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Amelioration of Cognitive Dysfunction in Diabetic Rats by Jianpi Qinghua Prescription
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[Abstract] Objective: To explore the amelioration of cognitive dysfunction in diabetes mellitus (DM )
by Jianpi Qinghua prescription (JPQH) based on type 2 diabetes (T2DM) model rats. Method: Fifty healthy
male Wistar rats of SPF grade were randomly divided into control group (n=10) and experimental group (n=40).

The rats in the control group were fed conventionally, while those in the experimental group were fed on a high-
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sugar, high-fat diet for six weeks and administered with streptozotocin (STZ) for the induction of the DM
model. The model rats were randomly divided into model group, sitagliptin group (1.2 g-L"), pioglitazone
group (0.8 g-L"), and JPQH group (1.3 g-mL") , with 10 rats in each group. After six weeks of drug
intervention, the changes in body weight, blood glucose, and other related indexes of each group were recorded.
Enzyme-linked immunosorbent assay (ELISA) was performed to detect the levels of tumor necrosis factor-a
(TNF-a), interleukin-18 (IL-18), and interleukin-6 (IL-6) in the peripheral blood and brain. The Morris water
maze test was used to evaluate the cognitive function in rats. Hematoxylin-eosin (HE) staining was used to
observe the pathological morphology of the hippocampal CA region. The amyloid 8-protein 40 (AB,,) level was
detected by immunohistochemistry. The protein expression of t-tau and p-tau in hippocampal neurons of rats was
detected by Western blot. Result: Compared with blank group, the body weight of model group was
significantly decreased (P<0.05) , blood glucose level was significantly increased (P<0.01) , inflammatory
cytokines TNF-a and IL-18 were increased (P<0.05), learning and spatial ability were significantly decreased
(P<0.01) , the arrangement of hippocampal cells was loose and disordered, and the intercellular space was
significantly increased. The number of cells decreased significantly, and the expression of ApS,, increased
significantly. and increased t-tau and p-tau protein content in the hippocampus (P<0.01). Compared with model
group, the JPQH group showed reduced blood glucose (P<0.01), decreased TNF-« and IL-18 levels in the
peripheral blood and cerebrospinal fluid (P<0.05), a downward trend of IL-6 without a statistical difference,
improved learning and spatial memory ability (P<0.01), densely arranged cells in the hippocampal CA1 area,
increased cell number, reduced AB,, expression, and decreased p-tau protein expression ( P<0.05). Conclusion:
JPQH can prevent cognitive dysfunction in DM by reducing inflammatory factor levels, decreasing neurotoxicity
caused by AB,,deposition, and inhibiting hyperphosphorylation of tau protein in DM rats.
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NanoDrop 2000/2000¢ % 43 5 6 & 31 ( 3% [ Thermo
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PP oy R B AIYL VG AE G0 T AL Lk A B R 2 R g g
WA T A (R 10 H) o Sk Lh A il R vis Ak T 55 e e
Bt Wi (TZD) 28 F1 — Jik & ik i -4 (DPP-4) 25 [ 5 25
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N P 3 TR o 2 591 s G 2 00 Y N H
FI Y 6.17 F5HE E U, AN HE 50 kg, WY 25 1 24
FH R 102 g/50 kg=2.04 g- kg, K B 25 FH 25 7
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AUZE K o AR TSI 60 25 5, BT i vh 24 Wk Ol B 3
i, AR A BRoK, LS 6 .
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W) o WE KB AIK 120 s KRR EFE G, W0E H 5]
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L35 B I 4L 21 TNF-a \IL-18  IL-6 ¥ K 719 &5 £ .
2.53 HE @M D XML HES Bk
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TOULEE K B T CA X AP 2 T 40 i i TE S 4544
2.5.4 P ALWEE KRS ABAKE B [ E 4F
149 106 20 2R AT A A B M S e R L K Kk
PR TR A A TS B I AB — Bt (R B A 2
9 1:1000),4 °Cit &, —Ht (M BAEEC1:1 000)
37 °CH#H 20 min, DAB ., AR R E e, 26
e 3 R WL 2¢ , A ] Image-pro Plus 6.0 4% 73 #1 &
S5 5 4% 4K B 5 CA X 4% 54 = 4 0L B (400%)
T PHAE 40 B 5
2.5.5 Western blot Kl t-tau M p-tau 25 (315 B

