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[Abstract] Objective: To explore the mechanism of Tangbikang granules (TBK) against diabetic
peripheral neuropathy (DPN) based on network pharmacology and in-vivo experiment. Method: The active
components in medicinals of TBK and their target genes were searched from Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP). The active components of the medicinals
which are not included in TCMSP were searched from previous research. After the analysis of drug-likeness by
SwissADME, the target genes of them were predicted with SwissTargetPrediction. DPN-related target genes
were retrieved from GeneCards. The common targets of the disease and the prescription were the hub genes of
TBK against DPN, which were uploaded to Metascape for Gene Ontology (GO) term enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. High-sugar and high-fat diet and
low-dose streptozotocin (STZ, ip) were employed to induce diabetes in rats, and then the model rats were
respectively treated with low-dose (0.625 g-kg"), medium-dose (1.25 g-kg"'), and high-dose (2.5 g-kg') TBK
for 12 weeks. Sensory nerve conduction velocity (SNCV) was evaluated. After hematoxylin and eosin (HE)
staining, the sciatic nerve was observed under light microscope to examine the nerve damage. Real-time PCR
was performed to detect the gene expression of adenosine monophosphate-activated protein kinase (AMPK)
pathway-related targets in rat sciatic nerve, and Western blot to measure the protein expression of AMPK and
phosphorylated (p) -AMPK in rat sciatic nerve. Result: The main active components of TBK, such as
quercetin, kaempferol, B-sitosterol, leech pteridine A, stigmasterol, and baicalein were screened out, mainly
acting on interleukin-6 (IL-6), tumor necrosis factor (TNF) , protein kinase B (Akt) , JUN, and HSP90AA1
and signaling pathways such as AMPK, nuclear factor-«B (NF-«xB) , and Janus kinase/signal transducer and
activator of transcription (JAK/STAT). Molecular docking results showed that 8-sitosterol and stigmasterol had
high binding affinity with IL-6, TNF, JUN, and HSP90AA1. As for the animal experiment, compared with the
normal group, model group had low SNCV of sciatic nerve (P<0.01) , disordered and loose myelinated nerve
fibers with axonotmesis and demyelinization, low mRNA expression of AMPKa, AMPKfS, peroxisome
proliferator-activated receptor vy coactivator-lao (PGC-1a), Sirtuin 3 (SirT3), mitochondrial transcription factor
A (TFAM) , and low p-AMPK/AMPK ratio in sciatic nerve (P<0.05, P<0.01). Compared with the model
group, TBK of the three doses raised the SNCV (P<0.01), restored nerve morphology and nerve compactness,
and increased the mRNA expression of AMPKa, AMPKB, PGC-la, SirT3, and TFAM (P<0.05, P<0.01). The
ratio of p-AMPK/AMPK in the high-dose and medium-dose TBK groups was higher than that in the model group
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(P<0.01), while the protein expression in the low-dose TBK group was insignificantly different from that in the
model group. Conclusion: TBK exerts therapeutic effect on DPN through multiple pathways and targets. The
mechanism is that it activates and regulates AMPK/PGC-1a/SirT3 signaling, which lays a basis for further study

of TBK in the treatment of DPN.
[Keywords]

Tangbikang granules; network pharmacology; diabetic peripheral neuropathy; animal

experiments; molecular mechanism; Traditional Chinese Medicine Systems Pharmacology Database and

