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Establishment of a rat model of congenital abnormalities of the kidney and
urinary tract in offspring due to gestational diabetes mellitus
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[ Abstract]  Objective To explore the feasibility of establishing a rat model of congenital abnormalities of the
kidney and urinary tract (CAKUT) in offspring due to gestational diabetes mellitus (GDM ). Methods Thirty naturally
conceived SD rats were randomly divided into five groups by the concentration of streptozotocin ( STZ) administered through
a single intraperitoneal injection on day 1.5 of gestation; 30 mg/kg STZ, 35 mg/kg STZ, 40 mg/kg STZ, solvent control

(injected with the same dose of sodium citrate buffer) , and blank control (not injected with any liquid) group (n=6 in
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each group). Weight, blood glucose and abortion of pregnant rats were monitored during pregnancy. On the first day of
delivery, the survival rates of offspring were calculated. Offspring were dissected and assessed for abnormalities of the
urinary tract. HE staining of cross-sections of the offspring was performed, and renal and ureteral abnormalities were
observed and recorded in multiple sections. Renal cortical thickness was measured in offspring. Results  Ureteral
dilatation and effusion (bilateral up to more than three times of unilateral) and renal dysplasia were observed in 30, 35 and
40 mg/kg STZ groups, and the total rates of ureteral effusion were >70%. HE staining revealed dilatation and effusion of
the ureter, dysplasia of the ureteral wall, thinning of the renal parenchyma, and a reduction in the renal cortical thickness
('more than 20% reduction compared with the blank control group). The blood glucose of all three groups reached the
modeling standard, among which the mean blood glucose of the 30 mg/kg STZ group was lower than that of the 40 mg/kg
STZ group (P<0.05). Blood glucose in the 35 mg/kg STZ group was lower than that in the 40 mg/kg STZ group during
early pregnancy ( P<0.05), and there was no difference during middle and late pregnancy (P>0.05). Only pregnant rats
in the 40 mg/kg STZ group aborted (33.33% abortion rate) , and survival rates in all three groups were lower than that in
Establishment of a CAKUT model in offspring of GDM rats is feasible,

and one intraperitoneal injection of 30 mg/kg STZ on day 1.5 of gestation in SD rats safely and stably causes ureteral

the blank control group (P<0.05). Conclusions

effusion (unilateral or bilateral) and renal dysplasia in offspring.
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Figure 1

[ustration of renal cortical thickness measurement modality
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Table 1 Weight of pregnant rats in each group at different periods

ikl SEH(n) Z1.54d 43.54d 246.5d 49.54d #1254 Z15.54d Z18.54d
Groups Total number E1S E 3.5 E9.5 E12.5 E 15.5 E 185
4]
STZ 30 me/ ke 1 241.67£11.69  251.67+16.02  251.67+7.53  261.67+£7.53  273.33x5.16  295.00+18.71  336.67+12.11

30 mg/kg STZ group
STZ 35 mg/kg 4

6 240.00£15.49  246.67+17.51  260.00+23.66 278.3318.35 280.00+20.98 293.33+19.66  338.33+23.17
35 mg/kg STZ group
STZ 40 mg/kg %
me/ kg 21 4 240.00£8.16  247.50£5.00  252.50£5.00  258.75+6.29  270.00+8.16  292.5+9.57 322. 50+5. 00
40 mg/kg STZ group
peaynlpayiit]
AR AL 6 243.33£5.16  251.67+7.53  258.33+7.53  268.33+7.53  276.67+5.16 301.67+7.53  346.67+16.33
Solvent control group
=it
AL 6 238.33+4.08  246.67+5.16  253.33:5.16  265.00£8.37  270.00+6.32 293.33%5.16  340.00+10.95
Blank control group
Fz2 A FEEHLIOREXT EE (mmol/L,n=6,x+s)
Table 2 Comparison of random blood glucose in each group of pregnant rats
215 Z1.5d Z#3.5d Z16.5d Z49.5d Zz12.5d Z115.5d Z218.5d
Groups E15 E3.5 E6.5 E9.5 E12.5 E15.5 E18.5
STZ 30 mg/kg 41 . . . .
mg/kg 2.82+0.88  19.77+1.23°  20.82+2.39°  20.87+2.51°  21.60+1.49%  22.48%3.15%  22.62+2.84"
30 mg/kg STZ group
STZ 35 mg/kg 41 .
me/kg 3.83%1.00 22.68+2. 17"  22.92+2.99%  22.58+1.17°  24.88+3.96"  22.63+3.37%  27.82+3.55"
35 mg/kg STZ group
STZ 40 mg/kg 41 . . .
m‘g/ & 3.23%1.45 29.63+2.90* % 29.60+3.17*% 32.30+1.75°% 30.37+2.85"% 30.02+2.81*" 31.17+3.35"%
40 mg/kg STZ group
X RR
o 3.17+0. 87 5.67+0.71% 5.88+0.38% 6.17+0.71% 5.90+0. 65 5.57£0.81%  5.37+0.59%
Solvent control group
75 HX IR
ZH 3.4520. 40 5.78+0.67% 5.97+0.80% 5.52+0.60% 5.58+0.55% 5.57+0.63%  4.98+0.37%