2 21 KBRS AT AL, n A RIPA 24, 25.0 (4 °C
12 000 r-min™, 20 min) , B B VG WM A F AR Z2
MR TR AT JE 100 °CK ¥ 10 min B & & 1A,
BCA & &t 8 R B, BUER 11 40 gl id 10% 1Y SDS-
PAGE Hi Jk , 43 B J& % 2 PVDF i, £ 41 J5 4 t-tau
p-tau .B-actin B HT B BUIAK (Fi BEA5EL 1:5 000)4 °CHFE
BHK. =iRT WA FEPR IgG P (5 B A5 5
1:5000) 1 h, F] ] Pharos FX i 06 14 & 4 &
Quantity one [ {5 &b B 73 #7 254 4b B K %, Image J
1.8.0 #E47 H 1Y 4% 7 JK B (B /B-actin 4 i JK B (1 6
T Lt o LA N ik 4

2.6 Hit*#FJrik R SPSS 23.0 it 4 ab B,
B DL x £ s R . PR L ECR R 0, 2 41 )
B4R FH B R 207 22 50 #1, P<0.05 1A 22 5+ 4i it
3 &R

3.1 X DM K& FBG /K FM M  + 7
B, 4% HE A 41 KB FBG >16.7 mmol- L', 525 (441
P, 22 5 HA it 24 X (P<0.01) , #2758 DM KR
WAL . BRI 52 4L, BRG] KRR
i i B S R % (P<0.05) , FBG 7K F W % JF &5 (P<
0.01) ; 54 ARYZH b A, {9 I b 20 K B o 4 1]
W EJH,FBG W BEAR, 25 S HoAA it 22 i L (P<
0.05). WK1,

F1 EEREBENLF(JPQH)X DM X REKRE . FBG K FEHMHEN (x+s,n=10)
Table 1 Effect of JPQH on body weight and FBG of DM rats (x+s,n=10)

PR 5 /g FBG/mmol-L"
205 il /g kg — —

LERgl RIT )R RIT I RITIR
sk 409.76+18.92 435.67+20.91 4.23+£2.79 4.30+0.37
LRI 360.50+25.09% 349.00+19.51" 20.40+2.46 21.33+2.65%
Pk ST 4 1.2x107 359.60+30.44 383.70+22.38% 19.87+2.24% 10.1623.06
A% 51 i 41 1.8x10° 355.40+35.11 359.60+37.92% 20.90+2.7% 11.35+1.22%
R b 7 4 12.24 358.11+37.60 389.29+30.29% 20.15+3.29% 13.21+0.86"

5% L I VP<0.05,2P<0.01; SR 4 i P P<0.05(F 2 )