Analysis Platform (TCMSP) ; SwissTargetPrediction
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A 4% B A RN BEAT R R B EE (B HE 44 1T 20 1Y
O B0 SR T8, 8 B R (BB R 1 43 0t R R
PRFURE R, PP HE 44 FT 20 19 43 U034 58t i T
IR R 25 R G OR BE AR HE 4% T 10 B HE A A i
A F -6 (IL-6) il 98 SR BE A 7 (TNF) | 2 F ¥ i B
(Akt) . 40 fg A & -1B (IL-1B) . il 98 97 il 26 &
(TP53) . JUN # 1 (JUN) . It K & B i -3
(Caspase-3) .1 A AL & A B 2(SRC) 3 7 A= K A
T Z K (EGFR) | it S Ak ¥y Bl A 184 58 ) V06 32 AR y
(PPARG) , i L #1 &5 0] BB 76 B 955 B MUk 76 77 DPN
RECHEAE
3.3 WS EE 4N il i Metascape B HE AT
KEGG 73 #t #1 GO 73 #r . H v KEGG 75 #r 4L 15 )
207 #% i@ [, Hop 3 29 & NF- kB, AMPK,
JAK/STAT 45 M5 538 i . #5200 E 24 H WL
s HH RSB I A B . GO 4 At A 43 B A5 B AR A B
2 680 F% 3 I, o rp = B KNG 22 0 1 e 1 L 200 X
RAL G Y B I A0 FE T A IR A 4% A T {5 5l
% L 20 MG AL ER IR AL G 0 R N B T A2 AR
M 22 R AR - B A 5 2> T D BE 236 Rl %, B
W R AT R AR LS &  DNA 45 G 5 5%
45 4 R A SRR S 25 O 2 R s P 45 i
Y2 A% 125 Sl i, R EAREZRE A M4
JHLAAS 248 0T A ] DX 4 T T . 4% O R B AR B LY
5e8 L RSB TR R
3.4 7R3 g Autodock Bk R ¥ IL-6 . TNF
Aktl JUN HSPOOAAl & HH 5 . 25 H T\ KM
Ko FAE RS S0 R L 2B p-4F 1 B K g
L NN o S (R =D ETE RS R O
HEAT 47 F X HE 5000, 45 4 Re fH /N | 4 X ROR
BT W45 A BE<—5.0 kT- mol ! 1% 2 HI T 45 4 A B
WIARIE . o FAHESS R B R p-A i TS
IL-6 . TNF Akt JUN HSPOOAA 1 % /3 145 & 3R 4%
. 86 .

4. ¥ Autoduck Y X} 345 B G i, IF i i PyMOL
AT 56 B4y F X e 45 SR T AL, 2 T X 2 45 A RE
1o 45 A B 0 A5 40 1 X B2 TR A &5 SR UL 3% 5 R B
IRz

3.5 WL L

3.5.1 WS ORL G AE B R BRLAR Bl 28 SNCV 11
R 5 OE R 4R, BB A SNCV i 3 B AR (P<
0.01) ; 5B A4 Lb A8, B 9 B UKL 45 41 SNCV i 3
Fhies (P<0.01) o id WFBE 5 B AU T 330 AT LA e 8 JR
WA SHE. k2,

F2 BERFRNERAARSEESEEOBIN (tts,n=10)
Table 2 Effect of TBK on nerve conduction velocity in diabetic

rats (x£s,n=10)

21 5 il /g kg SNCV/m-s™
IEH A 59.74+6.63
IR 2] 24.49+2 31%
it TR 2H 0.026 8 49.58+8.04"
A 5 URE v 7R A 4 2.50 53.30+3.32"
T 5 AR R 5 A 24 1.25 46.25+7.64
T 5 AR AL 57 4 41 0.625 33.49+2.98"

TE 5 0F % 4 8 Y P<0.05,7P<0.01; 5 4 41 He 4% P<0.05,
YP<0.01(£ 3. %4[[)

3.5.2 U R URL X E PR R BRL A i Pl 48 4 255
RS2 HE Y 8 F A B b 28 D) 1 Al UL AE & 41
KB FMAABEMETHEE L0 EEEE,
HED LA . Bl 20 28 2 v (R) R e Xk il 2, il 22 9t
WAL B8, 45 K9 T O SE K B a0 % T DL i 6 25 I 40
WA o BT AL AT B o 2 £ 2 RS AL AL L R
VT 2, B A A O o W S TR A RO R IR =
WA LTSS AT W AL, He S ok B AR
I R Hh AR R i 4 A AR AS [ R B 1 B A 42 F
Y HE S 3 H0 Bl 2 BT 24 R A 0 R T A A
Wiz, WK1,

3.5.3  BE B BE R XEORE R W R R AR B oM &
AMPKa . AMPKB .PGC-1a.SirT3 . TFAM mRNA %
KR 5 IE R AL R B PR K R AL B & 4
44 AMPKa . AMPKB.PGC-la.SirT3, TFAM mRNA
223k B BRI (P<0.05, P<0.01) ; 580 7 49 [b &5, i
9B B UKL | ) i 2H AMPKa . AMPKB . PGC-la,
SirT3. TFAM mRNA % ik W] i # & (P<0.05, P<
0.01) , H. 5 70 & 4R 1 ks B, Bl 50 e 0k & 7] & 41
AMPK G % FH G0 ) Jk PR 3R 3 3 10 08 e JB0RE o
Rl . W3,
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3.5.4 I B OB X OB PR G R BRAL 1 B 22 AMPK

