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Effect of Gyehyuldeung Treatments in Peripheral Nerve Regeneration of Rat
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ABSTRACT

Objective : Gyehyuldeung (GHD) has been widely used in oriental medicine for the treatments of cardiovascular and
neurological disorders. Thus, its potential facilitatory activity on axonal regeneration was investigated in the rats.

Methods : Sprague-Dawley rats were given crush injury at the sciatic nerve and the changes of axon growth after nerve
injury on each nerve injury model were investigated with anti-NF-200 antibody, Dil, GAP-43 protein and Cdc2 protein

Results : GHD-mediated enhancement of axonal regeneration after crush injury was measured in both qualitative and
quantitative ways by immunofluorescence staining with anti-NF-200 antibody and retrograde tracing of fluorescence dye Dil.
GAP-43 protein levels were elevated by GHD treatments in the distal injured sciatic nerve and DRG sensory neurons. The
neurite outgrowth of DRG sensory neurons was facilitated by GHD treatment when co-cultured with Schwann cells and
astrocytes prepared from injured sciatic nerves and injured spinal cord tissues, respectively. It was observed that Cdc2 protein
was up-regulated in co-cultured Schwann cells or astrocytes and Cdc2 protein signals were co-localized to a certain extent with

those of phospho-vimentin protein.

Conclusions : These results suggest that GHD may play a facilitatory role in axonal regeneration by acting on the
injured axons and adjacent non-neuronal cells. The current findings may be useful for the development of therapeutic targets
through more specific explorations on molecular interactions between herbal components and endogenous factors.
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50-200u1 9] triton lysis buffer(20mM Tris, pH 7.4,
137mM NaCl, 25mM B-glycerophosphate, pH 7.14,
2mM sodium pyrophosphate, 2mM EDTA, 1mM
NasVOy, 1% Triron X-100, 10% glycerol, Hug/ml
leupeptin, bwe/ml aprotinin, 3um benzamidine, 0.5
mM DTT, 1 mM PMSF)ell 97} 225} Haj5ks
o} 2 % 7} sampleol] W3k SA-S A Fapolom,
I = 10w A8 western analysisol] AH&-3}43
o}, 174 z4 o AS 12% SDS-polyacrylaminde
gel electrophoresis (1.5M Tris base, 10% Sodium
dodecyl sulfate, 30% acrylamide, 10% Ammonium
Sulfate, TEMED) Aelld A 71935 A]7] ¥ PVDF
membrane (Pall Corporation, U.S.A.)el]l A7) o|%E
AlZ . Antibody €He] Bl S-e]A HgE =7] $)4)
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S 331 gl: TBS bufferel A membranes 1
AIZE o A dEAI7I ATA 16417 <t
blocking bufferitol A uHe-& AaPsidct. whes
L membranes washingdt 3 1213H4 S Blocking
buffer(1x TBS buffer, 3% BSA, 0.1% Tween 20)
o] 1:10009] w]&2 3AM3le] AF2ellA 30+ F<t 1k
$ AF 23 3 membranes AW 2L anti-rabbit
IgG(Santa Cruz. US.A.)7F Zg=]e] 1% horseradish
peroxidaseZ 19 10009] ®]&=Z 3]|A st} Abo
A 30% Tk Atar gA] & W Al vt
A9t 0 2 membraned] #2 F whiA-S Western
blot detection systeme o]-&3ted =339 o
Kodak Scientific Imaging Film (Eastman Kodak
Co.. USA)el 733 ol & Aol A3 dat
A= Table 13+ Zeh(Table 1).

