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Alteration of Neural Activity and Effect of Yanggyuksanhwa-tang(Lianggesanhuo-tang) on
Cerebral Ischemia of Aged BCAO Rats; [“C]2-Deoxyglucose Autoradiography Study

Cheol-Hoon Sohn, Jung-Won Shin, Youngjoo Sohn”, Hyuk-Sang Jung, Ran Won®”, Nak-Won Sohn”

Department of Anatomy, College of Oriental Medicine,
Department of Neuroscience, Graduate School of East-West Medical Science Kyung Hee University”

Objective : This study investigated the alteration of neural activity and effect of Yanggyuksanhwa-tang (Lianggesanhuo-
tang) on cerebral ischemia of rats.

Methods : Considering age-related impact on cerebral ischemia, aged rats (18 months old) were used for this study.
Ischemic damage was induced by the transient occlusion of bilateral common carotid arteries (BCAQ) with hypotension.
Yanggyuksanhwa-tang (Lianggesanhuo-tang) was administered twice a day orally. Then alterations of neural activities in the
brain of aged BCAO rats were measured by the [“C]2-deoxyglucose autoradiography method.

Results : The BCAO in aged rats led to significant decrease of neural activity in the whole brain. Treatment with
Yanggyuksanhwa-tang (Lianggesanhuo-tang) significantly attenuated the decrease of neural activity in the whole brain
following BCAOQ ischemia. Treatment significantly attenuated the decrease of neural activity in the CA1, CA2, CA3, dentate
gyrus of the hippocampus, activated barrel, barrel cortex, somatosensory cortex, cingulate cortex, caudate putamen, and
medial septal nucleus following BCAO in aged rats. Treatment with Yanggyuksanhwa-tang (Lianggesanhuo-tang) also
significantly attenuated the decrease of neural activity in the anteroventral thalamic nucleus, ventral anterior thalamic
nucleus, arcuate nucleus, posterior hypothalamic area, medial mammillary nuclevs, lateral periaqueductal gray, dorsal raphe
nucleus, interpeduncular nucleus, median raphe nucleus, and medial pontine nucleus.

Conclusion : It can be suggested that Yanggyuksanhwa-tang (Lianggesanhuo-tang) has a neuroprotective effect on
cerebral ischemia through the control of glucose metabolic rate and cerebral blood flow. (J Korean Oriental Med
2003,24(3):51-64)
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Fig. 1. A physiograph chart recorded the mean arterial blood
pressure (MABP) from the femoral artery. The MABP
was decreased to ~40 mmHg. Bilateral common
carotid artery occlusion was maintained for 8 min.
Then the blood flow was reperfused, and the MABP
was restored.
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Fig. 2. Changes of neural activities in corpus callosum and
whole brain of aged BCAQ rats. Sham means sham
operated group without hypotension and bilateral
common carotid artery occlusion. Control means the
group operated with 40 mmHg of hypotension and
bilateral common carotid artery occlusion for 8
minutes on aged rats. Sample means the group
operated as same as control group and treated with
Yanggyuksanhwa-tang (Lianggesanhuo-tang).
Yanggyuksanhwa-tang (Lianggesanhuo-tang)
increased significantly the metabolism of neuronal
activity in whole brain following the BCAO of aged
rats

TSl 3kl thak (14C)2-Deoxyglucose utoradiography 9  (485)

IA = F7HE, DGA = p<0.059] o4 U=
Z7He JEIAT ole FiE#ckiBel Folvl = A
T thAt A XS K3k, o]d o3t HEE
2 218t Hafule] fiEE 4L dAlste AS
Helll= 472 Azt (Fig. 389,10 %)
3. O] 2t 59{o| CHAtEH st
2-DG autoradiography 24 F<t 255 we CY
o] AufFH<l 24 barreld 1 FH Q] barrel
EH A9 A (=24, cerebral cortex) 4 zﬂ A 7245 A
(A4 22 4, somatosensory cortex) - oA FHiE
Aok Tl vt p<0.05 2 p<0.019]
o4 e tArEA Y F7HE JERATE =8 gl

Aol dyEol thAu A (w24, cingulate cortex)

©Q
o
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Fig. 3. Changes of neural activities in hippocampus of aged
BCAO rats. Sham means sham operated group
without hypotension and bilateral common carotid
artery occlusion. Control means the group operated
with 40 mmHg of hypotension and bilateral common
carotid artery occlusion for 8 minutes on aged rats.
Sample means the group operated as same as
control group and treated with Yanggyuksanhwa-tang
(Lianggesanhuo-tang). Yanggyuksanhwa-tang
(Lianggesanhuo-tang) increased significantly the
metabolism of neuronal activity in CA1, CA2, CA3,
and DG of hippocampus following the BCAO of aged
rats.