T AE 2 BB B2 CL = FR A1 5 D~F B B BURE & Lol
R 4 (1B 2 [F])
B1 BEFANGERFARLEHEALFR
(HE, x400)

\\\

HEW

i

3‘\"\"

Fig. 1 Effect of Tangbikang granules on sciatic nerve of rats

(HE, x400)

p-AMPK 2 [ ik 2 m 5 IE 4l i BAl A
T BRAR 5 22 5 ) p-AMPK/AMPK I 3% AR, 22
S G 2E B L (P<0.01) 3 58 4 L5, B R
2O R AORE = L bR 4 4K B p-AMPK/AMPK
e, 25 0% % &8 L (P<001) . U
2.3 4,
4 Tt

DPN J& 0l JR v I & i o U 9 pf 28 3R A7 PR 9
Mo BRIRHERPIRGEAR A EMAM Ry k%
B 5 XF i s 2 2 4 . DPN By AL
K GEA T ff ¥ K5 IR IR SRR A
I HH G 1 R iR R R AR, S B 28 00 RE R AR R
W R R T RE B AT RIAN M ZE TS L i A A 1 A
AL, AP 2 72 i B ok B B T AR AR T 2
il WEIR R BURL DL 25 SR B, i 2 AL 4% IR
B, FEAYELEE K R LUl RAT S
HE KR ,\ﬁaﬁzﬁaﬁﬂﬁigmﬂ*%ﬂrrﬁ
7 RGIE B, 723697 DPN J5 T H A R .

x3 MBERIBNEREXRBLEL AMPKa . AMPKB . PGC-1a.SirT3, TFAM mRNA R8I & 0 (F+s,n=4)
Table 3 Effect of Tangbikang granules on mRNA expression of AMPKa, AMPKB, PGC-1a, SirT3 and TFAM in nerve tissue of diabetic

rats (x+s,n=4)

215 il /g kg AMPKa AMPKB PGC-la SirT3 TFAM
4 1.00+0.10 1.0140.15 1.02+0.20 1.01+0.14 1.02+0.20
RG] 0.17+0.08> 0.22+0.02” 0.32+0.06" 0.36+0.14% 0.36+0.06"
i TR 2 0.026 8 0.65+0.08" 0.87+0.22 0.99+0.27" 0.93+0.10" 0.88+0.12"
A AU v 7R A A 2.50 0.54+0.06" 0.63+0.03" 0.74+0.22% 0.78+0.07" 0.83+0.229
I BRE TR T 7R £ 4 1.25 0.49+0.04" 0.52+0.08" 0.70+0.14 0.64+0.14" 0.66+0.10"
A 5 ORI 5 A2 2 0.625 0.45+0.03" 0.34+0.11 0.46+0.09 0.61£0.10" 0.57+0.11

R i 0 26 24 B2 o3 B 465 2R e B R 3R LI AR AT 512 DPN g B ik 72 rb b ol 1 1) 3 o il 5% 44

T B-4 (55 B | S R 3R A A A, T B R M
JFL UKL 36 9T DPN (1) E A IR Loy . BEFEZG Y
HHER R R, W RAEETERE LT
iRl B BEAEAE T ARAT KR L A gy
U B R AR T EE ARAT YT PP 4%
b 4E B R, IL-6 . TNF-a . Akt . JUN .HSP90AAT1 .
PPARG %5 J& H F ZAE HI L A5 . KEGG i % & £ 47
M3 %] 5 DPN % b 3¢ 19 3 1% 5 AMPK NF-«B .
JAK/STAT 4545 5 il % . AMPK 1y 41 Jf g & £ 25
F 3 LR T AR A OCSEVE ], AMPK 38 B B0 IS AT
L &R 78 40 i ATP 357, 90 775 1 I R 28 00 £ 385, I
B2 08 05 R S A R W L T 9 UE B v a0 M T 0 5
2 AMPK/SirT/PGC-1a il [ 2 ] 5 A2 £ b RSB T,

