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Effect of Zuogui Pills on ultrastructure and oxidative stress of pancreatic p cells
in gestational diabetes mellitus model offsprings based on Pdx1 pathway
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Abstract: Objective To observe pancreatic development in the offsprings and investigate further effect of pancreaticoduodenal
homeobox 1 (Pdx1) pathway on the ultrastructure of pancreatic 3 cells and oxidative stress in gestational diabetes mellitus (GDM)
using a streptozotocin (STZ)-induced GDM model, Zuogui Pills (/- )3 #L) were administered during pregnancy. Methods Pregnant
rats were divided into control group, model group, detemir insulin (15 U/kg) group, and low, medium, and high-dose Zuogui Pills

(0.95, 1.89, 3.78 g/kg) groups, with six rats in each group. Except for the control group, the others were established by intraperitoneal
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injection (ip) STZ on the third day of pregnancy (E3d) in pregnant rats. Pregnant rats in the control group were given an equal volume
of sodium citrate buffer. The formation of the GDM model in pregnant rats was determined by measuring fasting blood glucose. Except
for the control group and the model group, pregnant rats in the remaining groups were administered once daily from E6d until delivery.
After pregnant rats delivered naturally, the offsprings were fed by their mothers until they were weaned at 21st d (B21d). One female
and one male offspring from each group of mothers were randomly selected to form control group, model group, detemir insulin group,
and low, medium, and high-dose Zuogui Pills groups, with 12 offsprings in each group. On the 22nd day of life (B22d), fasting blood
glucose (FBG) levels were measured using a glucometer in offsprings from each group. Body weight and body length (measured from
the base of the tail to the tip of the nose) were recorded. The offsprings were then euthanized, and serum was separated for the detection
of fasting insulin (FINS) levels by ELISA, which was used to calculate the homeostasis model assessment of insulin resistance (HOMA-
IR). The pathological structure of the pancreas was observed using hematoxylin-eosin (HE) staining. Ultrastructural changes in -cells
were examined under a transmission electron microscope. Serum and pancreatic tissue levels of superoxide dismutase (SOD),
malondialdehyde (MDA), and catalase (CAT) were determined by ELISA. Western blotting was performed to assess the relative protein
expression of Pdx1, neurogenin 3 (Ngn3), and v-maf avian musculoaponeurotic fibrosarcoma oncogene family protein A (Mafa) in the
pancreatic tissue of offsprings. Results Compared with the control group, offsprings in the model group exhibited increased body
mass, reduced body length (P < 0.01), and elevated levels of FBG, FINS, and HOMA-IR levels (P < 0.01). Notably, significant
pathological damage and ultrastructural impairment were observed in pancreatic tissue and B-cells. Furthermore, serum and pancreatic
tissue levels of oxidative stress markers (SOD, MDA, CAT) were decreased (P < 0.05, 0.01), accompanied by significantly reduced
protein expression of Pdx1, Ngn3, and Mafa in pancreatic tissue (P < 0.01). In contrast, compared to the model group, all treatment
groups showed decreased body mass and increased body length (P < 0.01). Additionally, there were reductions in FBG, FINS, and
HOMA-IR levels (P < 0.01), along with increased serum and pancreatic tissue levels of oxidative stress markers (SOD, MDA, CAT)
(P < 0.05, 0.01). The pathological damage and ultrastructural impairment in pancreatic tissue and B-cells were alleviated, and the
expression of key pancreatic developmental proteins (Pdx1, Ngn3, Mafa) was upregulated (P < 0.05, 0.01). Conclusion Zuogui Pills
can effectively improve the pancreatic development of offsprings in the GDM model, and its mechanism of action may be related to
inhibiting oxidative stress responses, thereby protecting the ultrastructure of B-cells.
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®1 AJFAX GDM EEEIA FRIERE. FKHZM (X+s,n=12)
Table 1 Effects of Zuogui Pills on body weight and body length in weaned offsprings of GDM model (X £ S, n =12)

51 F i T /g f/em
pagil — 40.00+3.94 11.79+0.34
LAY — 57.92+2.61% 8.2340.45%
Jik B R 15.00 U-kg™! 48.55+1.19" 11.29+0.33*
FEVAN 0.95 g-kg™ 42.61+0.86™ 11.7940.34™
1.89 g-kg! 36.59+2.80* 10.13£0.56™
3.78 g-kg™! 40.29+4.66" 12.04+0.42"
S5xf AR fP<0.05 *P<0.01; SHBABALLHE: P<0.05 “P<0.01, FEF.

