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The effect of tanshinone IIA on motor function and gut microbiota in rats with spinal cord injury by
regulating the PI3K/AKT/GIT1 pathway

WANG Xueying, WEN Mingyuan, ZHANG Jing, CHENG Yue, LI Xiaolong, XU Mingyuan
(Department of Pharmacy sthe First Affiliated Hospital of Heilongjiang University of Chinese Medicine s Harbin
150040,China) * ™

Objective To investigate the effects and specific mechanisms of salvianolic acid IIA on motor function and
gut microbiota in rats with spinal cord injury (SCI). Methods Rats were assigned into sham surgery (Sham) group,
SCI group, tanshinone IIA group. tanshinone IIA + pLLVX-sh-NC group, and tanshinone IIA + pLLVX-sh-PI3K group.
Except for the Sham group,all other groups constructed rat SCI models using the modified Allen method. The Basso,
Beattie. Bresnahan (BBB) motor function rating scale and inclined plate test were used to evaluate the motor function of
rats. The reagent kit was used to detect the levels of endotoxin (LSP),D-lactate (D-ILA) ,and diamine oxidase (DAO) in
the serum of rats in each group. HE staining and PAS staining were used to observe the pathological changes in the spinal
cord and small intestine tissues of rats. TUNEL staining was used to detect apoptosis in rat spinal cord tissue cells.
ELISA method was used to detect the interleukin (IL)-18, interleukin-6, and tumor necrosis factor-a in the spinal cord
tissues of rats in each group. Detecting the number of gut microbiota in each group of rats by cultivating gut contents.

Western blot experiments were used to detect the proteins related to the phosphatidylinositol 3-kinase (PI3K)/protein
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kinase B (AKT)/G protein coupled receptor kinase interacting protein 1 (GIT1) pathway. Results The Sham group
had normal spinal cord neurons and small intestinal mucosal structures. Compared with the Sham group, the SCI group
showed decreased spinal cord neurons, with cavity formation,inflammatory infiltration,atrophy of small intestinal villi and
decreased goblet cells. The BBB score, maximum sliding angle, number of lactobacilli, p-PI3K, p-AKT, and p-GIT1
proteins were prominently reduced (P<C0. 05) ,while the apoptosis rate, LSP.D-LA,DAQO,IL-18,1L-6 , TNF-sh-a.and the
numbers of Escherichia coli and Enterococcus were clearly raised (P <C0. 05). Compared with the SCI group, the
tanshinone IIA group and tanshinone IIA + pLLVX-sh-NC group showed clear improvement in spinal cord and small
intestine tissue injury,alleviation of inflammatory infiltration, and raise in goblet cell count. The BBB score, maximum
sliding angle,number of lactobacilli, p-PI3K, p-AKT,and p-GIT1 proteins were prominently increased (P<C0. 05), while
the apoptosis rate, LSP,D-LA,DAQO,IL-18,1L-6, TNF-sh-a,and the numbers of Escherichia coli and Enterococcus were
prominently decreased (P<Z0.05). The trend of changes in the above indicators in the tanshinone ITA+ pLLVX-sh-PI3K
group was opposite to that in the tanshinone ITA + pLLVX-sh-NC group (P <C0. 05). Conclusion Tanshinone IIA can

enhance the motor function of SCI rats, improve intestinal barrier damage and gut microbiota disorders, which may be

achieved by activating the PI3K/AKT/GIT1 pathway.

QAU B Tanshinone ITA; PISK/AKT/GIT1 pathway;Spinal cord injury; Gut microbiota
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Table 1 BBB scores and maximum angle of inclined plate sliding
in each group of rats

BBB 41

AR 7R 1Y

20 R
21 51 &9 R M)
Sham 2H 21.00£0.00 61.334+7.01

SCI 41 3.1940. 62" 22,172, 83"
FZ 8 TTA 4 12.1641.98" 47.16+5.19"
FFZ0 TIA+ pLVX-sh-NC 41 11.9341. 72" 44.26+4.93"
F} &8 NA-H+pLVX-sh-PI3K 2 6.4340,94° 26.31+3, 25°
1E:°P<C0. 05 vs Sham 2 ;" P<C0. 05 vs SCI4;°P<C0. 05 vs J}%
il IIA+ pLVX-sh-NC 41,
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W 2,

x2 FAKXKR/NFHLRTB LSP.D-LADAO KT
(x*s,n=12)
Table 2 LSP,D-LA,DAO levels in small intestine tissues
of rats in each group