FET' . NF-«BH 12— DR E TR, 25
RIE NP MPER W FEZED LR,

NF-«B 5 53 % # i 1 ROS F IL-1 . TNF-a 45 48 P
R 13805, 7E RO'S 3 5 R 98 i it 5 465 s 28 1 7 v e
FHOCHAME N, R T s R AR AR S
NF-«B il #% J& , A7 38 35 3800 9 1 PR 7 R4 i 7, A
I 0 588 22 il 5 M B I A IR ) 35 . ROS LA 2 i J
X 5 NF-«B {55 5 38 5 A1 B AE H . NF-KB_ILJiE:‘;
HE PR Bt 57 77 AR R AL W B AR R MOD , i 1 s /D 2
Jifl 4 ROS F4 7K - . ﬁﬁNF-KB‘{E'@E’wk%&IEJ#x
F ROS /K-y 512 W58 & B, 76 1 PR A5 /1N BN
Wl DR 5 £ 1 FHE P b 28 % v W B 85 5 3R 1 5 RE A0
Jio B WL %X B T NF-«B B89 I R s 5
. 87 .
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20 kDa AMPK i # A #V) ¢ 3, JE P PPARG 2K 1 O 4 75

B 7 PGC-1a J2 2o 14 B 2 A5 A2 v 1 5 B L

p-AMPK _ 30 kDa T2 2 & B, AMPK/PGC-1a i % 5

H 5 DPN H (1 4O R D) g e B A3 G, J2 5% i DPN

GAPDH _ KPR SR T AL 22— [ ot A 9

A B C D E F
B2 SHARRLBWEALAMPK.p-AMPK E 8 Rk
Fig. 2 Electrophoresis of AMPK and p-AMPK protein in sciatic

nerve tissue of rats in each group

R4 EBEEBAXEREXRHEZARAMPK. p-AMPK A&
ER R (x+s,n=3)
Table 4 Effect of Tangbikang granules on AMPK and p-AMPK

protein expression in nerve tissue of diabetic rats (x+s,n=3)

#iE  AMPK  p-AMPK  p-AMPK

5 /;-kg" /GAPDH /GAPDH  /AMPK
% 4 0.37+0.03 0.38+0.01  1.01+0.04
A2 0.37+0.05 0.12+0.03% 0.32:0.08”
Wi~ R 21 0.026 8 0.37£0.01 0.45+0.02% 1.20+0.04"

B R WUR B FIREZH 2,50 0.38+0.04 0.46+0.03% 1.21+0.08"
BRI R R R 1.25

BE R FORLAR R AL 0.625

0.39+0.01 0.27+0.02" 0.69+0.06"

0.38+0.02 0.12+0.02  0.32+0.05

UE B, A B S0RE AT 38 3k A AR PR 9% K BRUh TNF-ac
J NF-«B mRNA [ ik, b JaDHE R 9 K BLAL B 42
o IkB 2K 3 Ik 6 NF-«B 38 8%, DA i i 21 22 f
PV 2 DR O 0 R S T 3 1) ) NF-wB 38
% , 15 98 DPN 5] 6 14 480 Ak I 30 A0 46 1 52 1 xof i
Z RGN . TAK/STAT 15 S5 & — Fh 4 ig op
EAFRZRMMEIERE, FHS5 T %%, 4
W5 oA AT A R i SE L B . JAK/STAT i
7 AR E A T A AR R R AR R IR i S
ROS ¥4 1% , 5 8 JR 9 S DPN %5 % 5 AL 1 45 1) A
25 S IE 4 2 B JAK/STAT 3 #% 5 o vl L il
AR 2 98 R A 08 T 36, AT 5 2 DPN Y in
# o WF5E o AE 1 BLBE R % K B9 DRG ' 77 7£
JAK/STAT il % (1 5 %, 5 B2 kL K Ty g e 15 S
Fil o 22 £F AR Ak,

ABEFE GO 43 B s B IR I DPN 143 20
fie B MO OB TS P R R LS A . T
AMPK, NF-«B, JAK/STAT % KEGG il % 45 J
AMPK fE 2 3 6 25 113085 5 A8 BF 9 19 4% 0 4 T 2
fiE 5 2 B %, P AMPK G 5 516 )7 1 FHALH ¢ &
W) o AWK A HE A HT 10 19 PPIAZ OB A S
AMPK i % AH O B P HL A 46, &2 B T PPARG |, Aktl
P A 3 [R] B0 A Gl A ) SCHR & B, PPARG 5

. 88 .

