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The Effect of Geupoongjibo-dan Extracts on Reversible Forebrain Ischemia in Mongolian Gerbil

Wan-Woo Jeong, Sung-Hyun Jeong, In-Sick Park*, Gil-Cho Shin, Won-Chul Lee

Department of Internal Medicine, Dept. of Anatomy*, College of Oriental Medicine, Dongguk University

Objectives : The purpose of this investigation is to evaluate the effect of Geupoongjibo-dan Extracts on Reversible Forebrain lschemia in
Mongolian Gerbils.

Methods : The change rate of water content in cerebral tissues, the numercal change of the CA1 pyramidal neuron in the hippocampus, the
change of delayed neuronal death(necrosis - apoptosis) through light microscopy, the reactivity change of glycoprotein in neuronal membrane
and the ultrastructural change of pyramidal neuron through electron microscopy caused by dalayed neuronal death were investigated.

Results :

1. The change rate of water content in the normal group showed 78.90% on the third day, and 79.12% on the seventh day after an attack of
ischemia. The rate in the control group showed 82.25% and 85.13%, respectively. The rate in the sample group showed a significant
decrease: 81.72% and 83.66%.

2, Light microscopy revealed that the cells, continuous and systematic forms in the pyramidal cells of hippocampus, changed into discontinuous
and unsystematic forms in the normal group when compared with the control group. The cells were less damaged in the sample group.

3. The mean of the numerical change of the CA1 pyrarnidal neurons in the hippocampus was 104 in the normal group. The mean of the control
group was decreased to 27. The mean of the sample group was 44,

4. TUNEL staining examination reveals that the whole part of the hippocampus of the normal group had negative reactivity. As far as CA1
pyramidal neurons in the hippocampus, the control group had positive reactivity. The sample group was more positive than the control group.

5. Electron microscopy reveals that the ischemic injury of the control group had both necrotic and apoptotic morphology. The sample group was
less necrotic, and more apoptotic morphology than the control group.

6. Lectin histochemisrical examination reveals that the normal group had positive reactivity to PNA and SBA in interneuron, and weak positive
reactivity to WGA - Con A - LCA in intercelluar space. The reactivity to PNA and WGA decreased in the control group. The reactivity to PNA
and WGA tended to increase in the sample group.

Conclusions : The data shows that the effect of Geupoongjibo-dan Extracts on Reversible Forebrain ischemia in MG is a significant result.

Key Word : Geupoongjibo-dan extracts, Reversible forebrain ischemia, Mongolian Gerbil
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Table 1. The Amount and Composition of Geupoongjibo-dan

Species Part used Latin name Weight(g)
Talcum Mgi(SisO0)(OH): Talcum 30
Cridium officinale Maxwo Roots Cnidii Rhizoma 25
Angelica gigas Nakar Roots Angelicae Gigantis Radix 25
Glycyrrhiza uralensis Fiscn. Roots Glycyrrhizae Radix 20
Ledebouriella seseloides(tHOFFM.) Wor. Roots Ledebouriellae Radix 15
Paeonia lactiflora Pacv. Roots Paeoliae Radix 1.5
Atractylodes macrocephala Kowz. Roots AtractylodisMacrocephalae Rhizoma 13
Gypsum CaS0s - :H:0 Gypsum Fibrosum 10
Scutellaria baicalensis Georai. Roots Scutellariae Radix 10
Platycodon grandiflorum A. DC. Roots Platycodi Radix 10
Rehmannia glutinosa Lisoscurz Roots Rehmanniae Radix 10
Gastrodia elata Br. Rhizomes Gastrodiae Rhizoma 10
Panax ginseng CA. MEY. Roots Ginseng Radix 10
Ostericum koreanum Kiragawa Rhizomes Rhizoma Notopterygii 1.0
Aralia continentalis Kmacawa Roots Angelicae Pubescentis Radix 10
Gardenia jasminoides Evus. Fruits Fructus Gardeniae 06
Forsythia koreana Naxa. FruitsFructus Forsythiae 05
Schizonepeta tenuifolia var. japonica Kirsg. Herb Herba Schizonepetae 05
Mentha arvensis var. piperascens Max Herb Herba Menthae 05
Ephedra sinica Srarr Herb Ephedrae Herba 05
Mirabilite Na:SO- - 10H0 Natrii Sulfas 05
Coptis japonica Maxmo Rhizomes Rhizoma Coptidis 05
__ Rheum coreanum NAKAI ) Roots. __Rhei Rhizoma - 05
Phellodendron amurense Rumccur Barks Phellodendri Cortex 05
Asarum sieboldii Mioue. Roots Asiasari Radix 05
Buthus martensi Karscn Body Scorpio 05
Total 278
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Table 2. Sugar Specificities of Lectins
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agglutinin; UEA 1, Ulex europaeus agglutinin, WGA, Wheat germ agglutinin
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Fig. 1. Arteries of mongolian gerbil brain.
Solid triangle(p) is deletion of
posterior communicating artery.
Solid circle(®) is global forebrain
occlusion site.
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Table 3. Effect of Geupoongjibo-dan on Water Contents Change(%) in the Reversible
Forebrain Ischemia of Mongolian Gerbil

