie PRenolype i
Spontaneous . . . females, prolonged
ZDF model leading to hyperphagia, human T2DM , hypertension o
mutant . Lo - . . hyperinsulinemia may mask
obesity, and insulin resistance, complications model suitable Iv vathological ch
insulin resistance at 8 weeks, for diabetic vascular disease farg }?at 3.¥fgwa ‘c ‘a.ngefi:
develops hyperglycemia by research, amenable to St 1:1111 b ‘lliiren.(f:l Hi bd m
12 weeks *7%! minimally invasive surgical wound hiealing compare
modeling to humans
T2DM
B ) , ’ ’
STZ Does not mimic the chronic
STZ-induced Selective destruction of Short modeling period , mature . Oteb[.n;l) ::lzn,;zD;IL iozml
model pancreatic B-cells, leading to technique, high success rate, i(;dsljciz alllltoimmune r’e[; :;fmo
insufficient insulin secretion widely used for studying acute e o
hyperglycemia effects high doses cause severe
i i gastrointestinal toxicity
B, , , T2DM
Alloxan-induced Selective destruction of Rapid modeling, suitable for High mortality rate, severe
oxa d lu(,e pancreatic B-cells, leading to short-term mechanism studies, fluctuations in blood glucose,
mode insufficient insulin secretion no autoimmune interference low relevance to human
T2DM pathophysiology
N B ’ T2DM , s
Cl}emwally Alloxan + HFD Alloxan destroys B-cells, HFD Multi-factorial 51m}11at10n of Risk of h{g.h mortal.lty., poor
induced . Lo . T2DM pathology, high success model stability, deviation from
model induces insulin resistance . .
rate, mature technique human pathophysiology
T2DM*
-B i ,
DFU
STZ + S1Z B ’ ’ ’ o
fel Better simulates the dual-phase M (’1 | stabilit a
STZ destroys B-cells, pathology of “insulin resistance . ocel STabILy greatly
STZ + HFD . . s influenced by diet composition,
del HFD induces insulin B-cell failure” in human ionificant variation in STZ
mode resistance ) T2DM, delayed wound healing Signifiean’t variation m
more consistent with clinical sensitivity among strains, long
features of human DFU ,suitable HFD induction period
for long-term observation
,STZ
STZ + + B , ) s

STZ + nicotinamide

+ HFD model

[57]

Nicotinamide protects islet

function, STZ destroys a portion
of B-cells, HFD induces insulin

. 57
resistance (7]

Low mortality during modeling,
high blood glucose stability

High operational complexity,
increased cost, protective
mechanism of nicotinamide is
not fully elucidated
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T2DM , , 4.2
sl N [ Wistar
, SIZ ,
4
4.1 o
[62]
o 4.3
4, DFU ,
4.1.1 .
DFU . , , LIU
, . L STZ SD ,
. DFU I em
., KIMm % s17 , (methicillin-resistant Staphylococcus aureus , MRSA)
, , MRSA .
72 SD 8
o , , SIZ ,
. ,TAM , .
4.4
. DFU ,
4.1.2 DFU
, 4.4.1
[19] . [65] STZ o : N N
, - 17374 SLAVKOVSKY 17 ZDF ,
, . 18 ~ 20 ,
[e6] RANDERIA 7
, 12 db/db
. DUSCHER ' db/db , , , ,
/ , DFU ,
. DFU ,
, 12 h/d, 12 h/d, 4.4.2
3 ,21d .
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Table 4 Characteristics of different ulcerative DFU animal models
/
Model type Specific model Modeling method Pathological mechanism Advantages/limitations

Vessel ligation
model

Ischemic ulcer

model
Skin compression
model
. Nerve injury-
Neuropathic induced
ulcer model o
model
. Bacterial
Infectious ulcer . .
model infection
model

[63]

[64]

Ligation of proximal femoral
artery with excision of branches
(e.g. , popliteal ) [*) simple
ligation of distal femoral and
proximal popliteal arteries,
preserving collateral

circulation'®*!