AMPK/PGC-1a i % 1] g J& B HE V4 J7 DPN A9 4% 0>
ML, I3 3 3h 4 52 56 % 45 R AT T 1E— A 0F

AR YK Bl W S I A5 R R W LE O M Ik T
STZ+ e B Tl Bk 75 5 PR s K BB 12 J8 B 5 1F 8
2, A 2H K B AR i il 22 SNCV R IR HE 2t £
AL A B b2 A R 2 2R AL Tl R M K R A A
A 25 T S R 28 45405 PCR 45 5 8 7 R B A 45 il 22 v
AMPK il % #1 ¢ [ F PGC-la, SirT3 % 35 F F# ;
Western blot 25 5 i 7~ 5 1F & 21 L4, A5 70 41 Ak 5 b
%% 11 p-AMPK/AMPK &1 ; 346 ] AMPK/PGC-1a/
SirT3 i #% 7% =5 i & 35 0 1 5 DPN % £) A/ ¢ .
AMPK & 3K #1023 B AR H R i PGC-1ar, SirT3 %5 45
F B IEDY . PGC-1a AT LAk 58 250 1A 07 Wi 3 72 o
FE A ROS K i Bl BR358 %F d s B R 5 1E FH . HE
KT B 2 5] Gk IR 1 T BE R A R 8 Z AL
2R RL R ) i I A5 T A R T 05 i o 0 1 A% 0 BL
il , 2 fioh o o 2% R 2 o0 B E A . R e dn ]
L 2 AR ) B R DR 2 e | o el 8 8 05 1
WAEIRIT R . BEAEOF Y B8 , AMPK/PGC-1a {5
5 % A7 45 5 R 1 2R IR T . 5t 495 A DPN (1) 95 B
ML A 2 S A FHD . AMPK/PGC-1a i 1 19
6 A8 B T 7 RS T G A R R M R G 2R
BRI BESY . SirT3 # 1A N J& AMPK/PGC-la {5 5
S i LW = R RS TR N = (AW I N4 R ]
i1 2 KGR Y B BAE DY . LIU 0B 5 3% B
AMPK/PGC-1/SirT3 {5 5 38 B i ST 7T 6l 2 2k A
AR N I L T R R Ty e R O 4 R AR N B
B iR, DT S B A 28 SR B Ve AR o 4 O
KLIRIT IG5 A5 A A b A A 9 o 0k 28 K LA i
Zo A T 2 21 2 HE B R A A A R R
(i i A 5 750 2 U0 % , PCR 45 5% I 7% W 981 1 0k 4
KB AR B 22 o AMPK \PGC-1a ., SirT3 £ 35 ik & IF
T, U B R B SRy AT LA a3 8 AMPK/PGC-1a/
SirT3 i [ mRNA ik |, 9 5 01k I 38 A i 0 5%
PO A% NI S TR N TR DO I 2N DR P
TEH

W 2% 24 3 4 A vh 245 3F 5% o B A 2 80 A IR
AR R U Y O A, (87 S B I b Y R R
PR B, WRCHE A AT 0T IR N OR 8 | T T AR
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T VA3 5 R 5 52 B 245 ) 43 0 WF A AE 25
DA K T 5 A 4 25 W) vk BB A0E AT 2 300 IO 5 UE ST
AR 5 3 13 ) 4% 24 B2 X6 L B UK 3 97 DPN A
TR S UEAT T W (F DR A T DRl ) 4 SR 5L
AR T 5S8R M, AR
1 STZ #E #5511 DPN K R A b 47 1 5250 503k, 3
Py S 50 45 HLAE WY 7B R AURE AT LA a0 45
H i) AMPK/PGC-1a/SirT3 38 4 0 36 0 BR 5 A Bl
ZoRRAL R 4 2 B2 25 AN TR T 25 R0RIE , A
RS W SE SR T S 5 K AR LB T . e
S 5E 0T DAL B0 L Al 1 1E A7 W R SO 25 4 A 43
4D JE % 43 A T 200 D S T 56

2 b AR 5 0L 9 4 24 3 2 o S B ORI
J7 DPN #EATHR ST, U 2k 4k 2 R 1l &5 B-4F £
B TR S RE EEEER S GBS ERT
IL-6 . TNF ,Aktl \NF-«B ,JUN .HSPOOAA 1 45 56 #1
AHI AMPK NF-«xB  JAK/STAT %5 {5 53 % , 76 i
SRR R R PR RN 1B R LR IR T RE AR 1 A
Jiph g e 8 % 2 07 B AW AEAE T . A0S i
W 2 24 B~ | X6k B JIURE 36 7 DPN A AR FHAIL 1 1F
17 50 F 2 W TR 2 845y L 2 80 8 R A DE
9%, I3 i S W S e B8 E T HARE R AL T 58 5 R R
B kL 8 #55. AMPK/PGC-1a/SirT3 {5 5 i B & 4% %F
DPN [ ¥A I7 AR HIAH 5G , S Wl 5 B 0K 1) 5 22 BF 5% 42
HET B A B A TR R o
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