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IBVFEFRYE (Typel diabetes, T1D) , thlUfERHKBEAERSE (Insulin dependent diabetesmellitus, IDDM) &>
FERE, B MESRENER, SRET/IENSLE, HURETSHER, ERANGRARTERSRNRERHA
ik B AR ERAE R ML, SBRNRERERERRZHSIESMELE.

RRmE—AUSMBEARENRREERRE, HERMCTHISER, SR, B8R, HESERA, B "=85—
A7 R, RERE(I0FE)—EEFAFSSIAHLE, SHE. R, BEFHUNRERE,

RSN, B, IEYRAE PR R B AL R BN, TEHRNINE—TIERRHRE,

| BY 578 PR s i i

IBERTE (Typeldiabetes, T1D) , IYfESZEKBENERSE (Insulin dependent diabetesmellitus,
IDDM) HEDERERE, 2 HESREMER, SREEIENSOFE, BukETFERFER, HIEAR
MFRARTERDENERAREE BARRRAAE MR, SBNRMESREZHSIESIEIE.

A BRRERFEREE: R, OE. OF. RRAES TR, 888N, AERRE, REHLSE
R BREME IERERRBELGT RN,

RIE2018F K XNAREUE, 2010-2013FRAHEIRBRBELFEABNT: 2FRERAFE0.93/10
AAE, 155U TILELAFRENN1.90/108 AFE, 15-29%5 ABARERN1.02/105 AE, 305 R EARE
REEF0.51/108 AT, ERAIBBERFNARSIEE10-14%, ERFEREELFHARS. FEMITEFEHME
BT 13000f%1 BN FRR RS, HO#Bid9000%1815%5 LA LRI EA[T].

HRIBERBENEAXNMERE
BRTHAIEERERE RN UL NREES:

1. BREESRRER
2. WERBYFSER
3. BESESRE
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Animal models of diabetes mellitus

Genetic models Chemically induced models
TiD T2D Streptozotocin Alloxan
(i) BB rats (i) ZDF rats
(ii) LEW 1AR1/-iddm rats (ii) Goto-Kakizaki rats

(iii) Nonobese Diabetic mouse
(iv) Akita mice

Figure 1. Summary of animal models of diabetes mellitus.

BAEESRRIRE

fign: NOD/NRARE!, BBRREEE, REAAMBESRRMERRFREERESABPRAE—LER, B
AT ARBEREAELIRS, ALENETHREFNELXRAE (FIUNESRENNLABENE) HFEE
EEA.

Features Human NOD mouse BB rat KDP rat LEW-1IDDM
Age of disease presentation  Adolescence 24-30 weeks 8-16 weeks 34 months 2-3 months
Disease incidence (%) - Females: 90, males: 50-60 50-80 70-80 70
Auto-antibodies Insulin, GAD, ICA, ICSA, Insulin, GAD ICA Unknown ICA
BSA, CPH, EC, IA-2, |AA
Insulin is required Yes No Yes Yes No
MHC associated genes HLA-DQ and DR Unigue |-Ag7 At least RTH At least RTH At least RTH
B/Du haplotype B/Du haplotype B/Du haplotype

Environmental factors Probable Yes Yes Unknown Unknown

MNOD: Monobese diabetic, BB: Bic-breeding, KDP: Komeda diabetes-prone, IDDM: Insulin dependent diabetes mellitus, LEW: Lewis, HLA: Human leukocyte antigen,
ICA: Islet cell antibodies, GAD: Glutamic acid decarboxylase, ICSA: Islet cell surface antibedy, BSA: Bovine serum albumin, CPH: Carboxypeptidase H, EC: Epicutansous,
1A-2: Islet antigen-2, IAA: Insulin autoantibodies

Table 1. Comparative features of spontaneous autoimmunediabetes with human and different
animal models.

NOD/M\ER

=+Z %3k, NOD(non-obese diabetic)/N\E—EHEHRESEEMRRFNEZNMER, ARNIGK
MERWMRIR. SR, SE. REMNSEEEMNE, NOD/NRNEERPSEESHRYE, EXESEEHN
BRT, BEREEILENIFEEN2-4A,

5 AEERBEM, NOD/NERABINEEES L, NOD/NESARBESHE, HEIEERBLFIENE
SAEMB B RNMETHEEMN, ErBMEBREHLAM,
NOD/NEERFRFRMAREEERABPENEIIZES, BERARFREBLRFES., NOD/NR3-5FREFF
BRHIESTAREE, 212ERNENMERPIEERESDXK.
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NODf MR M /NE BN S IMES 3 F KL12BFM15B 8 FFIR[2-3], E20F KRR, J0%NEM KR SE5HE
Ri%E, MRAS0%HNODER EEERE.