#P<0.05 "P<0.01vs control group; P <0.05 **P<0.01 vs model group, same as below tables.

32 ZAVIRXT GDM #EEEZFR FBG. FINS &
HOMA-IR I

Wk 2 frox, SITHRAE, BHARAT R
FBG. FINS /KF & HOMA-IR ¥ & ETE (P<
0.01); SEARIAHLLER, JRE AR T A S
EHBEA TR FBG. FINS /K7 & HOMA-IR 35
FZK (P<<0.05. 0.01), A VAHRAEFHEL FBG /K
*F & HOMA-IR & [#K (P<<0.05. 0.01).

3.3 ZAVFRX GDM RBESEL TR B F AL R
THIRZ 0

W 3 frox, SXTHA R, BAMHBAT
ME SOD VB (P<<0.05), MDA /KF-7t
B (P<0.01). SHERME, FAEHBAT R
My% SOD W& T+ (P<<0.05. 0.01), MDA /K
B FRIK (P<0.01), 7o VAR 7R 2 40 55 7L BRI
iE CAT iEMERZEF S (P<0.01).

£2 EJFAX GDM #EEEZ FR FBG. FINS &2 HOMA-IR HIS08 (X +5s,n=6)
Table 2 Effects of Zuogui Pills on FBG, FINS and HOMA-IR in weaned offsprings of GDM model (X £ s, n=6)

A5 Paili==s FBG/(mmol-L™) FINS/(mU-mL™) HOMA-IR
X i — 3.30£0.50 36.67+0.52 5.38+0.86
it — 5.58+0.35% 45.41+3.37% 11.26+1.34%
JR By 2= 15.00 U-kg™ 3.85+0.33" 4137+2.44" 7.07+£1.05™
A AR 0.95 g'kg™! 4.25+0.29" 44.11+1.92 8.33+1.06™

1.89 gkg™ 3.70+£0.24™ 42.53+1.74* 6.96+1.10"
3.78 g-kg™! 3.42+0.32" 39.374+0.99* 5.98+0.46™
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*3 EJIAX GDM REEF FRIERWMHKERNZNE (X+s,n=6)

Table 3 Effect of Zuogui Pills on oxidative stress levels in weaned offsprings of GDM model serum (X + S, n = 6)

215 Prilhy SOD/(U-mg™) MDA/(nmol-mg™") CAT/(U-mg™")
PagiG] — 465.18+57.42 47541043 34.87+11.58
T — 382.51+66.00" 12.25+6.17% 38.204+10.77
JR By 2= 15.00 U-kg™ 459.82 +54.04" 436+1.20™ 48.86+13.40
Vi EpAN 0.95 g'kg™ 450.88+34.40" 426+1.13* 71.95+12.80™

1.89 g-kg™! 509.42 +56.80" 5.78+1.70™ 48.06+17.60
3.78 g-kg! 478.59439.98" 456+1.16" 59.361+15.37

34 ZEVAAX GDM RBEE, FRRIRB LRI
KRR

W 4 Fion, SHIEA e, MR B AT R
SOD. CAT jEM#MK, MDA /KFEZEFE (P<
0.05). HEAA LA, ZHAGHEZ SOD. CAT
WS (P<0.05); ZEJHH A7 EL MDA 7K1
FEAK (P<<0.05), SOD ¥EMEFE (P<0.05); U4
FrifE 4 SOD. CAT i&EEF =i, MDA 7K-F-B#AIK
(P<<0.05).

3.5 ZAYFINF GDMEEE I TR R AR RIE L HIHY
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il 1 R, A B LT BB IR SUR R
FEI, 4025 IR %, /N5 R AR YE L IRAE
CAS R A MR s AR B L B R iR L 2
RIS 5 e i 4 23 ) Joig P L6 Jo) R T L/ B
MR VAL 4 4L AL T B AR AL S
RGNS, JE AR AL 23 P9 20 i T bk B2 4 R, AR
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*4 AJIAXT GDM BREEI FRRREAE MM HKFHIFME (X+5,n=6)

Table 4 Effect of Zuogui Pills on oxidative stress levels in weaned offsprings of GDM model pancreatic tissue (X £ S, n = 6)

HA filllss SOD/(U-mg™") MDA/(nmol-mg ") CAT/(U-mg™")
payict — 622.52469.44 0.78+0.34 49.54412.09
it — 562.61£69.72 1.05+0.53% 35.81+6.87
RS R 15.00 U-kg™! 594.89472.64 0.3440.17" 36.58£7.47
VA 0.95 g'kg™! 659.25+53.96" 0.7410.25 55.54+13.61"

1.89 g-kg™! 672.831+112.34" 0.4410.46" 43.06424.15
3.78 g'kg! 640.34153.74 0.551+0.22" 48.9844.57

Xof HE i

i E

AV 0.95 g-kg™!

b/ R4
vy

i l‘
FEVAH 3.78 gkg™!