[65-66]

Using magnetic attraction to
create pressure-induced skin

- . [65-66]
ischemia' ’

,
[70]
Dissection of the right sciatic
nerve to accelerate peripheral
. [66]
neuropathy

MRSA s

[71-72)

Creating MRSA-infected wounds
on the dorsum via bacterial

. . T1-72
inoculation' !

(19, 63]

Mimics hindlimb ischemia,
local tissue hypoxia and
nutritional impairment, femoral
artery ligation causes distal
tissue ischemia ,muscle tissue
necrosis . insufficient collateral

. . - [19,63]
circulation compensation

/ [82]
[66]
Magnetic compression causes
local hypoxia, ischemia-
2] Jeukocyte

reperfusion injury
[66]

infiltration

[83]

s

[69]

Chronic hyperglycemia leads to
neuropathy, local sensory
loss™ | decreased sensory

nerve conduction velocity after
sciatic nerve transection,
autonomic dysfunction'®’ |

elevated mechanical pain
threshold at ulcer edge

MRSA
(TNF-

s
o IL-6
[71-72)
Bacterial infection causes tissue
destruction, hyperglycemic
environment promotes bacterial
proliferation, increased
bacterial load in wounds after
MRSA infection, activation of
inflammatory cascade
(increased TNF-a, IL-6) ,

biofilm formation'!”'""*!

DFU

Useful for studying drug
mechanisms on vasculature ,
but caution regarding differences
from human DFU ischemia
mechanisms is needed

s

)
Wound area is easily
quantifiable, suitable for
quantitative analysis, but
subcutaneous implantation is
prone to infection

’

Well simulates the progression of
diabetic neuropathy, but the
spontaneous ulceration rate is low

DFU ,

Closely aligns with clinical DFU
infection characteristics, attention
required for pathogen selection
and infection condition control
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/
Model type Specific model Modeling method Pathological mechanism Advantages/limitations
+ +
’ ’ /
[75-76]
,
. [73-76] Epidermis + dermis + full- Commonly used for evaluating
Full-thickness . . . . . .
excision Excision of marked skin area  thickness defect of subcutaneous  topical dressings/drug efficacy,
) using a punch biopsy tool' "% tissue, wound closure not suitable for mechanistic
model . . . S
dominated by contraction, low studies of diabetic foot
R TI T [75-76]
re-epithelialization rate
, ) [21]
[76-77] ,
[84] Significant inhibition of
L - . & . Compensates for the confounding
Solinted i Fixing a silicone splint around wound contraction under L 1o
plinted ring . . effect of rodent skin laxity and
the wound to prevent mechanical restraint, wound . .
Clinicall model . . contraction, suitable for
Y wound contraction closure dominated by aluati d
symptomatic re-epithelialization, low evaluating woun
model [76-77] healing mechanisms

Burn model

[79-80]

Using constant-temperature
water bath to induce

granulation tissue maturity

’ [79-80]
Diabetic neuropathy causes loss
of temperature sensation,
leading to burn-induced ulcers,

’

Aligns with clinical etiology of
burns in diabetic foot, however,

burns! ™% full-thickness epidermal tradili(.)nal models often produce
. . irregular burn areas
necrosis, delayed inflammatory
response, scar
hypelrplasia[797801
, 6 , 70 “ ” ,
C 8 s, , ,
Y ’ o
o , 4.5.2 DFU
b o
e 3 cm DFU . .
b [e]
o b
4.5 s
DFU ) ’
[86]
b o
o 4.5.3
4.5.1 T2DM ,
o db/db  ob/ob ,
( N ) T2DM o
( contraction ) T2DM , ,

“ ”»

(re-epithelialization )

( granulation) **'

[87]