Blank control group

G2 X IRAAM L, * P<0.05;5 STZ 30 mg/kg ZHAH L, © P<0. 05,

Note. Compared with the blank control group, * P<0.05. Compared with the 30 mg/kg STZ group, © P<0. 05.

®3 PRFUEEI (n=6)

Table 3  Abortion of pregnant rats

R4 BATFRAEER

Table 4 Survival rate of offspring rats in each group

B {HKLF:H;&(H) (ﬁF% e fj:'ff%&(ﬂ) {ﬁ'ffﬁl(n) ﬁ(ﬁ%
A5 - 2H 51 .
G ) Number of Miscarriage G ) Number of Number of Survival
roups abortions rate Toups births live births rate
STZ 30 mg/kg 241 STZ 30 mg/kg 2
30 mg/kg STZ group 0 0 30 mg/kg STZ group 80 & 91.25%
STZ 35 mg/kg 4 STZ 35 mg/kg 2 0
35 mg/kg STZ group 0 0 35 mg/kg STZ group ” n 89. 87%
STZ 40 mg/kg 4 o STZ 40 mg/kg 2 o
40 mg/kg STZ group 2 33.33% 40 mg/kg STZ group = » 86. 67%
TR X IR 2 0 0 s opiicE| 77 76 98. 70%
Solvent control group Solvent control group ’
ZE X IR 0 0 25 R AR AL 7 70 97. 2%

Blank control group

Blank control group
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TRUE 1T AR AR T HE % (54 5 K LR 3A,
STZ 30,35 ,40 mg/kg 3 2H 5 UL 52 3 iy IR AE 9 7K AR
K, FEBEAR(KE3B),

S5 A R fe2s A R A Ee, STZ 30,35,
40 mg/kg 3 HFRE LT LB AR, K AR (&
4A 5l 4B)  FiIRE S FH, RN ERELETA

K, 4028080 (K 4C 8 4D)
2.5.2  FAUE R BRI

A 1.3.4, WA S fiR, STZ 30,
35,40 mg/kg 3 ZH B Bz Jou J5E B R PR L AR A 0 2% R
(P>0.05) ; W50 FRAL S 25 3 % R4 R Joi 5 i I 22
S (P>0.05), STZ 30.35.40 mg/kg 3 20439 5 2%
I IR AT PR LG, B R o T B 389 /N1 28 R
T84 (P<0.05) ,JEREE WD 844 20% V) I,

A ER R B OSUINE PRERUK ; C . sl R

BUK. — JIRE .
B2 TR RE A

Note. A, Normal ureter. B, Bilateral ureteral effusion. C, Unilateral ureteral effusion. —, Ureter.

Figure 2 Illustration of the ureter of the offspring rats

RS5O T RUERIRE BUKNE

Table 5 Ureteral effusion in surviving offspring rats

131 FAIBUKEL XUBUKEL HMBUKREL IEHEL
(; Unilateral ureteral Bilateral ureteral Total ureteral Normal ureteral

roups effusions number effusions number effusion number number
STZ 30 mg/kg 41 30 mg/kg STZ group 13(17.8%) 45(61.6%) 58(79.5%) 15(20.5%)
STZ 35 mg/kg 21 35 mg/kg STZ group 10(14.1%) 44(62.0%) 54(76.1%) 17(23.9%)
STZ 40 mg/kg 41 40 mg/kg STZ group 7(17.9%) 26(66.7%) 39(84. 6%) 6(15.4%)
TR BRZ Solvent control group 0 0 0 76(100% )
25 FXF R4 Blank control group 0 0 0 70(100% )

TE: () : AR L,

Note. (), Proportion in its group.