BBXE

BB (Bio-breeding) AKERXBIZRZWistarKE, METHR MR, TRXZE BBDP/WorfliZ3x R
BBdp. BBAREATAMKBME S RRERRFER, HISMTEERS BESNANSSRIFRIBIIE,
ERRESBEMZHESSNEIZER,

BBAXRAEFSERAREMAERR. Bk, SMEMNRSZRME, MEKEHBEERD[2,4]. SNOD
INEAE, BBREEERTSIEETE, BREAXD—H, DAERBRSERET. BBREAES-16BRAE
BIFEE, Hh3RIRA0%SRKEMARERE, BMFBEEER4]. ARRFEILZAN2-3BARNKER

KDPXE

KDP (Komeda diabetes-prone) XEZLETL (long-evans tokushima lean) XBH— P TR, HEE
RBAIBI BB RBREIR, WERBRAERRE, KRALUINER, RERENTARBLD . XSHNWERI
TPEEFSEENKREARBSARDS (BBX) , HPLY80%MmME220HEAE LERE. KODPXRER
HEeBSRRMER, THEBS 2R RRRERIER[5],

Lewis-IDDMXE
Lewis-IDDMA B H LEWABMHCEER B AT MK, EEMHCEERLEW.1ART,

Lewis-IDDMARESREXREMMRZE, KEBRRXNISPAMMERT . HENBERFBMELIES-9F
B, USIMMEMRER. BRR. SRAGE. &9, BRENRKBENN20%, ZEH—SEFEEHE, BEL
SRR Z60% L A[5].

5NOD/NRHIBB-rattfi/k, LEW-IDDMARREHMBESREMER, HERHAFEHERFIEE,
Lt o] i TR AR PRm R E[3-4]

HEHYFESER

EANZHUENOUENYERFTLAERE. ARRSHENERNRMLEY NI RRRERR
(Streptozotocin, STZ) MMWUEEIE (Alloxan, ALX) , EFEXUSTZESREH. STZHALXE R EE1E
N, SMELPAMINEERZZELACLUT2EER, RESEBRLSPRAR/IFERSFEIR, BUE/N
REERZEERENR, FULSMBENTER R, NMEWEBERFNEEERK.

58AMESRRMRRFEDNMERAL, KZAYFESKEENERKERUTNE, MERAENRIE,
ERRTMEN AR BARZMETIEZNERRE, LNHFERESRTENESBETESE,
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#£R{EE R (Streptozotocin,STZ)iFESER

B REREESY (ip) SEEESY (iv) /%), BEGLUT2HANRERBAR, SEDONANKREL. BEH
JEPARPSEINAD+HHEFEIEM, MBATPRELD, REERBEEZIMFI[2],

STZESEBEEBEXMT AXKIERERE, FEEMEREEX,. BEXNRERBRRZTIE, JAESHARIIA/NR
mA PO FNMIRERF SRR, NMHTRERE. BPREHRHBIE,

AESTZEBE—ENEEY, EEUEXRDIRSSESHEMARMENLE.

B cell population Necrosis and elimination

by macrophages

B cell mass reduction

v
Insulin insufficiency

% v
< €«——— Chronic hyperglycemia

Residual B cell population s Q Healthy B cell
[ s 1 STZ destructed B cell

i Hyperglycemia-impaired £ cell

Figure 2. Partial destruction of B cell population by STZ andreduction in B cell mass that induces
insulin insuffciency and chronichyperglycemia.[6]

&R (Alloxan,ALX)iESE R

ALXESRERBEE MALF T 225 5 A M R EI N SRR I & BNEE, UREBENTERMN,
SHPAMMDNAKIR, RAFPAMATLT ., ALXTE2DHAMABRKIEER, RELBHNENIVRRNAE
o EMEY P ESEMS MELE,

ABALXNEBRERFHEBORE, EERPVONELDHMOUSIERANSYE, £33 2BHEME5],
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Chemicals Species Dose(s) (in mg/kg)
STZ Rat 35-65 (iv. ori.p.)
Mice 100-200 (i.v. ori.p.)
Hamster 50 (i.p.)
Dog 20-30 (i.v.)
Pig 100-150 {i.v.)
Primates 50-150 (i.v.)
ALX Rat 40-200 (iv. ori.p.)
Mice 50-200 ({iv. or i.p.)
Rabhit 100-150 (i.v.)
Dog 50-75 (i.v.)