3.2 X KREATHFEREAR W E AT LR
N5 A5 AL H A AR R 2 R BRI 3k AR D IR A 1
KA 5 T 5 (P<0.05) 5 S RE AU AL LA, g s b
D7 R BUAE 1.4 d 930k 5 v ER 0 W] S 4 8 ( P<0.05)
VG A% 51T 40K B 2~4 d A9 7 AR 3090820 (P<0.05) , ik
K 0 B 20 R B AR L 7E 4 d Bk 4> (P<0.05) o &
R B, 525 4] R, BRI 2 KRR 120 s
P2 BT 5 B R (P<0.01) s S BRI 4 L
3ANVAYT AR R 120 s P9 28 BF 5 YB3 hin (P<
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3.3 X KRR AN 4 4L A RE R TR s 58
20 A, B R 2 K B TNF-a IL-18 M2 TL-6 4 4iE A
T TR (P<0.05) 5 5 R AL L #KC , i A% 2] B 20
K BRI W R ARG ZH 40 TNF-a 7K - 29 B 8 F [ (P<
0.05),IL-6 L 2 TR H H2EF LRI 2 L, 70
¥ BT 20 TNF-a 1 IL-18 7K °F- BH & F# X (P<0.05) ,
{5 1k 7 4K BRI ¥ TNF-a IL-18 il i 41 41
IL-187KF- B & T B (P<0.05) . W3R 3.
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*F2 JPQHX DM ARMEEBRERFTHTEEXHMMWEZM (F+s,1n=10)
Table 2 Effect of JPQH on incubation periods and number of platform crossings in DM rats (x+s,n=10)
b 3k 75 AR 39 /min
4150 /g kg T B OB/
1d 2d 3d 4d 5d
= 58.95+15.36 25.44%11.43 16.94+5.07 13.93+3.29 7.62+1.41 2.2340.51
HERLZ 64.81+18.22 54.90+£11.97"”  35.94+10.01"  40.69+11.66"  19.55+8.17" 1.10£0.44%
PEAEHITA 1.2x10° 63.00+14.97 34451517 27.30£9.46" 19.00+8.79%  14.47+7.17 1.83+0.33%
Nt A% 41 i 2 1.8x107 59.35+18.09 43.80+14.03 32.10+14.38 14.63+6.20> 13.39+5.09 1.72+0.14%
Tt v Ak 7 21 12.24 43.14£16.50”  50.10+£23.73 27.67+11.08 15.00£7.67"  10.21+3.83 1.77+0.10%
%3 JPQH X DM Xk R I i& K i 48 LR #EAE K F RIS M (X+s5,n=10)
Table 3 Effect of JPQH on level of inflammation in peripheral blood and brain tissue of DM rats (x+s,7=10) wg L
JIIRE figi £ 21
24151 /g kg
TNF-a IL-18 IL-6 TNF-a IL-18 IL-6
2 HA 6.10+1.30 13.11+3.66 16.07+1.23 6.23+0.89 6.93+1.90 74.54+5.71
I 41 9.13+2.82"  21.21+4.77"  23.25+1.98"”  10.89+3.67" = 16.26+5.21" 95.72+14.97"
VU HITT 20 1.2x107 6.86+1.14 16.19+4.36 24.15£1.60 6.66+1.57% 9.77+2.19% 90.60+15.00
A% 57) i 21 1.8x107 5.97+1.04°  16.54+5.10 21.69+1.70 6.20+1.40% 8.98+6.63 90.64+14.97
{5 Ak O 41 12.24 4.08£0.93%  13.29+4.04”  25.28+6.61 7.87+1.51 7.2043.94”  100.41+18.18

T 528 LA LA VP<0.05; 58T 4 L 4 2 P<0.05

3.4 XPRERAZURE AR A DM KR
5 CA %X HE Q45 R Bor , = HA K EE L
CA & XM 28 T 40 I HE S 5% B %, A S 58 3%
2 A 1] S PR B SR, A0 A% e 600 M, O R R
R RN RGO £ 71 T VA~ O | N Nt

CAl

CA2

CA3

CA4

H A A BB A OR A Mk = B Rl . 5 DM
KBS, IR 97 AL 28 T A i T 28 A I e L 4
JHLHE B 18 8% 55 5% A 20 M T) S BR A Y 0, A% L M
ML SR e % MR R A i 2 i S
CATDXEIR R . ULIE 1,

AL EH A BAS R AL C. VGRS 57T 415 D. kS 51 i 21 5 E. {35 1k 7 4 (B 2 [l )
E 1 JPQH3I DM RiED CARMATHMAASNHM (HE, x200)
Fig. 1 Effect of JPQH on neuronal cell morphology in hippocampal CA region of DM rats (HE, x200)

52 A A B A R BT X AR D HE B A

3.5 AR B I ABL, R I8 1Y 5

BT Mg TT

WL AB,, BHPE 2 IE W) S e (UKL, 2R A AE R
iy i T LK b, 2 BEARR PR . 2 H ALK U
I XA HES B AR AR (L, R IR

BEAREER , AB, TE I 4 BT TR , S5 BH PR R0k
5 R A LA el R A D 2 A HE S AR X
BEARE/IN BB R AB I R AR . UL 2.
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A

C D

B2 JPQHX DM ARKAMEDX ABKFRIZM (Frsdlft,=x400)

Fig. 2 Effect of JPQH on AB levels in hippocampal region of DM rat brain (IHC, x400)

3.6 XF K B 54 2 t-tau  p-tau 25 F 2 35 1 52 i
525 A i, B AR B E b t-tau Fl p-tau 2R
FI 2RIk B 35 10 (P<0.01) ; SRS A LA, et LG 1k
Tt t-tau A S EA FREBEE L HES TSI E
SC, M p-tau 2 A 8 F FEAR(P<0.01) . LI 3 .55 4.

Ptan g e A . S 7 D
tran g s .- 70 K
SN e e s . . s e e e e, 12 KD

A B C D E
T AERH BB  CoML AR ST 2 s D. VAR 57T 21 ; E. {19
Xy
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Fig. 3 Eelectrophoresis of tau protein expression in hippocampal

neurons of DM rats
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