A LSP(EU/L) LA(gmol/mL) DAO(ng/mL)

Sham 41 58,1546, 87 0.1740.02 29.8140, 21

SCI4 96681034 0,240, 03" 35,9640, 31°

FEE A4 80.4648.56"  0.2140.02" 33,1440, 25"

FBE UA+PLVX-shNC4l  62.43+7. 11  0,1940,02° 31,5640, 28"
JIBH HA+pLVX-shPBK 4l 87.26+9.14°  0.2340.03° 34,76%0.33¢

.4 P<0.05 vs Sham 4 ;]'P<(). 05 vs SCL41;°P<0.05 vs f} 58 A+ pLVX-sh-NC 41,
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Sham 41K 5UF 6 41 20z 3h i & oo HES) 5 % . M
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D BRAE A 2 T [ 4, RAE R, B RY K 5
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NC 21 K FUF B8 21 2 b 28 S0 i 385, 980 Dl e, 25 T
T4 /N 5 FF2 0 1A+ pLVX-sh-NC A It , 12
il TIA-H+ pLVX-sh-PI3K £H K L ## £8 oC 5 8 b
RN, %S

TRmEARY K. WK 1.

A Sham#i B SCI# C FZEUAH D JHZE] TA+
pLVX-sh-NC4 E J+&E] IIA-H+ pLVX-sh-PI3K 41
I HERBEUBREHAXREHARRETLFER(100X)
Fig. 1 Observation of pathological changes in spinal cord tissue
of rats in each group using HE staining method (100 X )
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Sham 41.SCI 41, F+ & Hd 1A 4.7 S 1A +
pLVX-sh-NC #1 . J} Z i TIA+pLVX-sh-PI3K 41 £ ity
PT-5505 A (2. 0440, 96) %, (32. 14+£3. 87) %,
(11. 34 £ 1. 71) %, (12. 65 = 2. 10) %, (27. 31 +
3.14) %, SCI #H Y5 Sham #HAH He, K BUE BE 4H 21 40 g
PHT R B TF (P <<0. 05); P B TTA 4. PS8
A+ pLVX-sh-NC 45 SCI 1A 1, K B BEZH 2140
FELE T R B RS (P << 0. 05); FF S IIA-H +
pLVX-sh-PI3K 415 J} Z il 1A+ pLVX-sh-NC 41

A@MEATHERE

RN 0 iR
WA 2,

M TR BT A (P <0. 05),

TUNEL DAPI Merge

A Sham#l B SCI# C FZEUAH D FHSE TA+
pLVX-sh-NC 4 E J}Z& IIA-H+ pLVX-sh-PI3K 41
B 2 TUNEL £EBNRZAXRERALHABATHER(200X)
Fig.2 Observation of apoptosis of spinal cord tissue cells
in each group of rats by TUNEL staining(200 X )

5 A2 UAXSCI XR&EHEA
TNF-a 7k T i 8 1

B KR BE 4 TL-1B.1L-6, TNF-o 7K F [t
B, SCT 41 %8 Sham 41 B W F+ 15 (P <<0. 05); P+ Z [
A 4 . FFZ 0 1TA+pLVX-sh-NC 41 % SCI 41 9 i %
(P <20.05); F}Z B IA+ pLVX-sh-PI3K 4% f} &
il TA+pLVX-sh-NC 4 B TF &, W 3.

A IL-1B, IL-6.

*3 BAXRREWALH IL-1B.1L-6 . TNF-a 7K F
(x*s,n=6)
Table 3 Levels of IL-1 B,IL-6,and TNF - «a in spinal cord tissues
of rats in each group

45 1L-18(pg/ mg) 1L-6(pg/mg) TNF-a(pg/mL)

Sham 41 25.1743.07  94.2746.24 36.54%4.02

Scr4 63.4745.46"  145.24+12.08" 96,1145, 47°

P A 4 33.3143.08"  103.14£7.24%  51.28+5.83"
PS8 UAFPLVX-shNCAl  34.35+3.68"  105.31+8.52°  47.25+5.21°
FHBM A+ pLVX-shPIBK 4 48,1445, 245 134 74+11.26°  78.34£8. 05°