100 um

mm

FEVAHL 1.89 gkg™!

i Sk R AR .
Arrow indicates cell infiltration.
Bl ZJFAX GDM BREEI T RRRHBIELEMHIFIE (HE, X100)
Fig. 1 Effect of Zuogui Pills on pathological structure of pancreas in weaned offsprings of GDM model (HE, x 100)
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LI H SRR R, RO LR R
Red arrow indicates mitochondria, black arrow indicates the perinuclear space.
2 AYFRXT GDM HEEFLF AR p LB LSS

Fig. 2 Effect of Zuogui Pills on ultrastructure of pancretic B cells in weaned offsprings of GDM model

37 ZEVAAX GDM {EEEF TR FRBRZA LR Pdx1.
Ngn3. Mafa EHAIFM

WE 3 I S Fias, SxtiRalbiis, g e
AT REARA L Pdx1. Ngn3. Mafa & XS R
EEBERK (P<0.01); SERALE, BESER
HANZEAF, EfEAH A Pdx1. Ngn3. Mafa &
FAEN AR B E T E (P<0.01), & IHHIKHE
“H Pdx1. Ngn3 HEEMHXREEH (P<0.05).
4 g

Pdx1 -7 RUBAR B 40ME & B LA IhRER K
A B R AR U Ngn3 SRR 818 P 43l

3.7X10°

Mafa

5.0X103

Pdx1

Ngn3 2.3X10°

42X10°

tin
PR R fESE 0.95 1.89 378
KA kg ™)

3 ZYINFT GDM HERUESELFRRARALR Pdx1.
Nng3. Mafa EHAIFM
Fig.3 Effects of Zuogui Pills on Pdx1, Nng3 and Mafa
proteins in pancreatic tissue of GDM offsprings

#5 AR GDM HAVEI FREEARLEL Pdx1. Nng3. Mafa EEHMFM (X+s,n=4)
Table 5 Effects of Zuogui Pills on Pdx1, Nng3 and Mafa proteins in pancreatic tissue of GDM offsprings (X £ s, n =4)

. FEAMMRERE
AL AR Pdx1 Ngn3 Mafa
oyl — 0.95+0.04 1.07+£0.25 0.9340.06
T — 0.60+0.08% 0.46+0.02% 0.64+0.11%
JR B2 15.00 U-kg™! 0.89+0.01" 0.93+0.03"* 0.91+0.11*
FEVAHL 0.95 g'kg! 0.724+0.08" 0.64+0.08" 0.70%0.08
1.89 g-kg! 0.7940.08" 0.7410.03** 0.9040.12"
3.78 g'kg! 0.86+0.01** 0.85+0.05** 0.914+0.11*

R AP E R A R IR B M TR A JE BT
Mafa [ IE 5158 5 2 0 W T ik 2 IEAHOCNS), =341y
AT A2 ) _FJER 7 Pdx1 [ B B R 17181, Pdx 1-Ngn3-
Mafa (NPM [F-7-090) S [m] 1fi 42 il 1 22 L DR (1 2 3 5
TR S R G M. NPM [l gk 2 58U B 41
FEIhRE S H0), TEIk R AR A & 2 75 Rk 5|
FEC IR R R 5 AR,

T I L kiR DNAR2Y, ({5 545 5
LR H, SURRE BT RRAR B 40 ThRe
P, LR AR AR ROS 2B i i 3 B o271,
AL B = B A 3 AR B R AR AS 1
FAEN 2128, 5 F i ROS 24 &% =15 5 1%
i, HET SR S AP0, AL REOK T

SR B ZEHCPT B PRI LA RO I 505 1A A () R
FEAHBI2, R, SRR B 4f M Hh A AL B )
B SRR AR I N0, ROS AKSFFFE, HEL
Yl K B R SR LA DNA KPR . ARFR
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