Group 3 days(%) 7days(%)
Normal 7890+042° 79.12+0.76
Control 82.25+023 85.1310.76
Sample 81.72+0.11* 83.66£0.21*

a) Mean = Standard Error
Normal : Normal mongolian gerbils

Control : Reversible forebrain ischemia elicited mongolian gerbils
Sample : Reversible forebrain ischemia elicited mongolian gerbils with Geupoongjibo-dan treatment

* P < 0.05 compared with control group
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Fig. 2.Effect of geupoongjibo-dan on
water contents change(%) in the
reversible forebrain ischemia of
mongolian gerbils
Normal : Normal mongolian gerbils
Contro Reversible forebrain ischemia
elicited mongolian gerbils Sample :
Reversible forebrain ischemia elicited
mongolian gerbils
with geupoongjibo-dan treatment
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Table 4. Effect of Geupoongjibo-dan on Number Change of Pyramidal neuron inCA1
area of Hippocampus in the Reversible Forebrain Ischemia of Mongolian

Gerbil

Normal

Cell count 104.0+5.8310

Control
27.4+6.1887

Sample

440+ 6.3246*

a) Mean + Standard Dev.

Normal : Normal mongolian gerbils
Control : Reversible forebrain ischemia elicited mongolian gerbils
Sample : Reversible forebrain ischemia elicited mongolian gerbils
with Geupoongjibo-dan treatment

* P < 0.05 compared with control group

Fig. 4.Light micrograph of coronal
section of normal hippocampus
CA1 area of the Mongolian gerbil.
PL ; pyramidal layer, Semithin
section, Toluidine stain. X200

Fig. 5.Enlargemen of Fig. 3.

Semithin
section, Toluidine stain. x 1,000

Viable neural cells (cells/mm?)
5 2 8 8 8

n
o

NORMAL

CONTROL
GROUP

SAMPLE

Fig. 3.Effect of geupoongjibo-dan on
number change of pyramidal
neuron in CA1 area of hippocam-
pus in reversible forebrain ische-
mia of mongolian gerbils

a) Mean * Standard Dev.

Normal : Normal mongolian gerbils
Control : Reversible forebrain
ischemia elicited mongolian gerbils
Sample : Reversible forebrain
ischemia elicited mongolian gerbils
with geupoongjibo-dan treatment

* P < 0.05 compared with control

group

]

Fig. 6. Light micrograph of coronal sec-
tion of control hippocampus CA1
area of the Mongolian gerbil. Note
the number of neuron were drcreas
ed. Semithin section, Toluidine
stain. x200

v Reted AFAAM Fol 2AAASG
(Fig. 9).

Fig. 7.Enlargement of Fig. 5.. Semithin

section, Toluidine stain. x 1,000
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Fig. 8.Light micrograph
section of sample hippocampus
CA1 area of the Mongolian gerbil.
Note the dense stained neuron
that were seemed to be demaged.
Semithin section, Toluidine stain.
%200
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Table 5. Lectin Binding Patterns in CA1 Area of Hippocampus

Hae HBH - ol 42z olgF 151

ramidal cell interneuron intercellular intercellular space
by space(pyramidal layer) (extrapyramidal layer)
Normal - ++ - -
PNA Control - ++ + +
Sample - ++ - -
Normal + + + +
WGA Control +/- +- +- +/-
Sample + + + +
Normal - - - -
UEAI Control - - - -
Sample - - - -
Normal + + + +
Con-A Control + + + +
Sample + + + +
Normal - ++ - -
SBA Control - ++ - -
Sample - 4+ - _
Normal + - + -
LCA Control + - + -
Sample + - + -