DFU
, NONcNZO10/Lt) (NZ10)
T2DM

o FANG
db/db
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,NZ10 5.4
3D )
, NZ10 (organoids) | “ ” ( wound-on-a-chip)
[90-93] DFU
o , , 3R
5 o
, DFU 6
o , DFU
- DFU
5.1 ,
. DFU . STZ +
: “ “odb/db o+
[88]
“ 7. HFD + STZ +
5.2 . ,
, ” 3D
[39]
5.3
db/db  ob/ob
, T2DM
( References)
° ’ [ 1] SCHAPER N C, VAN NETTEN J J, APELQVIST J, et al.
T2DM, FANG . . .
- Practical guidelines on the prevention and management of
7 db/db NONcNZO10/LtJ diabetes-related foot disease (IWGDF 2023 update) [J].
s Diabetes Metab Res Rev, 2024, 40(3) . e3657.
NONcNZO10/Lt) [2] , , ,
o [J]. , 2025, 31(10) ; 1867
NONeNZO10/14J ~1872
[89] DFU DENG P, SUN Z B, WU Q, et al. Current status of modern
° ’ medical research on diabetic foot ulcers [ J]. Chin J Basic
NONeNZO10/14] ’ Med Tradit Chin Med, 2025, 31(10); 1867-1872.
NONcNZO10/Lt)

(o]

[3] , , , .
(1. , 2026, 49(2) . 41-48.



2026 4 34 4

Acta Lab Anim Sci Sin, April 2026, Vol. 34, No. 4

609

[6]

[7]

[9]

[10]

[12]

[13]

WANG Y, LI D Y, GAO X, et al. Research progress of
Chinese and western medicine in the treatment of diabetic
foot [ J]. J Shaanxi Univ Chin Med, 2026, 49(2) : 41-48.
[J]. , 2025, 22(1): 158
-163.
ZHOU W, ZHENG H B, LIU Q, et al. The causes and
treatment progress of diabetes foot ulcer wounds difficult to
heal [J]. Med Innov Chin, 2025, 22(1) . 158-163.
GUARIGUATA L, WHITING D, WEIL C, et al. The
International Diabetes Federation diabetes atlas methodology
for estimating global and national prevalence of diabetes in
adults [ J]. Diabetes Res Clin Pract, 2011, 94(3). 322
-332.
SCHAUER P R, RUBINO F. International diabetes
federation position statement on bariatric surgery for type 2
diabetes : implications for patients, physicians, and surgeons
[J]. Surg Obes Relat Dis, 2011, 7(4) ;. 448-451.
HSU 1, PARKINSON L G, SHEN Y, et al. Serpina3n
accelerates tissue repair in a diabetic mouse model of
delayed wound healing [ J]. Cell Death Dis, 2014, 5(10) ;
e1458.
DESHPANDE A D, HARRIS-HAYES M, SCHOOTMAN
M. Epidemiology of diabetes and diabetes-related
complications [ J]. Phys Ther, 2008, 88 (11). 1254
—-1264.
SINGH N, ARMSTRONG D G, LIPSKY B A. Preventing
foot ulcers in patients with diabetes [ J]. JAMA, 2005, 293
(2):217-228.
, Nrf2/
Keap1 [J].
, 2021, 31(8) ; 48-54.
JING L, QI Y Z. Effects of salidroside on the Nrf2/Keapl
signaling pathway and wound healing in rats with diabetic
foot ulcer [J]. Chin J Comp Med, 2021, 31(8) . 48-54.
Meta
3634-3640.

DENG J L, YIN K L, WANG Y Z, et al. Meta-analysis of

s

[J]. , 2025, 45(15):

influencing factors of amputation in diabetic foot [ J]. Chin J
Gerontol, 2025, 45(15) : 3634-3640.
[J].
, 2025, 60(12): 2346-2352.

ZHAO J, YANG X D, HU Y X, et al. Risk factors for lower
extremity amputation of inpatients with diabetic foot ulcers: a
multi-center retrospective study [ J]. J Anhui Med Univ,
2025, 60(12) : 2346-2352.

ARMSTRONG D G, TAN T W, BOULTON A J M, et al.

[14]

[17]

[18]

[20]

[21]

Diabetic foot ulcers; a review [ J]. JAMA, 2023, 330(1):
62-75.

[J]. , 2025, 38(9): 964
-968.
WANG H R, WU K, ZHANG J D, et al.

