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ABSTRACT

The study was to develop a mouse model of non-insulin-dependent diabetes mellitus (NIDDM) that similar to human
clinical pathogenesis. Fed three week-old C57BL/6J mice with chow enriched in sugar and fat for 3 weeks, then
injected those mice with Sreptozotocin (STZ, 125mg/kg) and continued feeding for 4 weeks. After 7 weeks high fat
diets, the blood glucose concentration of mice in high-fat-STZ group reached the standard of NIDDM mouse.
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INTRODUCTION

Non-insulin dependent diabetes mellitus, namelylthgpe diabetes, is the most common form of hurdabetes.
More than 90% patients with diabetes are non insdéipendent diabetes in the world. Therefore, tabéish an
ideal animal model of NIDDM is significant in stedi of pathogenesis, drug action and drug screeflihiz.
research, in which we used high fat and sugar haderfeed and Streptozotocin (STZ) to induce NIDDiviice,
is reported below.

EXPERIMENTAL SECTION

The study was approved by the animal ethics coramitf life science and engineering college,Southdiastong
university.

1.1 Reagent

Streptozotocin (STZ, SIGMA 2Aldrich Inc. USA), batdNo.053 k1569; Citric acid (Chengdu Honghe chemica
reagent factory), batch No.20040821; Insulin kigi{ig north biotechnology research institute) ,chaNo.0403053;
Glucose GOD2PAP method detection kit (Sichuan Médahnology Co., LTD), batch No. 0404071.

1.2 Animal
Clean level C57BL/6J mice were obtained from Shand@lack experimental animals co., LTD at the af& o
weeks, qualified number: SCXK (Shanghai) 2003-0003.

1.3 Chow

Chow (regular chow) was provided by the Sichuamaogy of medical sciences test animal researchurestiHigh
fat and sugar chow was made according to the fatowm from Chengdu phargentech co., LTD. and J. [1jo
component content (%) was shown in table 1:
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Table 1 Chow formulation of high fat and sugar

Component Percentage( % )

Sucrose 10
Malto-dextrin 28
Lard 30
Casein (75%) 27.5
Choline chloride 0.12
Salt 0.1
Methionine 0.24
Multidimensional 0.04
Mineral additives 4

1.4 Instruments

SN2695B intelligent radioimmunoassay meter (Shangheear institut Sihuan photoelectric instrumeat, LTD.),
sensitivity: lum/mL BASIC semi-automatic biochenti@nalyzer (France SECOMAM company); ACCULAB
electronic balance (Beijing Dolly instrument system., LTD); HANGPING2JA5003 type electronic balance
(Shanghai balance instrument factory).

1.5 Methods
1.5.1Animal feeding

All mice were reared in IVC barrier system, 5 migeach box, temperature: 22€3 relative humidity: 50%~80%,

illumination: 12hours in light/12hours in dark @ihination intensity: 150 ~300Lux). The mice werd fgy sterile
water and irradiated chow.

1.5.2 Blood glucose determination

In non-fasting condition, by tail-cutting methodhder constant temperature (range 25+R8athered 200~3@Q
blood by 100QL micro sampler. Placed it in 500 plastic centrifuge tube and separate serum wethtrdfuge at
speed of 12000round/min for 5 minutes, then putl 1€erum into a glass tube and added 1@0glucose detection
reagent, then put the tube along with its rack electric-heated thermostatic water bath atl 3@r 10 minutes.
After the steps above, we tested the blood glusasige with the semi-automatic biochemical analyzgmanual
injecting 500uL sample.

1.5.3 Insulin determination
Through the Radioimmunoassay, use the serum thfroen the 1.5.2 to determine the serum insulimtligent
radioimmunoassay meter.

1.5.4 Citric acid preparation

Placed 210.14mg citric acid weighed by electroratabce in a 50ml breaker and added 20ml saline diygu
suction pipette, then mixed evenly and filtered ¢itec acid to gain the target citric acid solutfoconcentration:
0.05mol/l, pH: 4.5).

1.5.5 STZ preparation

Placed 33mg and 36mg STZ weighed by electronicnioalan two 25ml breakers respectively, and addet 6m
prepared citric acid solution by using suction figpento each breaker, then mixed evenly and &liethe STZ to
gain the target STZ (concentration: 110mg/kgBW &486mg/kgBW). Through the same way with 43mg, 51mg,
60mg STZ and 10ml citric acid solution we gained target STZ( concentration : 130 mg/kgBW, 153mBikg
and 180mg/kgBW)[2-3].