-. negative; +, weak positive; ++, moderate positive

Fig. 8. Enlargement of Fig. 7. Semithin
section, Toluidine stain. x 1,000
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Fig. 10. Light micrograph of coronal
section of normal hippocampus
CA1 area of the Mongolian
gerbil. There are no positive
reaction in hippocampal com-
plex. TUNEL stain. x50
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Fig. 11. Enlargement of control hippo-
campal CA1 area. Note the
positive reaction of TUNEL
were appeared in damaged
pyramidal neuron. TUNEL st
ain. x1,000

o) w37 gz Hlal) fA
TE| 9 THP<0.05)(Table 4. Fig. 3).
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Fig. 12. Light micrograph of coronal section of control
hippocampus of the Mongolian gerbil. Pyramidal neuron
in CA1 region( ~ ) only were positive reaction. TUNEL
stain. x50

Fig. 13. Light micrograph of coronal section of sample
hippocampus of the Mongolian gerbil. Pyramidal neuron
in CA1 region( ~ )only were positive reaction. TUNEL
stain. x50

Fig. 14. Electron micrograph showing
CA1 pyramidal neuron of normal
group. X6,000
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Fig. 15. Electron micrograph showing
CA1 nerve process(NP) of
normal group. Many neuronal
filament were observed in nerve
process.arrowhead ; cell mem-
brane. x8,000
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Fig. 16. Electron micrograph showing
CA1 pyramidal neuron of control
group(7days following 5 min
transient ischemia). The necrosis
of nerve process(*) were observ-
ed. The normal process(NP)
contained mitochondria and
neuro filament. x5,000
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(lysozyme) 2 2] ¥ F A7} H(lipofus-
cin granule) = 45 FEHAL o]
&7)H Fo A S A AE A
X 523 17 A 99T,
GPAEAAYT 2 SAETAT A



Fig. 17. Electron micrograph showing
CA1 pyramidal neuron of control
group(7days foliowing 5 min
transient ischemia). The swelling
of cytoplasm and the nucleus
shrinkage were observed.
arrowhead ; cell boundary,N ;
nucleus. x5,000

Fig. 18. Electron micrograph showing
CA1 pyramidal neuron of control
group(7days following 5 min
transient ischemia). The
cytoplasm of neuron are darkly
stained and very irregular in
shape and shrunken. These
neurons are contained many
large vacuoles(V). x20,000

Fig. 20. Electron micrograph showing
CA1 pyramidal neuron of control
group(7days following 5 min
transient ischemia). The rough
endoplasmic reticulum(*) were
slightly swelled. x 10,000

2 A B, AgHEd

NS 22 QZF FHE) A ¥xedg
AAES Yehut EAERAE dF
Aol 2 deka) A o] el
Uz golen, APz LLe £2
(cisterna)?] Zvhuido] o Wy ut
B TAEGA NS AR es v
A WigE £280] 2oz B
2Ho} ggon, S2d FHndx

Hue o Yold  NZX oy 153

Fig. 19. Electron micrograph showing
CAT1 pyramidal neuron of control
group(7days following 5 min
transient ischemia). One pyrami
dal neuron shows very dark and
shrunken cytoplasm which looks
like apoptosis. N ; nucleus,
arrowhead ; apoptotic body. x
8,000

Fig. 21. Electron micrograph showing
CA1 pyramidal neuron of control
group(7days following 5 min
transient ischemia). Some pyra-
midal neuron had wheel shaped
electron dense material{arrow-
head). x5,000

