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Gene screening of Buyang Huanwu Decoction used for delaying denervated tibial
muscle atrophy of rats

ZHOU Lan, WU Hao-xin, MEI Xiao-yun
Basical Medical College, Nanjing University of Traditional Chinese Medicine, Nanjing 210023, China

Abstract: Objective To screen the target gene of Buyang Huanwu Decoction (BHD) used for delaying denervated tibial muscle
atrophy of rats by genechip technique and to verify the differentially expressed gene PI3K. Methods After 20 Sprague-Dawley (SD)
rats were subjected to common peroneal nerve crush model of 5 mm injury, they were randomly divided into BHD and model groups,
for daily ig administration of drugs after operation. The drug administration lasted for 18 d, the genechip analysis was performed to
screen the differentially expressed gene. Then, RT-PCR and Western-blotting were used to detect the differential expression of PI3K
and protein. Results Compared with the model group, there was a significant difference of gene expression profile in BHD group.
Among them, the expression of 14 genes had up-regulation and 10 genes had down-regulation. In the differential expression genes,
Angptl4 and Pik3c2g had the more obvious change (up-regulation for 5-fold). Simultaneously, the validation tests showed: Compared
with the model group, the PI3K mRNA and protein expression in the BHD mid- and high-dose (crude drug 12.96 and 25.92 g/kg)
groups increased significantly (P < 0.05, 0.01). Conclusion The preventive and therapeutic effects of BHD on denervated tibial
muscle atrophy of rats are relevant with the regulation of many related genes. The mechanism may be as follows: promoting energy
synthesis and blood neogenesis, neuroprotection, anti-apoptosis, and inhibition of collage synthesis; BHD could delay the denervated
tibial muscle atrophy of rats by increasing the expression of PI3K and protein; The activation of PI3K/Akt signal transduction pathway
probably play an important role in delaying the denervated muscle atropy by BHD.
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ST SR HT B IR LA 22 4 2 B R i S
MERR . AN L ZE 40 8 THE e 2 ) R Y.
HI AR A I AR BH I8 70 R & L2 40 A AT
TR0, DRI LR W LA B A HE BB 9Y fR) O%
o SR H BT A B T TR LA R A
JR, S DR B M A KSE RIS AR I B
Do IEAKIFUR K SUHE S AP 28 Je e, A
FHHEDRLES v BRI e 4 BH 3 Tz A G 0 22 S ik
LM, iz I SERT 9t E f PCR (RT-PCR) %)
ENRGUE PI3K DA 5 8 1) 22 5 3RA, M — D8R
ANBHIE T RS RAP AL ZE 4 1 53§ BLik o
1 w8l
1.1 SRZY)

FMHIE Tz CEHEE EE 120 g« 2401 6 g A5 2 6 g.
3 g NIIE 3 gy 20463 g BHZ 3 g Al FIAE
P, WRATHGRTE, BREMM T AL 4 g, H
P 0 R 24 KA 2 2 e R TR A S TN 4 C K
FrhfRAr & . TR fR, 500 pg/frs DA CRED
PP PR A A= (k5 H20030812).

1.2 FENFERF

ABI7500 Real-time %¢ (7€ it PCR 1%+ line-gene
K FQD—48A M7JE# PCR Kl RS, MI—
PTC200 PCR 4 3% 1 DNA/RNA Jll 51X~ Trizol
RNA #HGA5) N Invitrogen A& F= 5 M-MLV
[ 5B (M1705), GoTaq® qPCR Master Mix
(promega A6001) & dANTP & Promega 2\ w17 filis
Oligo dT18. Random primer. RNase Inhibitor 4 F§
FEXEMHEARA A F = 5135t b A T
A T B
2 FHE
2.1 SRS 4A

ARSI SPF Zifebk SD KRR, M5 200 g
fii, MR TR LRS Y iR . DI
SR SPIRENLSY R 2 A FMHIE TUAH 2 SR
CERRER/KAD, R4 10 JURR; BRI UE SR 304
BENL A 6 A T AR4L, BOAL, #MNHIE 75
o AR, TRATERA, B4l 10 HOKEL. R
IS LIE N PEESR 1 R B E G e ah 1 xCUSE 5
22 KRHEMERGIREFERED