1.5.6 STZ dose screening

Streotozotocin (STZ) is a broad-spectrum antibjatiich has anti-tumor activity, antibacterial &itti and the side
effect of inducing diabetes. Moreover, it has higdelective toxicity to the islet beta cells ofpeximental animal.
Although there are many reports about the killifigat of STZ to beta cells, the mechanism is ndirely clear.
Blondel and his partner observed through the ligitroscope and found that STZ can destroy islea loells
directly, the mechanism of which may be as followgecting Wistar mouse with 65mg/kgBW STZ, and man
necrotic islet bata cells can be seen after 7 hdims number of beta cells was significant redu@éa residual beta
cells are almost completely degranulated. Due &lénge number of beta cells’ destruction, the tsysis and
secretion of insulin are reduced, which cause tharder of glucose metabolism[4].

According to the literature, the dosage of STZ k&g point in developing a model. The purpose fdting STZ is

to damage the beta cells selectively so that theeien of insulin is not enough to maintain théabae of blood
glucose. High dosage of STZ can damage the inbelia cells completely and leads to a type | diahethile low
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dosage may not damage the beta cells and caukekhsecretion of insulin [5].

According to the pre-experiments, the doses ofaug@nous injection in mice are 110mg/kgBW, 120mgik§B
130mg/kgBW, 153mg/kgBW and 180mg/kgBW.

We randomly divided 105 C57BL/6J male mice accadmtheir body weight into 7 groupswhich were 5 dosage
groups, 1 citric acid group and 1 control groupcfegroup contains 15 mice), and injected them @Z
according to their body weight in non-fasting cdiudi. When the concentrations of STZ were 110mg/MbgB&nd
180mg/KgBW, the injected dose should be 0.2ml/10gBWen the concentrations of STZ were 130 mg/KgBW,
153 mg/KgBW and 180 mg/KgBW, the injected dose #hbe 0.3ml/10gBW. The injected dose of citric agidup
should be 0.2ml/10gBW. Taking blood by tail-cuttiagd testing the non-fasting glucose in each ganghe 24h,
7% and 14 day, respectively.

1.5.7 The development of animal model with lI-tyfiabetes

75 C57BL/6J mice (at the age of 3 weeks) were adaptfed for a week and randomly divided into Sgps
according to their body weight. Each group contdifsmice, where A, B groups were given normal digtD
groups were given high fat and high sugar diet iBo irradiation). All mice drink normally. Three weelater,
took blood by tail-cutting and tested the non-fagtiglucose. When mice were 7 weeks old, we applied
intraperitoneal injections with STZ 125 mg/kg (& thol/L lemon acid buffer solution configuratior group B,
vehicle (0.05 mol/L, citric acid, pH4. 5, same vokl of group B) to group A, STZ 125 mg/kg BW to guoD,
vehicle (same volume of group D) to group C. Gré&jghe mice in which were fed by regular chow wasmal
control group[6]. Then all mice drank normally fdr weeks, then took blood by tail-cutting and tested
non-fasting glucose in each group at fhel® and 4" weekends of the 4 weeks mentioned above.

1.5.8 Experimental statistics

All the date was showed by mean + standard devia(t?é +S), and analyzed the variance with statisticsvean
SPSS10.0. Then we used the g test to reveal thgparson between groups. WherxB.05, the difference was

significant, when R 0.01, there was extremely significant difference.

1.5.9Animal welfare
The mice were killed by cervical vertebra dislooatithrough which the suffering can be ameliorated.