Mechanism

exploration and basic research on the repair of diabetic foot

ulcer [ J]. Chin J Orthop Traumatol, 2025, 38(9). 964
-968.

[J]. , 2024, 14(2) . 135
—141.

ZHANG H B, WANG J M, ZHANG G H. Progress in
wound formation mechanism and surgical treatment of
diabetes foot ulcer [ J]. Chin Med Cosmetol, 2024, 14(2):
135-141.

[J]. , 2025, 54(1) . 48—
S1.
ZHANG Z, CHEN C, WU P P, et al. Research on the
pathological mechanisms in delayed wound healing in
diabetic foot ulcers [ J]. J Clin Dermatol, 2025, 54(1) ; 48
-51.

[J]. , 2025, 20
(3): 405-407.
CAI Q Y, KONG L, YAN X B. Research progress on the
pathogenesis of diabetic foot infection and anti-infection
treatment [ J]. J Pathog Biol, 2025, 20(3): 405-407.

[J]. , 2021, 43(23) : 2867-2870.
CHEN Z L., LU W, LI J H. Preparation and evaluation of
animal model of diabetic ulcer [ J]. Guangxi Med J, 2021,
43(23) ; 2867-2870.
[J]. ( ),

2017, 46(1) . 97-105.
GAO S Q, SHEN Y M, GENG F N, et al. Research
progress on the animal models and treatment strategies of
diabetic foot ulcer [J]. J Zhejiang Univ (Med Sci) , 2017,
46(1) . 97-105.
DU Y, WANG J, FAN W, et al. Preclinical study of
diabetic foot ulcers: from pathogenesis to vivo/vitro models
and clinical therapeutic transformation [ J]. Int Wound J,
2023, 20(10) : 4394-4409.
DAVIDSON J M, YU F, OPALENIK S R. Splinting
strategies to overcome confounding wound contraction in
experimental animal models [ J]. Adv Wound Care, 2013,

2(4) . 142-148.



610 2026 4 34 4 Acta Lab Anim Sci Sin, April 2026, Vol. 34, No. 4

[22] s s s leptin receptor-deficient rodent models; relevance for human

[J]. s type 2 diabetes [ J]. Curr Diabetes Rev, 2014, 10(2) . 131
2023, 29(8) ; 1288-1295. ~145.
XIAO Y F, SHENG W, ZHANG J M, et al. Analysis of [33] ELLIOT S, WIKRAMANAYAKE T C, JOZIC 1, et al. A
application characteristics of animal models of pre-diabetes modeling conundrum: murine models for cutaneous wound
based on data mining [ J]. Chin J Basic Med Tradit Chin healing [ J]. J Investic Dermatol, 2018, 138 (4). 736
Med, 2023, 29(8) . 1288-1295. -740.

[23] MASSON-MEYERS D S, ANDRADE T A M, CAETANO G [34] RAI V, AGRAWAL D K. Male or female sex:
F, et al. Experimental models and methods for cutaneous considerations and translational aspects in diabetic foot ulcer
wound healing assessment [ J]. Int J Exp Pathol, 2020, 101 research using rodent models [ J]. Mol Cell Biochem,
(172) . 21-37. 2023, 478(8) . 1835-1845.

[24] JURGONSKI A, JUSKIEWICZ J, ZDUNCZYK Z. [35] SAADANE A, LESSIEUR E M, DU Y, et al. Successful
Ingestion of black chokeberry fruit extract leads to intestinal induction of diabetes in mice demonstrates no gender
and systemic changes in a rat model of prediabetes and difference in development of early diabetic retinopathy [ J].
hyperlipidemia [ J]. Plant Foods Hum Nutr, 2008, 63(4) : PLoS One, 2020, 15(9) : e0238727.