KRR, PLES BRI (2 mL/kg) ip

RIER B, 228G IE PR 1.5 em VI, AKIRVIIT B
JRARHNG, Vi 5 I 78 50 Z HR AL B PR B o 1) R gk
ITHEBAPLE IR, LA 14 cm 1EmAl, Aasikidfk
JHESAEE 3 UK, 10 s/R, BRXIEIRE 10 s, B4
(F155 155k 5 mmU! 4540530 35 A A% % A 2R A
id, BEEAETARYI. AEmd A -— N H Tk
B, DRFFI R BE R 8 — 1k o BRI 2% SR 5 ]
TSI A B P R 2 K AE s e s b gk AT, F
ARG S IRAS [R5 53 S 55

IRER 2 RIFUR ig 4h2h, #MNHIETLBARE R
A2 2592, 12.96. 6.48 g/kg CHPEA Y TImRAE
gD O A B AR KRR A 4 mL, BT R4S
L5 T A E K 4 mL, SR AT ORI N 625 pg/kg.
SE PRI 6 S50 R AN IE Tz K 25.92 glkgo
23 #WERZETEHR (NF) REALKLERE

RS, KRIEBG, BUHZEERAAT KRR
WUV, AT e P e th, IER A0 (1!
20) PR RS A AL, 20 min Ji5 K BREANE
UE: anti-NF100 (1 : 200, Sigma) =i H 24 h;
0.01 mol/L PBS ¥yt 5 min, 3 ¥&; FITC ¥ric HIHi/
Pt (1 : 400D =5 5 ) /1 2 h; 0.01 mol/L PBS
EYE S min, 3 K 50%H-PBS & s 9B
BEWLER .
24 BERTHFENESERNRIE

RIGH 18 K, ez, BWORMERTVUIL
fE A2, SERIEUN Trizol b, % BSR4
W08 w) AT RLES Ao R o ASHIE ST F 1 2 R8s
K B A HE R 2 #3515 F L 5l GeneChip® Rat
Genome 230 2.0 Arrays, g2 2EW) A wl $eAit
2.5 RT-PCR #&ill PI3K EEFKiX

RIGH 18 K, ahesiia, THUEETIE
WU ZR, SERION Trizol FH42HUE RNA, ZHZ15)H
Jii % N\ Eppendorf &, Zi# & 5 min; A 0.2 mL
AU RIZERE 15 s o, FiJIE 3 ming 12 000
t/min, 4 ‘CEL 15 min; B BIEWR, IIAEAR R
fi 25 YRR 10 min, 12 000 r/min, 4 °C 250> 10 min.
PUIE I 75% LW PEV: 1K, T4 5 min, I DEPC
b BT (K TG B 7K A RNA AN 0GR T K
260 nm H1 280 nm ALWE OGRS, BEAT € S A4l
FERTI, % o 7oe bk, PBK IEWM 514
5’-CCGACCGCTAAGGTTCCAGG-3, I 5|4):
5"-GGTGTGAACATGACCGAGGCT-3"; B-actin IF
f514: 5-GGGAAATCGTGCGTGACATT-3"; ¢
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[514%): 5°-GCGGCAGTGGCCATCTC-3", ik
LU B BAT: K HG IR K 0.2 mL PCR
BN B RNA 2 pg+ Oligo dT 1 uL+ Random
primer 1 pL, JCHZRMGHIAZEK N2 B 13.5
uL, 65 CLRiH 5 min, 285 VK#T 5 min; 0.2 mL PCR
BRI RNase #lI#IF] 0.5 uL M-MLV 5X
Reaction Buffer 4 pL. dNTPs 1 uL. ¥55%§ 1 uL,
SRR 20 uLo SEfE 37 CLRIE 1h, 2R)5 70 CHRR
15 min, PCR ##f§4% LA NPT 25 pL R VAR
72X qPCR Master Mix 12.5 uL, Wi 5% J5 ] cDNA 2
uL, 2 pmolV/L ERiF514) 2.5 pL, Nuclease-Free
Water 9.5 uL. PCR fiALFEF A 95 CTAE M 2 min,
95 C. 155, 60 ‘C. 1min, 40 M,
2.6 Western-blotting 12| PI3K & H &KX

VKGR RTL, I ANHERTTA 1F) RI-PA 3
A, A A8519 10 min, 4 C. 12 000 t/min &
L 5min, BCEWR, WESEARS, &K S
min {8 F1A8PE, 12 000 t/min B0 5 min, B
R —AELE T, 20 CHRAF. LREZHE
VKA, RJGIRIEFAE A NC I 1, i TBST %l
B 2 h, 48915 PIBK . B-actin —Hi % i
¥ H 2 h, TBST PEME 3 IR, 10 min/ik, 5 BRI
FALEE LAY —PTEIRFE 2 h, TBST PEME 3
2 10 min/IR, RO 52 Ja R g o3 I A 4
JE AT B3 M. 5 PI3K 5 N2 B-actin K LE
B, DARAE R 8 AR R & .
2.7 GFitah