RESULTS

2.1 STZ dose screening
The results are shown in table 2 and figure 1
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Figure 1 Serum glucose concentration before and &it STZ injection (mmol/L )
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Table 2 Serum glucose concentration before and aftSTZ injection (mmol/L )

n 1d 7d 14d
Control group 15 10.12+0.57 9.35+0.86 9.85+0.72
110 mg/kg BW 15 10.99k:31 10.48+1.72 10.53+1.85
120 mg/kg BW 15 10.02k:16 10.23+0.89 10.84+0.92
130 mg/kg BW 15 10.86*97 11.27+1.05 11.83+1.12
153 mg/kg BW 15 11.861:35 12.95+2.27 14.45+3.02
180 mg/kg BW 15 18.73+3.56 26.92+1.47 27.36+2.45
Citric acid 15 10.82+1.12 10.35+0.86 10.14+0.68

From the results of this experiment and the bldodagse of the mice, we can see that the dose wWithgg&gBW is
a little bit high, so that it may cause the damafbeta cell of islet. In the formal experiment imgected the mice
with 125mg/kgBW STZ. The collocation is as followlaced 41.67mg STZ weighed with electronic balanca
25ml breaker, and added 10ml prepared citric agidtisn by using suction pipette into each breakeen mixed
evenly and filtered the STZ.

2.2 The changes of blood glucose levels beforeafted injection of STZ
At the end of the experiment 10 mice were dead.rékelts are shown in table 3 and figure 2.

Table3 Rat Serum glucose concentration before andtar injection with STZ

Treatment n 3rd Weekend 4th Week_end 5th Week(_end 7th Week(_end
(Pre.-STZ) (1 week afteri.p. STZ) (2 weeks afteri.p. STZ) (4 weeks afteri.p. STZ)
Control group 15 9.86+0.92 9.94+1.03 10.15+1.21 991811
Normal- citric acid 14 9.94+0.89 10.11+1.07 9.6541. 9.82+1.13
Normal-STZ 12 10.04+1.27 10.37+1.14 11.15+1.47 201725
High-fat -citric acid 13 10.28+1.30 10.73+1.24 10.55+1.07 10.27+1.45
High-fat-STZ 11 11.21+1.66 11.47+2.94 12.47+2.12 12.92+2.91

Compare with other groups: *P <<0.05, ** P<<0.01
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Figure 2 Change of rat serum glucose before and &fti.p. STZ

At the 3% 4" 5" 7"weekends, the blood glucose values of mice in Fa#STZ group were significantly higher
thanwhich in normal-STZ group at the same period. &t%A and 7' weekends, the blood glucose values of mice in
high-fat-STZ group were significantly higher thahigh in high-fat-citric acid group at the same pdriAt the 7'
weekend, the blood glucose value of mice in norrR®IZ group is significantly higher than which ineth
normal-citric acid groupBlood glucose valuef mice in high- fat-STZ group has reached theddath of C57 mice
non-fasting glucose.
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Figure 3 The intake of feed (A), water (B) and semm insulin concentration (C) of 4 groups at 7th wele

2.3 The changes of food intake, water intake angnsénsulin concentration
The results are shown in table 4 and figure 3.

Table 4 Food intake, water intake and serum insulirtoncentration

Treat t Food intake Water intake Serum insulin
reatmen " (g/d/gBW)  (mLidig-BW) (puUimL)
Control group 15 0.20+0.02 0.19+0.06 9.60+1.23
Normal- citric acid 14 0.19+0.03 0.19+0.05 9.8541.4
Normal-STZ 12 0.2240.04 0.19+0.04 8.31+1.40

High-fat-citric acid 13 0.12+0.02 0.17+0.03 9.7093.
High-fat-STZ 11 0.13+0.03 0.05+0.02 10.38+2.46

Compare with other groups: *P <<0.05, ** P<<0.01

From table 4, we can see that there was no signifidifference in food intake and water intake le&tw4 groups
and the serum insulin concentrations got no obviteference.

2.4 The changes of body weight before and aftectign with STZ
The results are shown in table 5 and figure 4.
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Table 5 Body weight before and after injection withSTZ

Treatment n 3rd Weekend 4th Week_end 5th Weeke;nd 7th Weeke;nd
(Pre.-STZ2) (1 week afteri.p. STZ) (2 weeks afteri.p. STZ) (4 weeks afteri.p. STZ)
Control group 15 23.46+0.82 24.05+0.89 24.62+1.03 6.52+1.17
Normal- citric acid 14 23.28+0.86 24.0+0.91 24.8249 26.45+1.12
Normal-STZ 12 23.31+1.29 22.98+1.36 23.91+1.44 251480
High-fat -citric acid 13 23.66+1.34 24.10+1.42 27471.57 27.01+1.47
High-fat-STZ 11 23.69+1.41 23.28+1.45 24.16+1.50 .88%1.89

Compare with other groups: *P <0.05, ** P<<0.01
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Fig.4 Body weight before and after injection withSTZ. (A) 3 weekend (before i.p. STZ), (B) 4" weekend(1 week after i.p. STZ),
(C) 5" weekend(2 weeks after i.p. STZ), (D) 7" weekend(4 weeks after i.p. STZ)

From table 5, we can see that there was no signifidifference in body weights between 4 group® Whights of
mice injected with STZ were relatively lower, bhetdifferences were not obvious between groups.