TE AL TR B SR B RS BUK AT AR,
B3 FRE TR 2R B (HE defh)

Note. A, Normal kidney and ureter. B, Ureteral effusion and renal dysplasia.

Figure 3 Cross-sectional panoramic view of the kidney hilum of the offspring rats (HE staining)
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T 2 7 IR A STZ 30 mg/kgi STZ 35 mg/kgi STZ 40 mg/kgi
Solvent control group Blank control group 30 mg/kg STZ group 35 mg/kg STZ group 40 mg/kg STZ group

N

: B - J LR e S =
ST g, % ol 2 RIS 100 pm

TEA BT TR ; C D P M R A B

4 THUE SRR (HE Q)

Note. A/B, Cross-sections of the kidney hilum. C/D, Cross-sections of the extra-renal ureter.

Figure 4 Kidney and ureter cross-sections of offspring rats ( HE staining)
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Figure 5 Renal cortical thickness in offspring rats
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;1M STZ 45 mg/kg e DL 1 ¥k B 20 L, Bt AL 1t o
Sy B ARSI 2 Y el ( >33. 3 mmol/L) , HA R 5
T T BUE R B A7, B STZ VR B 5 Sy 30,35,
40 mg/ kg, — U M I 3 SR AU D %o 2 R R
STZ W MG IR ER 2 vhil (pH 4.2 ~4.5) , 0%
BTN B AR A AR R, AT
R PR BUK R W e o R R A 1 5 s R R
ToZ R HEGR TR TR T4,

RS TR O (1) 42 . STZ 30,35,
40 mg/kg 3 AR =27 EREF R PR, 2=
ZE W ST R W S AHL [ ER [E) A5 5 428 BRUAR R TE 25 5%
FEIC—/b7 [ B, 3 5 B0 R A T ERTE T AT
Al T A1 Sy 2 IR A R 1 S FE Fh 20k 2 ke AR,
TR Rk D I T Ge T2 B S, X T 22 B BE HIL Il
Wi, STZ 30 mg/kg 41K T 40 mg/kg 41,35 mg/kg 4
540 mg/kg HAEZE M TR iH %22 % (E 12.5
FIE 18.5 B, P>0.05) , Kt 30 mg/keg B finZe4:, H
AEAZ T & AR T 16. 7 mmol/ L FFARIE 105 5 Wy
kA, S 40 mg/kg 434242 U TS, T
AL STZ Fha T =3, Beab, TS5 & B,
PRI R 240 ¢ LI I, 0] S 2 4R 44 70 2 44 5 i
2 AR m BRI s, S B i, (2) TR TE
STZ 30,35 .40 mg/kg 3 2H ¥ Bl H UL %S 31 i ik 4 ALK
(AU SR ) KRB AR AT GDM X148
WAIR R G HE W AE FH , STZ 3 #4220 19 T BUIE 1% 8
REAVR, P 0 T B A A R U0 3 0l W 1 i R
STZ 3 55 41 ¥ B PR A8 FRUK A8 B LG B B Jo J&E
T2 5 VRIS B Y STZ ¥ B B 5 7 S0 50R:
LI 2, 3 AR R Y IR BUK S R A Y
8 70% , 7675 T Hokke 25" 438 T BB A1 DR S5 by
T3 26% , B A AR RS BLAR 35 e WY B0 R e Ve fH
R REBILHENEZESG RS EERIRE S
WA , W RE A AR A B AN g AR 2% RN W) 3
I RZB Y CAKUT s R 45 84 53 R J 22 52 596 1Y
Tz —, % PRAE BB R IY BB R SOW 25 4
ARG SR 5T L S AL, B TS
T FE 95 B0 Pk A AL NF-B 3 | Pax2 3%
7 SHH B EAE BB R AR 2, 17 IS 25k
[ ayEy

AR SR AT N GDM 22 fR A
ARV, 7V BE R o RIS O BRI IR R 48
WA LSS T AT T 0F5E, BARAE 7 BRUh (W 5
| CAKUT Fifh b i IR Y i BUK B R B A

R, (E i A P | ] J00E rpr P A R ]
R FSE BE E BL Al AR IS SRR RS v A DR
HHRRE TR =EEZ T/ MIRE 2 RTE
CAKUT Aty 95 T i) 2% 428, 8 378 R B sl P e
Y ]IS AR G BE A B, N RNA 2R (38 % 55 7 T
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