HARBILL X £5 LR, R SPSS 17.0 Ge it A
AT FAEAS ¢ K50
3 #R
31 WELEAREGHEANFELE

A S R ST BH I 3 5 R A L L ZE S 1)
TRYERT, 3R O R & Je e, A
AT 53% F Sunderland T1 & (Seddon IT) 4545
. B, BRI B 5 R AL U AR, 1
PR AN R SE 2L, 2 S5 LA D RE R R B2
Sy SR AR R SR BT . AR
MG, WAL AN 22 R (A R S g 8
ANBIYEAS 5 58 R, LI A P S LA 58
WL, UESE TIERIS) . W 1.
32 DREXESHRE

B R PRANRE i CREASFE SO BY 1 7k )
()0 I R JEAT EC B 245 205 22 A3 201 .

BFAR B
1 MFLEARGARUFEE

Fig.1 Immunohistochemical staining of neurofilament protein

Affymetrix FIA 15O #E LATOE, B A5,
RMRE S R “RIE” AW, — R UG
B EE e “RE” 1. B2 hafig “K
K7 BREE AR, Bt “N T RIERIARE
Z 08”7 EREF LR, WA “ANRIR” ERET LRI
Kl 2 & MASS J7iE 0 A e AR LURAS 20 o HOa
x ANy Bl i ACER R LU R PR AN o0 N PR
PGS (DD K. XLk R RiE TRk
PIFED, B A BRI HESI) 4 4°PAT 2o iR
L3 fE. B2 5. T2 5. T 3 5. A
1T x FhER y i, FRIIXIEN = R RIA B

Gaol8-SHL-Signal
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2 BRRARESHAE
Fig. 2 Scatter plot of chip hybridization signal

3.3 #MHERIAE SERERBIAERZET K

ANE T EA 18 d Ja, B A4as gt Bk,
FINBH I 197 20 18 VLSS DR 3k B B TR A A LU AT i
FES (ERRE2 5L, H14 £EREE
R, 10 SERRIE T RSP ARk B
FIFEEDE Dl Angptl4 55 Pik3c2g, HAILD ThAE T2 E
Rk fe Ak, A SIL N 1 ThREAN A, HAk b
WEER L 1.

TSP 5 A B Na© s KO, BRIEA R
FOIE B A, T L. BT LI R ) T
REAN AR, HAR AR I 2.
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F1 #PREHAESERE K FRIE FANER
Table 1 Up-regulated genes in BHD group compared with model group
£ ID BERI 55 K44 F5R R ThaE FE S ARIEAEHY
AA818262 Angptl4 angiopoietin-like 4 M H A 15.87
NM _053923.1 Pik3c2g phosphoinositide-3-kinase, class 2, gamma polypeptide G 5.00
NM_133606.1  Ehhadh enoyl-coenzyme A (CoA), hydratase/3-hydroxyacyl CoA {EHERERA B 2.92
dehydrogenase
BI274605 Ucp3 uncoupling protein 3 (mitochondrial, proton carrier) {RERER A 2.51
M33648.1 Hmgcs2 3-hydroxy-3-methylglutaryl-CoA synthase 2 (mitochondrial) it ¥EGE& £k 2.32
NM 031559.1 Cptla carnitine palmitoyltransferase 1a, liver {RPERER A 231
Y09333.1 Acot2 acyl-CoA thioesterase 2 {RRERER A 223
NM 053477.1 MLycd malonyl-CoA decarboxylase {RERER A 221
BI278288 Pnpla2 patatin-like phospholipase domain containing 2 fe it Be A K 2.18
NM 053716.1  Fbp2 fructose-1, 6-bisphosphatase 2 e ERE B A 2.05
NM_019157.1  Aqp7 aquaporin 7 Dhre A 3.90
BI1283223 Rbp7 retinol binding protein 7, cellular e 2.53
NM_080892.1  Selenbpl  selenium binding protein 1 IReA I 2.52
BE110883 Ttk Ttk protein kinase IReA I 2.15
%2 I PREIAHHESERALLRFETENER
Table 2 Down-regulated genes in BHD group compared with model group
APID WS S 44 7 ERRE ARG
BE097574 Kcnabl potassium voltage-gated channel, shaker-related subfamily, K'iHi& -2.79
beta member 1
BI274401 P4hal procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline  Ji J5i & Jik -2.67
4-hydroxylase), alpha
NM_022290.1 Tnmd tenomodulin 030 00 T A -2.17
BI288619 Jun jun oncogene JAT: -2.11
NM _030875.1 Scnla sodium channel, voltage-gated, type I, alpha Na "l i —2.11
AA957801 Msi2 musashi homolog 2 (Drosophila) THHEAN BHAff -2.56
Al411594 Plscr2 phospholipid scramblase 2 THHEA Al -2.37
AI170193 Rcanl regulator of calcineurin 1 The A Wl -2.07
Al706673 Wasl Wiskott-Aldrich syndrome-like ThEE A B4l —-2.04
AA901203 ZHp91 zinc finger protein 91 ThE A Wi -2.03