176—-182. [36] BARRIERE D A, NOLL C, ROUSSY G, et al. Combination

[25] , , R of high-fat/high-fructose diet and low-dose streptozotocin to

[J]. , 2016, 26(9) : 83-87. model long-term type-2 diabetes complications [ J]. Sci
SONG D, RAN L 'Y, JIANG R J, et al. Animal models in Rep, 2018, 8(1): 424.
diabetes mellitus research [ J]. Chin ] Comp Med, 2016, [37] LUTZ T A. Mammalian models of diabetes mellitus, with a
26(9) . 83-87. focus on type 2 diabetes mellitus [ J]. Nat Rev Endocrinol,

[26] GAVINIM P, MAHMOOD A, BELENCHIA A M, et al. 2023, 19(6) : 350-360.

Suppression of inflammatory cardiac cytokine network in rats [38] PANDEY S, DVORAKOVA M C. Future perspective of
with untreated obesity and pre-diabetes by AT2 receptor diabetic animal models [ J]. Endocr Metab Immune Disord
agonist NP-6A4 [J]. Front Pharmacol, 2021, 12 693167. Drug Targets, 2020, 20(1) . 25-38.

[27] PETERSON R G, JACKSON C V, ZIMMERMAN K, et al. [39] WANG A N, CARLOS J, FRASER G M, et al. Zucker
Characterization of the ZDSD rat: a translational model for Diabetic-Sprague Dawley ( ZDSD ) rat: type 2 diabetes
the study of metabolic syndrome and type 2 diabetes [J]. J translational research model [ J]. Exp Physiol, 2022, 107
Diabetes Res, 2015, 2015 487816. (4):265-282.

[28] s [40] GUEST P C, RAHMOUNE H. Characterization of the db/db

[J]. , 2023, 43(4) . 415 mouse model of type 2 diabetes [ J]. Methods Mol Biol,
-421. 2019, 1916 195-201.
WANG X, HU Y H. Analysis of common types and [41] SAITO M, KABURAGI M, OTOKUNI K, et al. Functional
construction elements of diabetic mouse models [ J]. Lab role of natural killer T cells in non-obese pre-diabetes model
Anim Comp Med, 2023, 43(4) . 415-421. mice [J]. Cytotechnology, 2018, 70(1) . 423-430.

[29] , , | [42] , , ,

[J]. , 2020, 28(6): 870 [J1. , 2020, 30(7): 110
-876. -119.
TANG Y D, WANG X Z, ZHANG ] J. Research progress in CHEN Y R, AN X L, WANG Z Z, et al. Research progress
the construction of type Il diabetes animal models [ J]. on pigs as human disease models [ J]. Chin J Comp Med,
Acta Lab Anim Sci Sin, 2020, 28(6) : 870-876. 2020, 30(7): 110-119.

[30] SINGH R, GHOLIPOURMALEKABADI M, SHAFIKHANI [43] :
S H. Animal models for type 1 and type 2 diabetes: [J]. , 2025, 46
advantages and limitations [ J]. Front Endocrinol, 2024, (1) 28-36.

15: 1359685. CHEN H. Establishment, applications, and key technical

[31] SUCKOW M A, GOBBETT T A, PETERSON R G. Wound chanllenges of diabetic models in miniature pigs: practical
healing delay in the ZDSD rat [J]. In Vivo, 2017, 31(1): experience and literature review [ J]. Acad J Chin Pla Med
55-60. Sch, 2025, 46(1) . 28-36.

[32] WANG B, CHANDRASEKERA P, PIPPIN J. Leptin- and [44] i i ,



2026 4 34 4

Acta Lab Anim Sci Sin, April 2026, Vol. 34, No. 4 611

[45]

[46]

[47]

[48]

[52]

(53]

[54]

[J]. , 2010, 20(1):
19-22.
YE H H, YUAN J F, LI M, et al. Different effects of
alloxan on diabetic model duplication in male and female
animals [ J]. Chin J Comp Med, 2010, 20(1): 19-22.
. N- -L- 1

[J].

) ’ ’

, 2023, 54(1): 361-370.
ZHOU S L, BAL Y M, XIE W T, et al. Effect of N-acetyl-

L-cysteine on oxidative damage of lens epithelium in beagle

dogs with type 1 diabetes mellitus [ J ]. Acta Vet
Zootechnica Sin, 2023, 54(1): 361-370.