Table 1. Western blotol] AF2E RIS
FAH 3 A Z 3|4

GAP-43 antibody Santa Cruz Biotech, U.S.A.
actin Santa Cruz Biotech. U.S.A.
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Zick. o]%F W% A (double immunofluorescence
staining) = 338l7] 18] 4% paraformaldehyde,
4% sucrose’} E3r¥ PBSel 45% F9F &£whol=
£ Yol A& IAA v Ee)H AL I
813 blocking bufferell T 3 447+ 59+ 74+ 24
of xS Aelstsieh. Ak = 2.5% BSA,
2.5% horse serume -3} 31= blocking buffer
of 1:60001 vl&Z &3] Aelgt & 4°ColM 16
AZE Fot vbEAI e AR ukgo] Bt &
PBSTZ z4& Ao 25% BSA. 25% horse
serume 3581 9)= blocking bufferell Fluorescein
-goat anti-mouse (green, Molecular Probes, U.S.A.)
2} Rhodamine-goat anti-rabbit antibody (Molecular
probes, U.SA)E 1:10002 &3Fsle] Ao 1
AIZE 30+ 5ot ol XA Mg sk 238
A A2 % 33]9] ZA PBST (phosphate-buffered
saline with 0.1% triton x100)5 4~3}3}1v}. Hoechst
3 AL el 7% 23] AlA 3 0.25% Hoechst
33258 988 &#3 PBST £z g & ¢
Al PBST &l oz A=Azttt = WA antibody
T el w77 wiEel] uke A7HEQE "EEA]
HAe A 8ttt BE 24 sample> ¥3d
)74 (Nikon model E-600, Japan)< E3 25 o]
A3, YA shetE A2 2 imagest Adobe
photoshop(version 5.5)< o] &3le] HA =l A<
B9 ARE 2 v 2ZAHAH FEAsAH
78] 7 photoshop program®] layer blending mode
optionsS ©] &3} imagesE FEA|A AAFgoz
A 72 e A E HEs . E A
A3 Ax8HA = Table 29F 2w} (Table 2).
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Table 2. HAHZAHM0| AIEE LIS

A A 23] A

NF-200 Sigma, U.S.A.
S1008 Dako, Denmark
GAP-43 Santa Cruz Biotech, U.S.A.
BDNF Santa Cruz Biotech, U.S.A.
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Fig. 1. ldentification of regenering axons in the
sciatic nerve 5 days after injury.

The sciatic nerve sections were prepared 5 days
after crush injury. When the crush injury was given,
saline or GHD was injected into the injury site.
Nerve sections from uninjured intact animal (Intact)
was used as a negative control. The sections
were used for immunofluorescence staining with
anti-NF-200 antibody and examined under the
fluorescence microscope. The NF-200 stained
images were prepared from the injury site, 3
and Smm distal to the injury areas.
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Fig. 2. ldentification of non-neuronal cells in the
sciatic nerve sections and comparison of the
cell number between saline and GHD-treated
groups.

The sciatic nerve was given crush injury, and
saline or GHD was treated. Five days later, the
longitudinal nerve sections were prepared and used
for nuclear staining using Hoechst33258 dye to
visualize non-neuronal cells in the nerve. Nerve
section from uninjured intact animal (Intact)
was used as a negative control. In saline- and
GHD-treated groups, the images at positions 0
mm (Le., injury site), and 3mm and 5mm distal
to the injury site were represented in the Figure.
(A) Hoechst nuclear staining. (B) Quantitative
comparison of the cell number among different
treatments(**p < 0.01, Student’s t-test).
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3) GAP-43 ©Ale E3F Western blot ¥4 32 saline, and GHD -treated animals, and 15ug of
RS 7ehR] ke A A ol A GAP-43 THilR protein was used for individual samples.

oA A S gt $AE AR e 1) GAP-43% NF-200 Sid e B o5

£ 2959l ARl GAP-43 o] AAde] S84 B3

IS Sy e AR AT ST oapn waae e el 9 gl

HA SRR T ) CAP-3 o) 244 $EE W9F A o3t

e Distal of EAS A3 AQ4 2L A4S &4 ud

B2 ZpF GAP-43 9 Aart Faste oz

intact saline GHD_saline GHD  wjejspey, wiat gimie Aelee <4313 o

GAP43 | - % 5m AL AR 20 A5E hehiol

% 35 7 . 4 tH(Fig. 4A). €4 BxA1A oA Fd== GAP-43

Fig. 3. Comparison of GAP-43 protein levels between o] A BXE AR FAA RAFH=

saline-and GHD-treated animals by Western NF-200 sh o] )3t o]F wegFRA L A4

blot analysis. & Az Aeze] GAP-43 & 24 o9 HAl

Al
The sciatic nerve lysate at the injury area (lem ANE 2 2R Hys:= Aoz HaAF
length) was prepared 5 days after injury for Western
blot analysis of GAP-43 protein. The sciatic nerve
tissues were prepared from the intact animal,

