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Influences of ginsenosides Rb, and Rg, on reversible focal brain ischemia

in rats!
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AIM . To study the influences of ginsenosides Rb,
and Rg, (active components of the total saponins
the brains against

METHODS;: Rat
focal cerebral ischemia was induced by reversible
middle cerebral artery ceclusion (MCAQ) with-
out cramniectomy.

of Panax ginseng ) on

ischemia-reperfusion injury.

The influences of ginsenoside
Rb; and Rg;, on infarct size (IS), neurclogic
deficit (ND) and the contents of calcium and
potassium in the infarct were cbserved. RE-
SULTS: In 2 2-h ischemia, Rb; 10— 40 mg kg™’
iv 30 min before MCAQ decreased IS by 20 %
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— 49 % and ND score from 5. 1 to 4. 1—2. 3, and
inhibited Ca accumulation and K loss by 22 %
—50 % and 18—37 %, respectively; Rb, 10— 40
mg+kg ™! iv immediately after MCA was recanal-
ized decreased IS by 12 % —35 % and ND score
from 5.2 to 4. 3— 3. 3. and inhibited Ca accumu-
lation and K loss by 10 % — 40 % and 17 %
— 30 % . respectively. In permanent ischemia,
Rb, 40 mg-kg ' iv reduced IS, ND. Ca accumula-

1

tion and K loss. However, Rg; 40 mg-kg ' iv
did not show effeet on both permanent and 2-h
MCAQ. CONCLUSIONS: Rb; protected brain

from ischemic and reperfusion injuries,

Ginsenosides could protect the brains against
ischemia and decrease the infarct size (IS) pro-
duced by middle
(MCAQ )" %,
many different monoginsenosidic saponins.

cerebral artery occlusion
Ginsencsides are composed of

That
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which saponin is active remains to be elucidated.
Rb,. one of the panaxadiols, may be beneficial to
the ischemic brain in 2 aspects: Rb, could reduce

intracellular calcium'®

while the calcium entry
into cells is the final commom pathway leading to
cell death™; Rb, inhibited the Na’-K -e¢xchang-
ing ATPase in normal brain®", which may be ca-
pable of reducing the calcium sequestered in the
microsomes. In this study we intended to find
out if Rb, and Rg,, were effective in protecting

ischemic brain.
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MATERIALS AND METHODS

Drugs and chemlcals Rb; and Rg, were extracted
and purified by Kunming Institute of Botanv. Chinese
Academy of Science . purity >>88 %. 0,05 Y Nimodipine
(Nim ) injection (barch DY 9]0429) was made by the
Fourth Hospital of Wu-han.

fishing line tmade in Japan. which could be obtained from

Glass fiber was Astron 3%

the market.
Rat model

400 % 5 46 g of either sex were used.

Sprague-Dawley rats. n= 150, weighing
For permanent
MCAOQO. 48 rats were equally divided inte 6 groups: Nim
20 ug * kg™ Rb; 10, 20, 40 mg kg ‘. Rg: 40 mg
*kg™!: and the control groups. For transient MCAO, 96
rats were divided inte 6 groups as those in permanent
MCAO. hut each group was furrher divided inte 2 sub-
groups: the drugs were injected iv before or after MCAO.
The rats were anesthetized by sodium pentobarbital 60 mg
*kg 'ip. Blood pressure was monitored through rannula-
tion of right femoral artery. Rectsl temperature was kept
at 38 C by an infrared lamp. MCAO was perlormed ac-
cording 10 the method of Longa e af-"', save that the ny-
lon suture was replaced by a piece of glass fiber which was
pretreated with nitric acid 10 mol-L " for 3 s to obtain sat-

isfactory flexibility and rigidity for advancement in the ar-

terial lumen while not perforating the wall. For reperfu-
sion. the fiber was pulled out alter 2-h MCAQ and the ex-
rernal carotid artery stump was ligated with 0% silk su-
ture. Dirugs were injected through right femoral vein.
One group (6 rats? were subjected to sham operation; the
fiber was in the internal carotid artery withour MCAQ.
In permanent MCAO . drugs weare given before operation;
Ia 2-h MCAQ, drugs were given before ischemia or imme-
diately after the MCA was recanalized. The control was
given equal volume of saline,

EEG EEG was recorded percurtaneously through 2
silver pin electrodes by an LMS-2B polygraph. Recording
electrode was percutaneously placed on the surface of pari-
etal scalp 3 mm lateral to the sagitral line and the refer-
Band pass filter, 100
Hz, time constant, Q.2 s: sensitivity, 2 mVsm™', stand-
ard volrage., 50 uV. The amplitude™ before MCAO was
taken as 100 9. The period of EEG falling to lowest
value was measured from MCAO to the beginning of the

ence one was placed to the nasion.

constant lowest value.

Neurologic deficits (ND> At 24 h afrer the onsec of
MCAQ, the severity of ND was scaled in 8 levels™ .
0 — no recognizable Impairment in accivity; 1 — upon
hunging upside down, the teft forepaw could nor fully ex-
tend; 2 — the leit {orelimb could nor straighily down-
wards accompanied by the adduction of the lefr shoulder:

.3 — the left forelimb stuck to the thoracic wall upon

hunging upside down; 4 — circling to the left without ab-
vious pulling back of the leit forepaw: 5 — circling to the
left accompanied by the pulling back of the forepaw; 6 —
rotating to the left and could not go aheed effectively; 7 —
the left limbs were rompletely paralvsed and could only lie
on the left. ND scores were evaluated by a paramedical
attendant wheo did not know the treatment drugs. A close
correlation was found berween ND scores and IS (r ==
0. 906, P<70.0C1),

IS and water content At 24 h after the onset of
MCAO, rats were decapitated. The brains were stained
and the necrotic tissues were pooled out'®. The necrotic
tissues and the non-necrotic tissues were dried at 110 C.
The relative IS was expressed in a dry weight % of the
The water con-
tent = [wet weight —dry weight]/[wet weight]x 100 4.