ALX: Alloxan, STZ: Streptozotocin, ip: Intraperitoneal, v: intervenous

Table 2.The animal species, dose and route of administrationrequired for chemically inducing
diabetes.

EEESER

BERRBANARBRBRESKRNEZERERZ—, RERANKESEEESRRBENAE,

Akita/h\§E

INEEAXARE, NEEBRNMERZERE: Ins1fIns2, Akita/NEtIins2BBsXMODY4R, B F7S
FEBANINQ2EFRREEMHENRT, ARTEMERT, ZEHRI1907UNGRT A, BRTIHEF3IF
AIFNUAHIAL R . IZR B HARE D RAR TN EEPEERCYsI6 (TGC) TATyr (TAC) , SEIns2BIA
PEANBEZ BN — N XB_HRBELEER, MNMSHproinsulin-2EZHWEIRIFE., HRIFEEAEANRN
(ER) hEE, HTHEMNEMENER, XEFEANNEREXSSHARMESFMBMEMET,

AR EMRE RO BIRAT www.modelorg.com 400-728-0660 5/7



\SGLLEX]

HHHHHHHH
MODEL ORGANISMS

Normal AKITA mice

Mutation in insulin 2 gene
S cell ER lumen 5

Normal insulin  Incorrect proinsulin
processing

!

Misfolded protein
aggregation

|

ER stress

Insulin production f3 cell death

Figure 3.Akita/NB EfFE KRR

AkitaREF/INERETFENREBRABERERE (M3-4FRFIR) , USHE. RESRIVE. ZRNZS
IENRE. Akita/NERIEBIRFNEERRE, ALK, HEHNRENTENSMAEE, mEENE
MEFASUNAMEENEBABE, XoTEEHTHHRNFRIPER[7]. AkitaB@ESFNREARATFREERS
fr, ROFEEE12/,

AkitaR B F/NEAFTEINRE SN ITRELERE KRR, EUFAMFSEENEREANR, BIEEES
MAZEMRAYSHESBEEAXTHRD ., At/ NEERIBEERFNERZ—, F32BTHRBAR
PR LA TE R PRI A LR TP B9E AR .

TREE T IEREREERAX/NEERNERRE:

IRERFEE TIDE#E  ERE#H ®E4ARss XHRIHWRE ANERSWR
NOD/ER B& 12-308i iE Tk o]l

BBA R BE 8- 16k £ Tl Tl

KDP B BE #3883 i kA B>
LEW-IDDM* R B& eIk Z Tk 7L
BHIESTZES FE BHEJLR z WIER WIER
EFESTZES R LHREILER & & &

AXIES BE sHREILR & = )

Akitas MR B& RS lig & WIEHR &

XFIEBERFERENNBENRIXE, THERNEBESNBXTFAKta/NENERENE, YUREEEYE
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FHABNINS2-(CO6Y)NRER (SAkita/NEEEE—X) , RFEEIY!

References

[1] Weng J, Zhou Z, Guo L, et al. Incidence of type 1 diabetes in China, 2010-13: population based
study. BMJ. 2018 Jan 3;360:j5295.

[2] Kachapati K, Adams D, Bednar K, et al. The non-obese diabetic (NOD) mouse as a model of
human type 1 diabetes. Methods Mol Biol. 2012;933:3-16.

[3] Mathews CE. Utility of murine models for the study of spontaneous autoimmune type 1
diabetes. Pediatr Diabetes. 2005 Sep; 6(3):165-77.

[4] Al-Awar A, Kupai K, Veszelka M, et al. Experimental Diabetes Mellitus in Different Animal
Models. | Diabetes Res. 2016;2016:9051426.

[5] Dhuria RS, Singh G, Kaur A, et al. Current status and patent prospective of animal models in
diabetic research. Adv Biomed Res. 2015 May 29;4:117.

[6] Wu J, Yan LJ. Streptozotocin-induced type 1 diabetes in rodents as a model for studying
mitochondrial mechanisms of diabetic B cell glucotoxicity. Diabetes Metab Syndr Obes. 2015 Apr
2;8:181-8.

[7] Le May C, Chu K, Hu M, et al. Estrogens protect pancreatic beta-cells from apoptosis and
prevent insulin-deficient diabetes mellitus in mice. Proc Natl Acad Sci U S A. 2006 Jun
13;103(24):9232-7.

EEmAEREMRR BN ERA D www.modelorg.com 400-728-0660 717