YD} 5 2T50]
i,

A 2ARE AR
(Fig. 15)«
2Zog Wy

25

r

pyramidal neuron®f| 4] s}

Y& EAHaxon) T 4=

o2 W3 9lE 71X E7|(dendrite) S
TR ddded, %*-}94 AR E
FPAEZ Aol F TS ST,

Zako) 3ol = 2 A7 4 AHneuro-

Fig. 22. Electron micrograph showing
CA1 pyramidal neuron of sample
group(7days following 5 min
transient ischemia + Geupoon
gjibo-dan treatment). Dying
pyramidal neuron had vacuola-
tion(V), and electron densecyto
plasm(*). Electron dense partic
ular looks like apoptotic body
(arrowhead). x5,000

filament) @ o] Z WgE AFHA
22 5 AT IS
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% SN X s,
Flg 23 This photograph were appeared
the electron dense cytoplasm(*)

of Fig. 21. Electron dense
cytoplasm of dying pyramidal
neuron included many intercel-
lular organ such as mitochondria
(M), rER(E), Golgi complex(G).
% 20,000

O Qg NAMEY HALAL &
#EE & YU 94 g3 A2
Uelte X9 4oz g &
HIE £ 5 U B Yo
o] L21 ¥Fo| FEHE AL
Uetdden, ddye Ax4dsst &
oz €2 44 Hejg By1, 9
EZFAE HAEo] Idd 247} v}
ARG LR HEE ALY 5 U3
th(Fig. 21).

AEAYe ZE58AH(vacuolar-
ization) 2.2 <l8fe] AEHo] HET
BEHo 82 uRE MEA7IH] 3

22 HAHAY 1= Jelgo
(Fig. 17). &3] AZ %3 A9 334
TAALGE FHoE B FELE Y

o m(Fig. 20), BA1E AE29 A
7(]"’15:-1" F7letgch B3 AAdEs)
=& AHEAE 22T + YAEH, 9
B2 AHA B4 BoE gy 2
< L AT AZFY ] 2%
T3t DAL BE 080 A F
£ 5 U ok e B A
HolA 9d g2 ABAE

(¢}

o]

n ooy 2 2 Jhl

A

¢
I
=3

Hxla(g ndof ojx|= HE

Fig. 24. Electron micrograph showing
CA1 pyramidal neuron of
sample group(7days following 5
min transient ischemia -+
Geupoongjibo-dan treat ment).
A pyramidal neuron appear
similar to normal, but had some
electron dense vacuole looks
like apoptosis(arrowhead). x
5,000

EL AﬂiLH 5 @4 5 A8ade
7 2 YK Fig. 19).

4T 7HAE7|(Fig. 16)d1 4= AHEA)
o 549 8353 729 a7 2g
oH, Ao BEA E7d3
AALES} o AT 24 § BFA
H3E YERATE 9% 7}1157] ol A]
£ AZY FULH B TATE
(microvacuole).‘l] Mg gL A E
718 %, & AATESG gRME
TEA E Y e FEE 5 9
Rt g #FEHE 22 AAERY
(nerve terminal)d| A& HZ 470 B

¥or dHAF(synaptic vesicles)?)
gee B2 £ YA

9% 45 9 AAAZH apop
tosis®] AZ(Fig. 18y & & U
ool g Axg B}
Zastal 84 9 A2de] F§=o A
AgE7 A2E 8 &4 (nuclear
fragmentation)3} A ¥ A (cellular
fragmentation)¢] ¥oji} apoptotic
body7t EAHI dgeH, g%

Fig. 25. Electron micrograph showing
CA1 pyramidal neuron of sample
group(7days following 5 min
transient ischemia + Geupoon
giibo-dan treatment). it showes
degenerating nerve process
(arrowhead) in intercellular
space. The dendrite looks like
lesser damaged has small
vacuole(V) and well developed
neuro filaments. x 10,000

apoptotic bodyE-& FHe| AEEo}
FAN TS 23] F4 (phagocytosis )
HE Rol #ZH
AN E APHoR Y27
Hl et A sintg A4 A CAL1A G ¢
pyramidal neuronEolA & A4
T B@YE B2 F U,
Hzzd v o Jhges 1 57}
A} Eﬂz?i’)r A2 83t A2
A 23E4E Fuhete I 27
(Fig. 22):—} apoptosis 27 YelyE
HEEo] Hol YehT I AtK(Fig.
23). £3] A4 apoptosis?] 47
2 AZAYY EARHRE Az ‘ﬂE
7t F7ke7] AlzatAYFig. 27) A7
de7 52 38 A%7} AAE o A
A AXNE ZE5E 8t Y3 rh(Fig. 24).
A} apoptosis /o] Zo] Yojd
dx ETat, 4879 setF A
CA1A 9 01} &3t = pyramidal
neuronE< A4 AL E5E 73
I Y4t 93 MEde BELAE
izl Blste] A ZoE0H, A