Abbreviations : CA1; field CA1 of hippocampus,
CA2; field CA2 of hippocampus, CA3; field CA3 of
hippocampus, DG; dentate gyrus
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M= p<0.059] el Sle WA S7F v

B, g d s 72 FolAMe vz
(me] Z7}v] 3, caudate putamen)¥} W ZFA 3 (QH&
Aol 2hal, medial septal nucleus) F oA Zhz}
p<0.01 & p<0.058} #24 sl& dArEA e F717h
vebgt 2 FAHQ A AR e Table 2004 B
o] 11 Sict. (Table 2, Fig. 7 &%)

o] 9jol Table 20| Hof & ulel 2ol ti 9] of
2R A0 (LA 42
A, primary auditory cortex), &] S&3T (7}53 e,
AEFAE (daEFEE

#¥ (accumbens nucleus), ¢

lateral globus pallidus), ¥

Table 2. Changes of Neural Activities in Cerebrum of Aged

BCAO Rats (mCi/100g)
Brain Areas Sham Controt Sample
ActB 1252166 959+2.1 1145+6.1*
BCx 105729 73.4+33 89.8+2.5%*
S1 104.7+£2.8 74.3+3.8 89.0+2.4**
Cg 106.0+3.7 755+34 90.1+£3.2%
CPu 935429 668117 79.51£2.5%*
MS 932%26 59.7+1.8 69.7+3.0*
M1 93.4+3.6 68.7+3.2 747128
Au 131.5+43 93.1+30 98.6+32
PRh 80.7+39 60.2+3.1 68.61+3.3
LEnt 86.8+4.4 60.012.9 694135
MEnt 90.8+3.7 63.1+2.1 68.1+2.8
RSA 94.8+23 663142 744+1.8
VCx 107.5£2.8 84.0+3.4 913124
Acbe 779422 533422 586+1.7
LGP 592+1.8 458121 462+1.3
PO 63.5x1.6 429423 48.6+1.2
VDB 69.6+2.2 60.3+1.7 64.9+3.8
HDB 755%22 571+13 60.81£2.5
S 86.2+4.0 60.0+3.7 70.0+3.7
PrS 92.4+4.1 64.813.1 73727

Data demonstrated Mean + Standard Error.

Sham; Sham operated group without hypotension and bilateral common
carotid artery occlusion.

Control; Group operated with 40 mmHg of hypotension and bilateral
common carotid artery occlusion for 8 minutes on aged rats.

Sample; Group operated as same as control group and treated with
Yanggyuksanhwa-tang (Liangg huo-tang).

*; statistical significance, *; p<0.05, **; p<0.01.

Abbreviations : Acbc; accumbens nucleus, core, ActB; activated barrel, Au;
primary auditory cortex, BCx; barrel cortex, Cg; cingulate cortex, CPu;
caudate putamen (striatum), HDB; nucleus of the horizontal limb of the
diagonal band, LEnt; lateral entorhinal cortex, LGP; lateral globus pallidus,
Mt1: primary motor cortex, MEnt; medial entorhinal cortex, MS; medial
septal nucleus, PO: preoptic area, PRh; perirhinal cortex, PrS;
presubiculum, RSA: retrosplenial agranular cortex, S; subiculum, S1;
primary somatosensory corteX, VCx; primary visual cortex, VDB; nucleus
of the vertical limb of the diagonal band.
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primary motor cortex), & 2 W& Wu|gd 1%
2 orZ=ob7 2| lateral and medial entorhinal cortex), &)
ulR) 7t (%A, subiculum), L AHA A 2 A (L=}
AA 747+ A, primary somatosensory cortex) & 4 2}
Az A (LA 22 A, primary visual cortex)ol] A =
HhRECkE Folol olstd FAIEA folAde g
2 izl Hlgte] diatggdel F7HE B IS v
T} (Table 2, Fig. 4,5 &%)