34 PBKEEAZEXRRERIMPHERRIE

DA B-actin N2, HIETFARLIMLL, S4K
BRI AT IVL PIBK. mRNA 234 55 AN [ B 82 1) [
it (P<<0.01); #MHIETLZ . mflEdl SRR
FHEE, PI3K mRNA RIA &3 B THE (P<0.05.
0.01), TSR AT PR4L-5 #MSHIE TLiz 4 1] L L geit2%
ZE5 (P>0.05); AMHETLZ R . AR ELLH
WL G T2 2R (P>0.05). 45 B8 WIAMH
B A Re W BN PI3K LK RIL, Wk 3.

3.5 PBK EHAKXBRRATAMPHERRIE

PL B-actin fE A2, PI3K [HHL 13RI & MK
JEM R, SFARGILE, SR m L
PI3K & (IRE L (P<0.01); #MHIE T w5
A SR L, PI3K R ARKETIE (P<
0.05. 0.01), TfiysRn] fREAE #MHIE Fim 4L o ge ik
e (P>0.05); FMHIE B 7. . KR
PRt E ST 24 225 (P>0.05). 45 REL W4k
FHIE Tz RE W B4 n PIBK B 1A WL 3.
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%3 PIBK mRNA EREXRZATANPRIZEFFRIE
(xts,n=10)
Table 3 Differential expression of PI3K mRNA in tibial

muscle of rats (x+s,n=10)

4151 #E /(gkg!)  PI3K/PB-actin
(EERZN — 3.831£0.41
R — 1.62+0.17"
PRAT R 6.25X10* 29840217
HNBHIE F3%) 25.92 3.184+0.13"%

12.96 1.86+0.25"
6.48 1.76+0.18"

ST AR TP<0.01; HERLLE: 'P<0.05 "P<0.01
P <0.01 vs Sham group; "P<0.05 P <0.01 vs model group

- s e s @D QP -0

-y & ow = - PI3K

BFAR _2592 1296 648
HWHET / (gkg ™)

CICINT

3.0

E il EE i

lnanag

ﬂfx%k 259 12.96 648  GRAT{E AR
AWETLG / (gkg™)

PI3K #Exa‘fzi&)i

ST E: "P<0.01; SHRALE: P<0.05 ™P<0.01

P <0.01 vs Sham group; "P<0.05 *P<0.01 vs model group

3 PBK EHEXREAIAPRIFRIE

Fig. 3 Expression of PI3K protein in tibial muscle of rats
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RIS i 4 RN, B AR s W] 2 1) A2

Angptl4 BEPR, HOR I AR BGRAH G T BRI,
Z 5T MERKER, 50 ER UK. 5T
AESE), Angptld J 38 I A1 P Bz 40 M S 1) 52
Tie-2 454, (RREH A M (AR IEAR AN . R
A BIREST LR, Angptld FEDH eSS {2k RS =
Bk AT 2 EPRIE A R A
Wik Le Jan 2 PM4 541 Angptld i3 CHO 40 Jfif%
RS RN, 51 BH b PR 2 1t A 7 o B Il
(R FEH 404 . Hermann' "'t W] Angptld 78T %
(TG R RE T I AR e BT A, B
F WML HENY, R JULET 4 J8 FEER AT — AN Rk 1)
B i %, R R O BEL BT s L) I 2,
Ho2 0T LA Pt o™ PR T . DRI, R G A
SENVAIE W AR TS ST b 5 (1) o RANEE 5 B4 M5
IR AIRE R (1 1 B LT A e R AR, 30K
P BRI B 40 L 5 LT dE S Le ) R
Bt DRI, ANFE AL (IR R T AL 5 e 22
HHVLE N E R N mIERS SRR 4
FHSE Tz KA B 5L 18 d, Angptld K2y
A5 A%, HO AR & A RIAKHE Angptl4 £
Sr. B [PPSR N KEBY N TR s L BN NE
o AT G Angptl4 JEFIFRIA F,
MR E LA B A, 3860 2P 8 22 45 UL PR (9 10 948 it
I, REGEILEE S ) R