Saline Injury site

Fig. 4. Comparison of GAP-43 protein levels between saline-and GHD-treated animals in the sciatic nerves
by immunofluorescence staining analysis.

(A) GAP-43 protein signals identified in the longitudinal sciatic nerve sections 5 days after injury. No clear GAP-43
protein signals were identified in the intact section. GAP-43 protein signals were compared at the same distances
from the injury site between saline and GHD-treated groups (injury site, 3 and bSmm distal to the injury site).
(B) Merge image analysis for the localization of GAP-43 protein signals on the sciatic nerve tissues. GAP-43
protein signals were overlapped partially with NF-200-labeled axons (seen in yellow in the merged image).
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Fig. b. Imunoﬂuorescence staining of G-43 protein
signals in the DRG tissues.

DRG at lumbar 4 and 5 were prepared 5 days after
sciatic nerve injury and the sections were used for
immunofluorescence staining for the sections of
NF-200 (green) and GAP-43 (red) protein signals.
GAP-43 protein signals in DRG sections were compared
between saline- and GHD-treated groups.
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Fig. 6. Retrograde tracing of DRG sensory neurons
5 days after sciatic nerve injury.

After nerve injury and Dil injection. DRG was
prepared 5 days after surgical procedure and 20
um sections were prepared for further analysis.
(A) Dil-impregnated sensory neurons were visualized
under the fluorescence microscope (red). The images
on the right side are the enlarged view(20x) of
the images corresponding to the left side(4x).
(B) A total of Dil-labeled cells was counted in
individual fields and mean cell numbers were
compared among different treatments. (mean *
SEM, **p<0.01, N=5, Student’s t-test).
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Fig. 1. Retrograde tracing of lower motor neurons
in the spinal cord ventral horn 5 days
after sciatic nerve injury.

The longitudinal spinal cord sections were prepared
5 days after surgical procedure and 20um sections
were prepared for further analysis. (A) Dil-impregnated
motor neurons were visualized under the fluorescence
microscope (red). The images on the right side are
the enlarged view (20%) of the images corresponding
to the left side (4x). (B) All the Dil-labeled cells
were counted in individual fields and mean cell
numbers were compared among groups with different
treatments. (mean + SEM, n = 5, p < 0.0,
Student’s t-test).
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Saline

merged

GHD

Fig. 8. Neurite outgrowth of DRG sensory neurons
cultured with sciatic nerve Schwann cells.

Animals were treated with saline or GHD when
the crush injury was given. DRG sensory neurons
which were prepared from lumbar 4 and 5 at 5
days after crush injury were cultured with Schwann
cell prepared from the sciatic nerve given crush
injury for 2 days. Then, the cells were fixed and
used for double immunofluorescence analysis with
anti-BIII-tubulin antibody(Tujl) and anti-S100
antibody. Protein signals for tubulin and S1008
identified sensory neurons and Schwann cells
respectively. For the purpose of clearer illustration of
images, merged images are shown in an enlarged view.
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Fig. 9. Neurite outgrowth of DRG sensory neurons
cultured with spinal cord glial cells.

Animals were treated with saline or GHD when
the crush injury was given. DRG sensory neurons
which was prepared from lumbar 4 and 5 at 5
days after crush injury were cultured with glial
cells prepared from spinal cord given contusion
injury for 3 days. Two days later, the cells were
fixed and used for double immunofluorescence
analysis with anti-NF-200 antibody (green) and
anti-GFAP (red) antibodies to identify neurons
and astrocytes respectively.
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