4. A4 ZE 29l tiAlEY HiE)

Aol H9 Felde HESAGY (SelEA
&), anteroventral thalamic nucleus)®} A)AF&3 (A
AVl anterior thalamic nucleus)ol) A 9b FIRSCK BT
& Lol Blste] p<0.059] o4 U= AR
o] 7+ YER AT & At oE B9 F, A

ZA) A8 (ek9rZ& Al A anteromedial thalamic

£

Table 3. Changes of Neural Activities in Thalamus of Aged

BCAO Rats (mCi/100g)
Brain Areas Sham Control Sample

AV 100.6+2.4 757+5.1 87.0+3.5%

VA 89.9+29 67.0+4.7 78.0+2.3*
PVA 879-+4.1 624+54 69.24+3.7
1AM 96.1+3.0 74.7+4.4 81.8+5.1
Re 100.1+29 67.0+69 77.8+39
AM 102.3+3.5 71.2+64 824138
VPL 77.3437 638123 725433
VPM 9221448 735138 83.8+45
VM 98744 750+4.8 872+46
VL 103.9+49 72.6+6.5 82.7+38
MHb 106.1+29 69.6+7.7 792435
LG 042+23 63.9+64 72.6+3.7
PVP 809+29 5771438 654132

Data demonstrated Mean + Standard Error.

Sham; Sham operated group without hypotension and bilateral common
carotid artery occlusion.

Control; Group operated with 40 mmHg of hypotension and bilateral
common carotid artery occlusion for 8§ minutes on aged rats.

Sample; Group operated as same as control group and treated with
Yanggyuksanhwa-tang (Lianggesanhuo-tang).

*; statistical significance, p<0.05.

Abbreviations : AM; anteromedial thalamic nucleus, AV; anteroventral
thalamic nucleus, IAM; interanteromedial thalamic nucleus, LG; lateral
geniculate nucleus, MHb; medial habenular nucleus, PVA; paraventricular
thalamic nucleus, anterior part, PVP; paraventricular thalamic nucleus,
posterior part, Re; reuniens thalamic nucleus, VA; ventral anterior thalamic
nucleus, VL; ventrolateral thalamic nucleus, VM; ventromedial thalamic
nucleus, VPL; ventral posterolateral thalamic nucleus, VPM; ventral
posteromedial thalamic nucleus.
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medial habenular nucleus), 2 #A] 48 (=] 2]
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5. AlatstE 2t 22lof ChAEY B3t

Al a2 7—} 29 FoMe T (FEY,
arcuate nucleus)ol| A FlEE A iGT-S iR ¥
o p<0.0019] wj$ FolA e YA s
VER T B ZA e (AAIGE A,
SHTAY (5

posterior hypothalamic area)?} &5

)8, medial mammillary nucleus)oll A = iFHEEUK

Table 4. Changes of Neural Activities in Hypothalamus of

Aged BCAO Rats (mCi/100g)
Brain Areas Sham Control Sample
Arc 90.5£2.6 504+24 69.0£2.6%%*
PH 80.81+3.3 563+13 64.7+2.6*
MM 1254+32 84.5+4.1 103.1 £3.2%
AHC 62.7+1.9 48.2+2.0 502+1.6
PaV 81.1+3.0 58.6+1.6 63.21+2.7
LH 81.1+23 56.5+1.8 61.5+24
LM 88.7t24 537422 58.7x2.0
SuMM 80.1£3.1 554424 60.7+4.1

Data demonstrated Mean + Standard Error.

Sham; Sham operated group without hypotension and bilateral common
carotid artery occlusion.

Control; Group operated with 40 mmHg of hypotension and bilateral
common carotid artery occlusion for 8 minutes on aged rats.

Sample; Group operated as same as control group and treated with
Yanggyuksanhwa-tang (Liangg hio-tang).

*; statistical significance, *; p<0.03, ***; p<0.001.

Abbreviations : AHC; anterior hypothalamic area, central part, Arc; arcuate
nucleus, LH; lateral hypothalamic area, LM; lateral mammillary nucleus,
MM; medial manunillary nucleus, PaV; paraventricular hypothalamic
nucleus, PH; posterior hypothalamic area, SuMM; supramammillary
nucleus.

