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Effects of Bupleuri radix Extract on Axon Regrowth in the
Injured Sciatic Nerve of Rats

Jun-Hyuk Kang, Min-Seok Oh

Dept. of Oriental Rehabilitation Medicine, College of Oriental Medicine, Daejeon University

Objectives: The present study was performed to evaluate the potential effects of Bupleuri radix (SH) on regenerative
activities in the peripheral sciatic nerve after crushing injury in rats.

Methods: Axonal regeneration after crush injury in rats was analyzed by immunofluorescence staining using
anti-NF-200 antibody and retrograde tracing of Dil-axons. Changes in protein levels in the sciatic nerve axons and
DRG tissue were analyzed by Western blot analysis and immunofluorescence staining. Effects of SH extract treatment
on neurite outgrowth was examined by immunofluorescence staining for cultured DRG neurons.

Results: Major findings on the effects of SH extract treatment on axonal regeneration are summarized as follows.

1.

SH-mediated enhancement in axonal regeneration was identified by immuno- fluorescence straining of NF-200

protein and retrograde tracing of Dil-labeled axons.

2.

Axonal GAP-43 protein levels were upregulated by SH not only in the injured axons but also in the DRG sensory

neurons corresponding to sciatic sensory axons.

3.

Phospho-Erk1/2 protein levels were increased in both injured axonal area and DRG sensory neurons by SH.

Phospho-Erk1/2 was also found in non-neuronal cells in the injured axons.

4.
5.

SH elevated levels of Cdc2 protein produced in Schwann cells in the distal portions of injured sciatic nerves.
The neurite outgrowth of DRG sensory neurons in culture was augmented by SH, and these changes were

positively associated with GAP-43 production levels in the DRG neurons.
Conclusions: These data suggest that SH extract improves the regenerative responses of injured peripheral neurons,
and thus may be useful for understanding molecular basis for the development of therapeutic strategies.
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2) Western blot analysis

<% %% 137 mM NaCl, 2.7 mM KCl, 10
mM Na2PO4, 2 mM KH2PO4(pH 7.4)7} ¥
PBSZ A& & 50~200 pl¢ triton lysis buffer(20
mM Tris, pH7.4, 137 mM NaCl, 25 mM B-glycer-
ophosphate, pH7.14, 2 mM sodium pyrophosphate,
2 mM EDTA, 1 mM Na3VO4, 1% Triron X-100,
10% glycerol, 5 ng/ml leupeptin, 5 ug/ml aprotinin,
3 uM benzamidine, 0.5 mM DTT, 1 mM PMSF)9]

Table 1. Primary antibody

O
&
19
o
>x=

S 328l o8 AuksA AMET  (95)

7b 253 et 2 F 2 sampleol] g
dFeten, 1 3 10 g @MES
western analysisol] AFR3}ATE A4 ZF A
12% SDS-polyacrylaminde gel -electrophoresis(1.5
M Trisma base, 10% Sodium Dodecyl Sulfate, 30%
Acrylamide, 10% Ammonium Sulfate, TEMED) g1
A 2171995 A1Z1 & PVDF membrane(Pall Corporation,
US.A)dll H7]olE Al @Aste] HiSels 2
& =7 93l 3% bovine serum albumin(BSA),
0.1% Tween 205 ¥+3tal 1= TBS bufferol A
membraneS 1A|7F 59 AL WFSA]F]L 4TCol A
16A17F < blocking buffer oA W55 Z3hs}
Atk HH8-S £ membraneS washingdt & U3t
@& blocking buffer (1xTBS buffer, 3% BSA,
0.1% Tween 20)°] 1:10009] B &E 3|43l 4L
oA 30% & ¥
O] I anti-rabbit IgG(Santa Cruz, U.S.A.)7} A%
o] 91+ horseradish peroxidaseS 1:10002] H]&

2 A sto] FolA 308 5 APt oA 3
H Ao Ach v 2O Z membraned] H-ZH o
2 A& western blotting detection system= ©|-&-3}
o] =439 2 Kodak Scientific Imaging Film
(Eastman Kodak Co. U.S.A.)°ll 7H43l9th & 43
o AR&-gF YA = Table 19 YeEPH AT

Atk 1 & membraneS A

ol

=7

1 2 Hoechst 94

2.2 20°CoA WEAZ F cryostatS

ol-gata] 20 ime] FARE Ze} Sefol=o] FHA
o). olsH Y FIH(double immunofluorescence

Antibody for Western blotting

Antibody for immunofluorescence staining

Name of Antibody Company, Nation
GAP-43 antibody Santa Cruz Biotech, USA
Cdc2 Santa Cruz Biotech, USA

Erk1/2 Cell Signaling, USA

phospho-Erk1/2 Cell Signaling, USA
NGF Santa Cruz Biotech, USA
Cdk2 Santa Cruz Biotech, USA

Name of Antibody Company, Nation
NF-200 Sigma, USA
S10083 Dako, Denmark
Tujl Covance, USA
phospho-Erk1/2 Cell Signaling, USA
Cdc2 Santa Cruz Biotech, USA