T *P<0. 05 vs Sham 415" P<C0.05 vs SCI4L;P<0. 05 vs F+ 5 A+ pLVX-sh-NC 41,

6 S A X SCl XRIFEHAFETHHNEIE
Sham £ K /M7 F B8 2519 56 58 55 B HEY & 55
B T A 1E T B i 9 0 4 R 0 R R 45 L AR IR
YA A 2450 5 SCL 4L K R/ s B B 405 . 90 & 25 45
W2, 5 o0 DX B 7 AN BV L A RE IR L BT 2 M
YK TR M, BRAR 40 B S0 0 PR S TTA 4
FPF S TTA+pLVX-sh-NC 21 K BB 0 105 B & 2%
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fiff » RV R FE DU ARIR A i R 1G5 5 P S
A+ pLVX-sh-NC 41 # tt., £+ Z il TIA + pLVX-sh-
PI3K 4 K B/ 36 R 450 405 0 28, 48 M 95 0 2 B n g
AR 20 M i m s . DLIAL 3 RNIAT 4,

A Sham#l B SCI#H C FZEMIUAH D FHSM A+
pLVX-sh-NC 4l E J}Z8i IA-H+ pLVX-sh-PI3K 4]
E 3 HEFREURSEHAXRNMNIERRBETHL(100X)
Fig. 3 Observation of Pathological Changes in Small Intestine Tissue
of Rats in Each Group by HE Staining (100X )

A Sham#4l B SCI4l C FZWMUAZ D FHZM A+
pLVX-sh-NC#4 E F}& IIA-H+pLVX-sh-PI3K 4
B 4 PASEEBUZRBXR/NFARDFKAREN(200X)
Fig.4 Observation of changes in goblet cells in small intestine tissues
of rats in each group by PAS staining (200X )

7 ASWUAXSCI KRBEXFERERE FKE.
B EHEN TG

25 R B 1B N K 35 A 1A L T B R T
SCI % Sham 2 B & F+ 55 (P <<0. 05) 5 £+ Z il 1IA
H S+ TTA + pLVX-sh-NC 4% SCI 2H B & [& A%
(P<C0.05) ;7FZ: 0 IA+ pLVX-sh-PI3K 41 % £+ 2 fili
A+ pLVX-sh-NC 244 B} & F+ 5 (P <<0. 05), & 4K
SR T8 9 7L R FT B B B SCT 41 %8 Sham 21 B
AR (P <<0. 05) s FF B TIA 4 . FF S 1TA+ pLVX-
sh-NC 1% SCI 41 B | 7+ &5 (P <<0. 05) ; FF & i ITA+
pLVX-sh-PI3K 0%} Z il 11A + pLVX-sh-NC 4 B
B (P<<0.05), W4,

x4 BEARKXKUEFHBHRE IBTEARNETFEHE
(x*s,n=12,CFU/g)
Table 4 Quantity of Escherichia coli, Enterococcus, Lactobacillus,
and Bifidobacterium in each group of rats

g KW BAH A Bk ABHE
Sham 41 4.1240.61 3.4340.45 8.64+0.51
SCr4 8.37+0.93"  8.4940.91° 2.3440,27°
FI5E A 4 6.21£0.71° 6,100, 66 6.4640.71°
FBE UA+PLVX-shNCAl  6,0240,64>  5.7640.64" 6.3340.67"
PS8 TA+PLVX-shPIBK 4L 7.68+0.91°  7.89+0.85¢ 37240, 44°

" P<0. 05 vs Sham 413" P<C0.05 vs SCI41;°P<0.05 vs J1 5 A+ pLVX-sh-NC 41,

8 S A X SCI X R & 5 H 4 & PI3K,AKT,
GITl EARIZENF

SCI 415 Sham 4IAH I, KEUEHEA b p-PI3K,
p-AKT . .p-GIT1 % 1 ik & W] 2 F R (P <<0. 05) 5 7+
Zi TIA 20 . P2 TTA + pLVX-sh-NC 4 5 SCI 4

M, KRB B4 4P p-PI3SK, p-AKT,p-GIT1 %
s E I W E T (P <<0. 05); #F 2 il TTA 4 pLVX-
sh-PI3K 4 52 IIA+pLVX-sh-NC 44 . K B
HREH L p-PI3K . p-AKT.p-GIT1 % (13511
TRE(P<<0.05), WK 5,35,

*5 BAAREWALD pPBK p-AKT.p-GITI EAREE
(x£s,n=6)
Table 5 Expression levels of p-PI3K,p-AKT,and p-GIT1 proteins
in spinal cord tissues of rats in each group
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Fig. 5 Expression of PI3K,AKT,and GIT1 proteins in spinal cord
tissues of rats in each group
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