IRE 5 3kl that (14C)2-Deoxyglucose utoradiography A7 (487)

Hee ETd Hate p<0.059] #94 e WA
249l Z7HE eI o] Yol H B SA|G
B (rF L 71 AJALSLE-E), anterior and lateral
hypothalamic area), 91 &5 (7}I& 5544,
lateral mammillary nucleus), 4 WA AbSHESE (S22
1\] AbslELE] paraventricular hypothalamic nucleus) 2

T8 (Y554 &, supramammillary nucleus)ol]
*15 FlEEckE T et FAEH fede
AR gzl Hste] AR o] SUbE e
UYERHATE 2 FAEQ $2] AL5E-2 Table 40 4]
B %31 9]t} (Table 4, Fig. 4,58 3%)

Table 5. Changes of Neural Activities in Brainstem of Aged

BCAO Rats (mCi/100g)
Brain Areas Sham Control Sample
LPAG 74.0+1.8 519422 64.613.2%%
DR 85.7£3.0 55629 70.614:3.1%*
1P 105549 722123 84.4+39*%
MnR 953134 60.44-42 73.3X2.7*
MPn 76.8+27 505423 59.0+2.4%
APT 86.1+3.6 68.1£2.8 70.5t4.0
SN 75.6=+3.1 58.1+33 62,1123
MG 109.8+3.9 749420 86.2+3.2
DPAG 69.2+1.8 521x19 554+14
R 782+22 56.94+-1.4 60.9+3.0
3n 86.813.6 64.6+24 723123
LL 675126 449124 524+24
CIC 149.6+8.5 105.34+3.8 119.6+6.8
PnO 68.0+22 524+16 54.4+1.8
SO 89.8+34 783438 798+26
PnC 63.8+3.0 55.5+27 55.8+2.8
RIP 71.6+32 54.41£25 572425
RMg 588+24 427420 47.0+1.9

Data demonstrated Mean + Standard Error.

Sham; Sham operated group without hypotension and bilateral common
carotid artery occlusion.

Control; Group operated with 40 mmHg of hypotension and bilateral
common carotid artery occlusion for 8 minutes on aged rats.

Sample; Group operated as same as control group and treated with
Yanggyuksanhwa-tang (Lianggesanhuo-tang).

*; statistical significance, *; p<0.05, **; p<0.01.

Abbreviations : 3n; oculomotor nucleus, APT; anterior pretectal nucleus,
CIC; central nucleus of the inferior colliculus, DPAG; dorsal periaqueductal
gray, DR; dorsal raphe nucleus, IP; interpeduncular nucleus, LL; lateral
lemniscus, LPAG; lateral periaqueductal gray, MG; medial geniculate
nucleus, MnR; median raphe nucleus, MPn; medial pontine nucleus, PnC;
pontine reticular nucleus, caudal part, PnQ; pontine reticular nucleus, oral
part, R; red nucleus, RIP; raphe interpositus nucleus, RMg; raphe magnus
nucleus, SN; substantia nigra, SO; supraoptic nucleus.
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Sham Control

Sample

-

. interaural
11.20mm

2. interaural
9.70mm

3. interaural
8.20mm

4. interaural
7.20mm

o

interaural §
5.20mm

6. interaural
4.70mm g

Fig. 4. Pseudocolored [“C]2-DG autoradiogram came from
the rostral part of the brain in aged BCAO rats. Red
color shows area with higher metabolic activity. Blue
color shows area with lower metabolic activity.

Actb; activated barrel

CA1; CA1 fieid of hippocampus
CA2; CA2 field of hippocampus
CAB3; CA3 field of hippocampus
DG; dentated gyrus

C : Sample
Fig. 6. Pseudocolored ['“C]2-DG autoradiogram of
hippocampus of aged BCAO rats. Red color shows
area with higher metabolic activity. Blue color shows
area with lower metabolic activity. Sham means
sham operated group without hypotension and
bilateral common carotid artery occlusion. Control
means the group operated with 40 mmHg of
hypotension and bilateral common carotid artery
occlusion for 8 minutes on aged rats. Sample means
the group operated as same as control group and
treated with Yanggyuksanhwa-tang (Lianggesanhuo-
tang).
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Sham Control

Sample

7. interaural
3.80mm

8. interaural
3.20mm §

9. interaural
2.20mm §

10. interaural
1.20mm

11. interaural
0.70mm

12. interaural
-1.30mm

Fig. 5. Pseudocolored [“C]2-DG autoradiogram came from
the caudal part of the brain in aged BCAO rats. Red
color shows area with higher metabolic activity. Blue
color shows area with lower metabolic activity.