GAP-43 Santa Cruz Biotech, USA
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staining) S F=3Y3}7] $18H, 4% paraformaldehyde, 4%
sucrose’} &3+E QARS8 (phosphate buffered
saline; PBS)°l 45% &9t &Elo|=s Yo Z3&
13T} HEo S =7] $30 blocking
bufferd] < F 4A17F 52t 2 2o IAFPAE
Agstdct. AFA= 2.5% BSA, 2.5% horse
serume 3t Sl blocking bufferol] 1:6000]

H &2 Este] 23 & 4°C°1W 16413t &3k 1k
SAAY. AEA ¥-E-o] 13 F PBST(PBS plus
0.1% triton X-100)Z 23S AU, 2.5% BSA,
sheeta = blocklng buffer

o] Fluorescein-goat anti-mouse(green)2} Rhodamine-

4 gi;‘:}-.g.

2.5% horse serum<

goat anti-rabbit antibody (Molecular probes)E 1:100
o2 Egate] GAdA 1A17F 30% Bk olAHA
ARE PSS, I 3800 A PBSTR 13
< T3t Hoechst & A4S 38l 45 2
3 A% F
PBST o2 g & thA] PBST %0“3 Al
ST o] XAl = el Riztste] QMo HPS
P 232 sample> 8333 1] 7d(Nikon fluorescent
microscope; Nikon model E-600, Kawasaki, Japan)
& a3l #FEHAA L, gAY R AL BE
images = Adobe Photoshop(version 5.5)< ©]-83}<]
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sttt 1831 Photoshop program®] Layer
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2] coverslipg poly-L-ornithine(0.1 mg/ml, Sigma,
U.S.A.)¥} laminin(0.02 mg/ml, Collaborate research,
US.A)S &3t 37T, 5% CO2 incubatorol Al
pre-coating 3tQAth BFS] 8F 4~51H F241HA
(dorsal root ganglia, DRG)S |3} ice-cold
DMEM medium(Gibco, U.S.A.)o] ¥t AAH L
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Fig. 2. Identification of regenerating axons in the sciatic

6) SAEA nerve 7 days after injury.
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Fig. 3. Comparison of GAP-43 protein levels between
Fig. 1. Identification of regenerating axons in the sciatic saline- and SH-treated animals in the sciatic
nerve 3 days after injury. nerves 3 days after sciatic nerve injury.
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Saline §
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Fig. 5. Immunofluorescence staining of dorsal root
ganglion(DRG) with anti—tubulin-200 antibody(Tuj)
and anti-GAP-43 antibody. The sections were
used for double immunofluorescence staining with
anti-NF-200 antibody(in green) and anti-GAP-43
antibody(in yellow) and examined under the
fluorescence microscope. Merged images(in
yellow) show the degree of GAP-43 signals within
the tubulin—labeled DRG sensory neurons.

Fig. 6. Immunofluorescence staining of dorsal root
ganglion (DRG) with anti-tubulin—-200 antibody(Tuj)
and anti-GAP-43 antibody. The sections were
used for double immunofluorescence staining with
anti-NF-200 antibody(in green) and anti-GAP-43
antibody(in yellow) and examined under the
fluorescence microscope. Merged images(in
yellow) shows the degree of GAP-43 signals
within the tubulin-labeled DRG sensory neurons.
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spinal cord ventral horn 3 and 7 days after sciatic

Fig. 9. Retrograde tracing of lower motor neurons in the
nerve injury.

3 dpc

Intact
Fig. 7. Retrograde tracing of DRG sensory neurons 3
days after sciatic nerve injury.
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10. Comparison of Cdc2 protein levels between
saline- and SH-treated animals in the sciatic
nerves 3 days after crush injury.
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) ....
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Fig. 11. Cdc2 protein levels in the sciatic nerve 7 days
after injury.
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Fig. 12. Examination of Erk1/2, NGF, and Cdk2 protein
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Fig. 14. Immunofluorescence staining of dorsal root
ganglion(DRG) with anti-tubulin—200
antibody(Tuj1) and anti-phospho-Erk1/2
antibody. The sections were used for double
immunofluorescence staining with anti—Tuj1
antibody(in green) and anti-phospho-Erk1/2
antibody(in red) and examined under the
fluorescence microscope. Merged images(in
yellow) shows the degree of phospho-Erk1/2
signals within the tubulin-labeled DRG sensory
neurons.
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Fig. 15. Examination of Cdk2 and NGF protein levels in
the sciatic nerve. Western blot analysis in the
nerve prepared from an intact animal(CTL) was
used as negative control. Protein lysate(10ug)
prepared from the nerve tissue(icm length
around the crush injury) was used for analysis of
nerve Cdk2(A) and nerve growth factor(NGF).
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Fig. 16. Identification of non—neuronal cells in the sciatic
nerve and comparison of the cell number
between saline— and SH-treated groups.
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Fig. 17. |dentification of non—-neuronal cells in the sciatic
nerve and comparison of the cell number
between saline- and SH-treated groups.
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Fig. 18. DRG culture was prepared from the rat which
had given sciatic nerve crush injury for 7 days
with saline or SH treatment in vivo.
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Fig. 19. Cells were treated with saline or SH(10pg/ml) and
cultured for 2 days.
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