[J]. , 2019, 54(11):
1831-1834.

FANG Y, CAO D S, XIE ], et al. Platelet-rich gel treat in
rabbit diabetic ulcer model [ J]. Acta Univ Med Anhui,
2019, 54(11) ; 1831-1834.

.2 C-

[J]. , 2011, 21

’ )

(25) : 3087-3090.

WAN L, WU M L, CHEN M. Establishment of type 2
diabetes mellitus model in New Zealand white rabbits and
analysis of C-reactive protein [J]. Chin J Mod Med, 2011,
21(25) ; 3087-3090.

ZHUGE Y, REGUEIRO M M, TIAN R, et al. The effect of
estrogen on diabetic wound healing is mediated through
increasing the function of various bone marrow-derived
progenitor cells [ J]. J Vasc Surg, 2018, 68 ( 6S):
127S-135S.

TODO H. Transdermal permeation of drugs in various animal
species [ J]. Pharmaceutics, 2017, 9(3) . 33.
DORSETT-MARTIN W A. Rat models of skin wound
healing: a review [ J]. Wound Repair Regen, 2004, 12
(6): 591-599.

POBLETE JARA C, NOGUEIRA G, MORARI J, et al. An

older diabetes-induced mice model for studying skin wound

healing [ J]. PLoS One, 2023, 18(2): ¢0281373.
, .2
[J]. , 2024, 32(10) :
1313-1319.

YAN T T, LI H. Research progress on rodent models for
type 2 diabetes mellitus and peri-implantitis [ J]. Acta Lab
Anim Sci Sin, 2024, 32(10) . 1313-1319.

PHANG S J, ARUMUGAM B, KUPPUSAMY U R, etal. A
review of diabetic wound models-Novel insights into diabetic
foot ulcer [J]. J Tissue Eng Regen Med, 2021, 15(12) .
1051-1068.

COUTURIER A, CALISSI C, CRACOWSKI J L, et al.

[56]

[57]

[58]

[59]

[61]

[62]

[64]

[65]

Mouse models of diabetes-related ulcers: a systematic review
and network meta-analysis [ J ]. EBioMedicine, 2023,
98: 104856.
SZKUDELSKI T. The mechanism of alloxan and
streptozotocin action in B cells of the rat pancreas [ J].
Physiol Res, 2001, 50(6) : 537-546.

, , , 2

[J]. , 2014, 29(1): 25-27.

WU Y, YUAN H, TIAN H H, et al. Streptozotocin induced
type 2 diabetic rat model [J]. Chin J Chin Med, 2014, 29
(1):25-27.
FURMAN B L. Streptozotocin-induced diabetic models in
mice and rats [ J]. Curr Protoc, 2021, 1(4): €78.
MUHAMMAD A A, ARULSELVAN P, CHEAH P S, et al.
Evaluation of wound healing properties of bioactive aqueous
fraction from Moringa oleifera Lam on experimentally induced
diabetic animal model [ J]. Drug Des Devel Ther, 2016,
10: 1715-1730.
PANDEY S, CHMELIR T, CHOTTOVA DVORAKOVA M.

Animal models in diabetic research-history, presence, and

future perspectives [ J ]. Biomedicines, 2023, 11
(10) : 2852.
, , s 2
[l , 2014, 34
(2): 89-91.
LIU B, CHEN F, SHEN X, et al. Streptozotocin-

nicotinamide-induced type 2 diabetic model in rats [ J].
Acta Acad Med Xuzhou, 2014, 34(2) . 89-91.

, .2 [J].