AL, Pik3c2g MIRIELALMARIA S, 21E
18 d J5 M2 5 65, PI3K RIBENRMENLEE-3-150
e ARV 2 IR FUMIE 1) K K% . 17 Pik3c2g At
Horp—B. 1 Akt (PKB) #7A /& PI3K HHE R
WEVE RIS R . PIBK R L% PI3K/Akt 15 5 4% Sl %
MAERN R EZ R Y #ER . B, PI3K/Akt
F I B A A A A R, I = R AR R
AR TR PR A VLT A0 i 14
Eiords LTI A0 R AE 2 AR S I Re
AL ke g5 ORI, AHAE TomE R S
Pik3c2g FEKFIAW] B . [FIAE M mRNA Al
HEAFRIE TS g R BtEe, RS
YEF I AMHIE oz T il PIBK/Akt 15 5 1 B 11
WOSTEIE LR R 2 2 b R A R .
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O I e 4 R R I Al ERAER, FEE—
e BRI R A I R . EP R, R
SRS SIhREMADL. TARAUERT ST P R B,
ANBHIE Tz JE, R R AL B i 28 I 1A e
WHRZ MR R. PIRCHEN, #MHIE 1137 ] e IE
AR RE AR, HOIULA I RE SR AL, 4E
L AN L ZE 4 o

AWFITUESE, Na'5 K3yl (i) sk s
FIAT AR A, R o Ry e,
AR I, Za/E G R AR Na™y K'Jl
I RIE TR, DICHEN: XSS RIE NS
AT R TE Ik AR B3 A7 o 8 T R 4 2R A 8 UL 25 4 1) O
FEH, EEDINLHIL 28] . Tenomodulin
(TeM) 2 — PSS 1, 2Pt i
M AR AR 7, e AR AN R e L A
B A 36 A2 R AR S R T L E 0 2 I
LA AR R P AT WK B IS T
YERIJG TeM 35 B, AT BEAR T if A5 8 2 (1 4]
ER, IRUE AT RedE— e R bocs s, (et 2540
IVLPRIRI S o 2 MR 12t 52 38 oy 8 R DR R 42 1) 32 30
AP B R TR Har, B AR
JUE S MR T 5 R A LS 0 1 i A 2 DA
K, Jun B c-jun FERIFIFRA ), BAMRET:
ER . TAMHIE TLAER G Jun JEFRIZRIE TR, Ui
B 24048 T REIE 405 T AE R LS 4 ) o AT
TAME TR, I BE-4-2 08 (P4hal) &
WSS R B, R B e, ISR 4T 4k bt
F RN A K B WG 22, XS AR 1 R R
21 4 0] i A P A A 8 T T S IR VLI A B R
bee, 1 RCR M B ENITh RE A . Z91EH] 18
dJa, MRBE-4-FRBESE R R IA D, e J5 A A
WA D, AT REAT RLT 10 AP 2 B WL i S 2
el =t [N, IR BE-4-F2 A0 Bt 2 AR S I
F-lo CHIF-D [FFEM# 1, 17 HIF-1 0] DUE {2k
MAEFA . MGG AU IR G55
T A R SR AL LU AR E N TS, 2y a
)G, Pdhal & N[, X HIF-T (R AR E 0K
/b, AT HIF-T B0, DRk y DLd i i 42 2
FEPRIR Ik, AR e i R4 ZH 2 22 4 S (R AR A A
Fo BRIk, INSH I T3 4E 2R VL2 445 11 2B T e 3l
I B#A% P4hal (WL IR B IR AR 4 (1) A i, 38500
HIF-1 ) R AP 2 20 23 ORA 4 1T S

gr Pk, RIHEERLE BRI IE T #H G

Dl FHRANZE VL 25 4 A K Bl 5 1R 22 e B BRI
I BRI T AN BHIE T 18 % R o 2 L ZE 4 1) 93 1
Bl 2590 FNPHIE Fi b R L2545 1 7
TEAE S L0 2 P DL PR R 0¢,  SLHLEI AT
Aol e gt fe A S A BT AR DRI pREe . 0
A0 M98 T 5 R A T TH R BT IR R A L2
A0 KA . PI3K/AKt {5 5 i 508 B 2 A W 0 28 11
B DS AR (R R A S LR R A
L BE 58 5 oAk, R 4 i R 5 22 P AR EE ) B
(Al , PI3K/Akt 15 = 8 i IR0 vl REAE AN b 137
REGERAP LI 40 T R AR
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