6. =7t 2+ 22lo] thAlEA s}
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(1S 23 A A lateral periaqueductal gray)
A8l (524 7]9), dorsal raphe nucleus)ol] A
FHiREC BT 2T vt p<0.012] #2904
g dArEA Y e e AT T3 7z
(t}z) Alo] @, interpeduncular nucleus), 45413 (7}
+d)<4:7]9, median raphe nucleus) ¥ W&w 3 (¢HZ%
t}2] = 3, medial pontine nucleus)ol| A& HEIBECA S
& hET) Bt p<0.059] 794 & dAtE
39 718 JERRIT o] ool F<IAY (wE

A7 8, oculomotor nucleus), A3 7§38 (FE A,

J

anterior pretectal nucleus), 37548 (F4] m %3,
central nucleus of the inferior colliculus), ¥} %2 4=
% 89 ($E4Eu913 97, dorsal periaque-
ductal gray), W& &4 (HEFF £, medial
geniculate nucleus), ¥ 2443 (thel = 159,
pontine reticular nucleus), 213 (23}, red nucleus),

& (247]3, raphe magnus nucleus) 2 =2
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C:
Fig. 7.

B : Control

cc; corpus callosum

Cg; cingulate cortex

CPu; caudate putamen

LS; lateral septal nucleus

M1; primary maotor cortex

S1; primary somatosensory
cortex

Sample

Pseudocolored [“C]2-DG autoradiogram of cerebral
cortex of aged BCAO rats. Red color shows area
with higher metabolic activity. Blue color shows area
with lower metabolic activity. Sham means sham
operated group without hypotension and bilateral
common carotid artery occlusion. Control means the
group operated with 40 mmHg of hypotension and
bilateral common carotid artery occlusion for 8
minutes on aged rats. Sample means the group
operated as same as control group and treated with
Yanggyuksanhwa-tang (Lianggesanhuo-tang)

B : Control

3n; oculomotor nucleus
IF; interfascicular nu

] |IP; interpeduncular nu
R; red nucleus

SN; sobstantia nigra

: Sample
Fig. 9.

Pseudocolored [“C]2-DG autoradiogram of upper-
brainstem of aged BCAQ rats. Red color shows area
with higher metabolic activity. Blue color shows area
with lower metabolic activity. Sham means sham
operated group without hypotension and bilateral
common carotid artery occlusion. Control means the
group operated with 40 mmHg of hypotension and
bilateral common carotid artery occlusion for 8
minutes on aged rats. Sample means the group
operated as same as control group and treated with
Yanggyuksanhwa-tang (Lianggesanhuo-tang).
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A : Sham B : Control

1 Arc; arcuate hypothalamic nu
& LH; lateral hypothalamic nu
LM; lateral mammillary nu
MM; medial mammillary nu
PH; posterior hypothalamic nu
SuM; supramammillary nu

C : Sample

Fig. 8. Pseudocolored ["“C]2-DG autoradiogram of
hypothalamus of aged BCAO rats. Red color shows
area with higher metabolic activity. Blue color shows
area with lower metabolic activity. Sham means
sham operated group without hypotension and
bilateral common carotid artery occlusion. Control
means the group operated with 40 mmHg of
hypotension and bilateral common carotid artery
occlusion for 8 minutes on aged rats. Sample means
the group operated as same as control group and
treated with Yanggyuksanhwa-tang (Lianggesanhuo-
tang).

B : Control

Aq; Cerebral aqueduct

DPAG; dorsal periaqueductal
gray matter

DR; dorsal raphe nucleus

LPAG; lateral periagueductal
gray matter

C : Sample

Fig. 10. Pseudocolored [C]2-DG autoradiogram of mid-
brainstem of aged BCAOQ rats. Red color shows
area with higher metabolic activity. Blue color shows
area with lower metabolic activity. Sham means
sham operated group without hypotension and
bilateral common carotid artery occlusion. Control
means the group operated with 40 mmHg of
hypotension and bilateral common carotid artery
occlusion for 8 minutes on aged rats. Sample
means the group operated as same as control
group and treated with Yanggyuksanhwa-tang
(Lianggesanhuo-tang).
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