, 2014, 22(4) . 71-76.
GAO X Y, ZHOU Y S. Review of mouse and rat models for
type 2 diabetes mellitus [ J]. Acta Lab Anim Sci Sin, 2014,
22(4): 71-76.
[J1. ,

2016, 24(3) . 327-331.
FENG L S, MA X, WANG J B. Mechanism and research
progress of severe diabetic vasculopathy and related
experimental animal studies [J]. Acta Lab Anim Sci Sin,
2016, 24(3) . 327-331.
KIM H, HAN J W, LEE J Y, et al. Diabetic mesenchymal
stem cells are ineffective for improving limb ischemia due to
their impaired angiogenic capability [ J]. Cell Transplant,
2015, 24(8): 1571-1584.
TAM J C, KO C H, LAU K M, et al. A Chinese 2-herb
formula ( NF, ) promotes hindlimb ischemia-induced
neovascularization and wound healing of diabetic rats [J]. J
Diabetes Complications, 2014, 28(4) . 436—-447.

s



612 2026 4 34 4 Acta Lab Anim Sci Sin, April 2026, Vol. 34, No. 4
[J]. , 2005, 13(2) . 88-90, FO010. healing in diabetic mice by ganglioside GM3 synthase
GE L P, WEI H. A preliminary study on rat model of knockdown [ J]. Proc Natl Acad Sci U S A, 2015, 112
diabetic ulcers [ J]. Acta Lab Anim Sci Sin, 2005, 13(2): (18): 5573-5578.
88-90, F010. [77] RAI V, MOELLMER R, AGRAWAL D K. Clinically

[66] PEIRCE S M, SKALAK T C, RODEHEAVER G T. relevant experimental rodent models of diabetic foot ulcer
Ischemia-reperfusion injury in chronic pressure ulcer [J]. Mol Cell Biochem, 2022, 477(4) . 1239-1247.
formation: a skin model in the rat [ J]. Wound Repair [78] SUN Z, SUN J, SU G, et al. A comparative study of the
Regen, 2000, 8(1): 68-76. established methods and evaluation of rat trauma models

[67] DUSCHER D, NEOFYTOU E, WONG V W, et al [J]. Anim Model Exp Med, 2025, 8(3): 501-510.
Transdermal deferoxamine prevents pressure-induced diabetic [79] s s s
ulcers [J]. Proc Natl Acad Sei U S A, 2015, 112(1) ; 94— P Bel-2 [J].

99. , 2012, 16(20) : 3675-3679.

[68] LOBMANN R. Neuropathy and diabetic foot ulcers [ J]. ZHANG X F, WU Z Q, LIANG Z Q, et al. Effects of
Internist ( Berl) , 2015, 56(5) : 503-512. dragon’ s blood on the expression of substance P and Bel-2

[69] s in wound tissue of diabetic scalded rats [ J]. Chin J Tissue
[J]. , 2018, 26(1) . 128-132. Eng Res, 2012, 16(20) : 3675-3679.

LI D, CHEN L J. Advances in research of animal models of [80] TIAN M, QING C, NIU Y, et al. The relationship between

diabetic foot neuropathy [J]. Acta Lab Anim Sci Sin, inflammation and impaired wound healing in a diabetic rat

2018, 26(1) . 128-132. burn model [ J]. J Burn Care Res, 2016, 37 (2):
[70] JIN S, ZHANG M, GAO Y, et al. The efficacy of Jing Wan ell15-e124.

Hong ointment for nerve injury diabetic foot ulcer and its [81] s s s

mechanisms [ J]. J Diabetes Res, 2014, 2014 259412. [J1. , 2024, 52(7): 678-681.

[71] LIU W, GAO R, YANG C, et al. ECM-mimetic XIAO Y W, SUN Q, LU N, et al. Preparation and
immunomodulatory  hydrogel ~ for  methicillin-resistant evaluation of a rat model for scalded wounds [ J]. Clin J
Staphylococcus aureus-infected chronic skin wound healing Med Off, 2024, 52(7) . 678—-681.