DISCUSSION

Presently, there are mainly 4 kinds of animal madél-type diabetes, includinghemical damage caused, fattening
caused, spontaneous caused and STZ and fat degccamimal model. There are some problems witHdimer
three methods, for example: it is difficult to cantthe STZ’s dose when developing chemical damemesed
model [7-8], fattening caused model has a high ahimortality (about 70% [9])spontaneous caused model is
scarce and expensive[10-12]. These problems lintitedipplication of these methods in the study IGFDM.

C57BL / 6J mouse model of lI-type diabetes induggdHigh-fat diet and STZ is numerously studiedanant years,
which is regarded as an ideal animal model of pletydiabetes. C57BL/6J mice, which are inbred midh w
abdominal obesity and II-type diabetes genetic ippaition, possess ob/olgenetic background and they are
sensitive to blood glucose rise caused by fat. kngn high-fat and high-sugar diets can induceyplet diabetes
which is similar with human NIDDM [13-15].

This research shows that blood glucose values oé mith STZ injected and fat fed are significartigher than
those in other groupand reached the standard of non-fasting glucodeetiia (11.0 mmol/L)whereas there are no
significant changes in serum insulin level appesdsne research reported that injecting STZ couwld tae level of
serum insulin to decrease sharply so that it camnaintain the balance of blood glucose and finggt a
hyperglycemiaduring the process of its growth. But this kindnabdel is not identical to clinical features [16-18]
According to this experiment and previous studigh-fat feed and STZ are necessary to inducep® tifabetes in
C57BL/J mice. High-fat diet can enhance the saiitsitof mice to STZ and increase blood glucose hade no
influence on islet functionThis is consistent with morphology observing resoftnormal pancreatic tissue [19-22].
Some reports suggested that the increase of inkwél caused by fat-feeding was to overcome inswdsistance,
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whereas STZ inhibited the ability to maintain highels of insulin in the body, so serum insulin weown to
normal level and the ability to balance blood gkedecreased significantly [23].

In existing reports about this method, the serusualin turns to be obviously increase or non-inceedsis research
shows us that serum insulin levels have no obwibiffisrence between experimental groups and normmalps.The
increase of serum insulin mentioned in reports atstmuld be relevant to the prescription of the Hathehow or
the dose of STZ. If the percentage of fat was tigh In chow, animal could be excessively fat @acdells of islet
could secrete insulin excessively which led a giesrresistance to insulin and finally caused a tigpalinemia. In
this paper, the proportion of chows is as follofes: 30%, protein 27.5%, while in mentioned repoftd: 61%,
protein 45.5%, etc. If the dose of STZ was too Iserum insulin would increase. After comprehensinalysis, we
suggest that the increase of serum insulin levedsils happen after the middle stage of ll-type étab, and during
the early onset, the blood glucose increased vitndlelin levels maintained in the normal range, this consistent
with the actual onset condition of human NIDDM pati

During the whole experiment, the blood glucose igh¥at fed and STZ injected mice rose slowly, whihe
increase of body weight was similar to the congnalup, food intake and water intake had no obvioasease. At
the end of the experiment, the blood glucose leokS857BL/6J mice were high while insulin levelaytd normal.
The whole process of metabolic changes slowly andery close to natural pathogenesis of human NIDDM
patients.

CONCLUSION

High fat diet and STZ are necessary to establisitiDdDM model, the blood glucose of mice with high-faed and
STZ injected rises slowly while the weight gaire flood and water intake having no significant clengompared
to the control group. At the end of the experiméimt, blood glucose of C57BL/6J mice comes to hegrell while

insulin’s normal. Besides, the whole process ofainelic changes slowly and is very close to natpedhogenesis
of human NIDDM patients.
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