Fig. 26. Electron micrograph showing
CA1 pyramidal neuron of sample
group(7days following 5 min
transient ischemia +Geupoon
gjibo-dan treatment). Neural
damage such as shrunken
nucleus(N), swelled rER(E) and
golgi complex(G) were decreas
ed than that of control neuron. x
10,000

Fig. 27. Electron micrograph showing
CA1 pyramidal neuron of
sample group(7days following 5
min transient ischemia +
Geupoongjibo-dan treatment).
Electron dense region(*) in
cytoplasm of pyramidal neuron
were appeared which seemed
apoptosis. x 10,000
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Fig. 28. Lectin binding pattern of normal
group . Some intermeuron were
showen strong positive reaction
(arrowhead) on PNA. Lectin
histochemistry. x100

Fig. 29. Lectin binding pattern of control
group.PNA are weak positive in
interceliular space of pyramidal

layer. Lectin histochemistry. x
100

EsgNo] B
o] 7481 gk pyramidal neuron
o HEAYI T FHATAM Y] &
A 2 AEAY RISl A
Suf, A o] Fejx Bl 3

Fig. 30. Lectin binding pattern of
sample group. PNA positive
reaction were disappeared in
intercellular space of pyramidal

layer. Lectin histochemistry. x
100

(euchromatin)Z FAJ o] Yely:
(Fig. 26).

6. Lectin ZX&}st 474
PNAY] lectin %32 3}3} ut
HH AAT(Fig. 28)dx < sintE A
iﬂLHPJ 2 interneurongHo] =
& iz e, o] BHeEE A
Eiﬂ"ﬂ T3E A2 S A AE

Fig. 31. Lectin binding -pattem of normal
group. WGA are weak positive in
hippocampus. Lectin histochem-
istry. X100

2 Aol A Jehdt 27
(Fig. 29)9| A& CA1X ¥ Hgnjcx
ol HEAO] B kA A uks-
ol YehtT 4o, 4] interneu
rono A5 oEAulgo] et A

T(Fig. 30)°l 4] interneuronito| 9

Adkeo el on tlzF2] CAl
Ag AT EST A LA TR A

UEREE oFE F e
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H=is(8 2ol alx= FE

Fig. 32.Lectin binding pattern of control
group. WGA positive reaction
were decreased in hippocampus.
Lectin histochemistry. x 100

Fig. 33. Lectin binding pattern of
sample group. WGA positive
reaction were increased than
control group in hippocampus.
Lectin histochemistry. x 100

Fig. 35.Lectin binding pattern of contral
group. Con A are weak positive
reaction in hippocampus. Lectin
histochemistry. x100

WGAY lectin 238 dke-g A
HEH FAT(Fig. 314 & CAL A
9] pyramidal neurongo] I}HEYk
oz oh;} orAuke-o el 9oy, vl
=30 HEA]FNE YR
8 PSS RIS 13

=g AL g AEAL
o] Z 7t M okdt okAul-So] UiEl
o9, interneuron®] A EZJM T 23l
Fekgo] e 2T (Fig.
32 e AEEC| EoEWA nt3

oke]
=
3
[+)

Lectin binding pattern of normal

Fig. 36.
group. LCA are weak positive
reaction in hippocampus. Lectin
histochemistry. x 100
A Aol ZAN gl Fols
=), 48T (Fig. 33)Jxe gel3l
= ATES A0 Z okAJulL o] £7}

win

UEA I A%<, dxz 2 487
io
&

34).

Con-Av A4 T¢ pyramidal
neuron® A ¥AJo| 27 REoA] et
FdukE(Fig. 35)0] Uehton, 2T
7 2829 wepte et

Fig. 34. Lectin binding pattern of normal
group. UEA 1 are no reaction in
hippocampus. Lectin histochem
istry. x100

SBAE AT, HzT ¥ 43T
Y5 interneurond AT FA g0l 1}
Eion, 199 AqoMe BF &4
o] vehtt.

LCAE AN, Uz ¢
pyramidal neuron®} 1 FH 9] Alo]Al
BM o g FARESo]
(Fig. 36).
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