[J]. Sci Adv, 2022, 8(27) : eabn7006. [82] s s s
[72] , , , (7. ,
NF-kB/JNK/PI3K 2025, 43(7) . 339-343, 361.
[J]. , 2021, 40(2): 226 ZHU D J, HE X Z, ZOU J, et al. Effects and mechanism of
-234. triptolide on cerebral ischemia-reperfusion injury in rats
HAN Q, LIU G B, QIN L, et al. Effect of Zizhu Ointment [J]. J Pharm Pract Serv, 2025, 43(7): 339-343, 361.
on inflammatory response and NF-kB/JNK/PI3K signal [83] , s ,
expression of diabetic foot ulcer infected by Staphylococcus [J]. ( ),
aureus [ J]. J Tianjin Univ Tradit Chin Med, 2021, 40(2) . 2024, 33(3): 325-334, 376.
226-234. GUO R, PENG H Z, PU S B, et al. Research progress in

[73] NALDAIZ-GASTESI N, GOICOECHEA M, ALONSO- refractory wounds of diabetes foot ulcers [ J]. J Yunnan Univ
MARTIN S, et al. Identification and characterization of the Natl Nat (Sci Ed), 2024, 33(3) . 325-334, 376.
dermal panniculus carnosus muscle stem cells [ J]. Stem [84] CHEREDDY K K, LOPES A, KOUSSOROPLIS S, et al.
Cell Reports, 2016, 7(3); 411-424. Combined effects of PLGA and vascular endothelial growth

[74] SAMARAWICKRAMA P N, ZHANG G, ZHU E, et al. factor promote the healing of non-diabetic and diabetic
Clearance of senescent cells enhances skin wound healing in wounds [ J]. Nanomedicine, 2015, 11(8): 1975-1984.
type 2 diabetic mice [ J]. Theranostics, 2024, 14(14). [85] DUNN L, PROSSER H C G, TAN J T M, et al. Murine
5429-5442. model of wound healing [J]. JoVE, 2013(75) : €50265.

[75] SLAVKOVSKY R, KOHLEROVA R, TKACOVA V, et al. [86] , ,

Zucker diabetic fatty rat: a new model of impaired cutaneous [J1. , 2014, 48(5) . 117-121.
wound repair with type I diabetes mellitus and obesity [ J]. HAN Q, LI S W, LIU G B. Research progress on diabetic
Wound Repair Regen, 2011, 19(4) . 515-525. foot in experimental animal models [ J]. Shanghai J Tradit

[76] RANDERIA P S, SEEGER M A, WANG X Q, et al. Chin Med, 2014, 48(5) . 117-121.

siRNA-based spherical nucleic acids reverse impaired wound [87] FANG R C, KRYGER Z B, BUCK D W 2nd, et al.



2026 4 34 4

Acta Lab Anim Sci Sin, April 2026, Vol. 34, No. 4

613

[88]

Limitations of the db/db mouse in translational wound
healing research; is the NONe¢NZO10 polygenic mouse model
superior? [ J]. Wound Repair Regen, 2010, 18(6): 605
-613.

WALSH N C, KENNEY L L, JANGALWE S, et al.

Humanized mouse models of clinical disease [ J]. Annu Rev

Pathol, 2017, 12. 187-215.

[92]

[J]. Adv Drug Deliv Rev, 2019, 140. 101-128.

SUN L, CHEN H, XU D, et al. Developing organs-on-chips
for biomedical applications [ J]. Smart Med, 2024, 3
(2): €20240009.

EJIUGWO M, ROCHEV Y, GETHIN G, et al. Toward
developing immunocompetent diabetic foot ulcer-on-a-chip

models for drug testing [ J]. Tissue Eng Part C Methods,

:11220201040003764

[89] STACHURA A, KHANNA I, KRYSIAK P, et al. Wound 2021, 27(2) : 77-88.

healing impairment in type 2 diabetes model of leptin- [93] YIN]J, MENG H, LIN J, et al. Pancreatic islet organoids-

deficient mice-a mechanistic systematic review [ J]. Int J on-a-chip; how far have we gone? [ J ]. J

Mol Sci, 2022, 23(15) . 8621. Nanobiotechnology,, 2022, 20(1) : 308.
[90] ROGAL J, ZBINDEN A, SCHENKE-LAYLAND K, et al.

Stem-cell based organ-on-a-chip models for diabetes research [ 1 2025-08-15

4 »2026
( ) s . :
o AY Y N b AY
Y o]
]
Y o]
.16 160 . 50 . 12 . 600 .

2-748