Calciom accomulation and potassium loss The dried

necrotic tissue to the enrtire hemisphere,

tissues were digested in 1 mlL nitri¢ acid (10 mol-L~') and
¢.1 mL perchloric acid at 8¢ C for 2-h. Ca and K con-
tents were determined by an AA-1475 artomic absorption
spectromerer (Varian, USA ), Ca accumulation and K
loss were the dilferences between the contents in ihe

necrotic tissue and that in contralateral hemisphere.
RESULTS

ND  All the rats with MCAQ showed ND
while the control rats suffered more 24 h after
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MCAO. Recirculation for 22 h did not signifi-
cantly affect the ND despite of a trend of allevia-
tion. Nim 20 ug kg 'iv improved the movement
function of the rats with permanent or 2-h
MCAO. In 2-h MCAO. Rb; 10— 40 mg kg "iv
before ischemia and immediately after ischemia
showed decreases of ND scores of 1 —2.8and 0. 4
—1. 5. respectively. In permanent MCAQO, Rb,
40 mg kg ! reduced ND but 10— 20 mg +kg ' had
no significant effects on ND. Rg, 40 mg
+kg'iv had no significant effect on ND in perma-
nent ot 2-h MCAQO(Tab 11}.

IS At 24 h after the onset of MCAO, all
the rats developed obvious infarction in the hemi-
sphere. Recirculation tended to reduce IS but
there was no statistically significant difference vs
the control (P>>0.05). In permanant MCAQ,
Rb, 40 mg+kg ' reduced IS by 14 % (P<C0.05).
In 2-h MCAO. Rb; 10— 40 mg+kg 'iv before and
after ischemia reduced the IS by 20 % —49 % and
Rb, 20—40 mg kg 'iv
before ischemia was more effective than after is-
Nim 20 pg
+kg ! reduced the 1S in both permanent and 2-h
MCAO (Tab 1).

Ca accumulation. K loss. and water content

At 24 h after the onset of MCAO, there was a

large Ca accumulation and K loss in the infarcted

12 —35 % respectively.

chemia, Rg, was ineflective on IS,

site  which swelled greatly. In permanent
MCAO, Rb, 40 mg-kg™' decreased the Ca accu-

Tab 1.

ivA: iv immediaiely after the MCA was recanallzed.
PO 05. *P<0.05. “P<0. 01 vs Sallne.

mulation by 14 %, the K loss by 23 %, and the
water content by 3.1 % . Rb, 10 — 20 mg+kg '
exhibited a mild tendency of reduction. 1lm 2—h
MCAQ. Rb, 10— 40 mg+kg ° belore ischemia re-
duced the Ca accumulation. K loss and water con-
tent by 22 % — 50 %. 18 ¥ 37 Y. and
1.8 %— 4.2 % . respectively Rb, 10 — 40 mg
+kg ! iv after ischemia reduced the Ca accumula-
tion. K loss and water content by 10 % —40 %,
17 %—30 %, and 2.5 % —5. 8 %4 . respectively.
Rg; 40 mg+kg™ ' iv decreased only the water con-

L

tent. while Nim 20 pg kg™ ' reduced only the Ca

accumulation and K loss (Tab 2).

EEG Within 10+ 5 2 min after MCAO.
EEG amplitude fell to a lowest level. 33 %544 34
of that before MCAQ. Rb, 10—40 mg+kg ' 1m-
proved the EEG amplitude and prolonged the pe-
riod of EEG falling from normal to the lowest
level, Nim 20 pg'kg™'iv had the same effect as
that of Rb,. Rg; 40 mg kg ' did not influence
the EEG amplitude significantly (Tab 3). The
EEG of the rats with sham operation showed no

changes before and after operation.
DISCUSSION

Rb, effectively reduced the IS and ND. and
improved the EEG amplitude . which implied that
Rb, was one of the active components of the total

saponins of Panar ginseng in protecting the

Effects of Rb,. Rg;. nimodipine (Njm ). and normal saline on neurologic deficits and jnfarct slze produced by
permanent and 2-hb middie cerebral ariery occlusion (MCAD) in rats.

a=8 (NS 2=10), x*5. §vB: Iv before MCAD;

‘P>0. 05, “P<D. 05. '"P<0.01 vy ivB.

Infarct size/ 14

Drugs

Neurologic deficit scores

ivB ivA ivB ivA
Permanent MCAQ
Saline 1 mL kg™ 363 - 5.41+0.9 -
Nim 20 ug+hg™! 3ot s — 4.4%0.5* -
Ehb, 10 mg kg ' Jat2" - 5.3+0. % -
20 mg kg™ 3343 — 4.8+0.8 —
40 mgrkg™' 31+3° - 4.440.7° —
Rg, 40 mg *kg ' 34t 2 — 4. 94+0.7 —
2-h MCAD
Saline 1 mL-kg™! 3242 33=4 5.11+0.58 5.2+0.8
Nim 20 pg-kg ™! 20=1* 244 F 4.3%x0. 7" 3.8+0.8
Rb, 10 mg kg™ 2542 28+ 2~ 4,1+0.7* 4,340 g™
20 mg kg™! 2D+1° 24+ 2 3.0Lo0. 8 4,040, 9%
40 mg -kg™" 16t 1¢ 21t 2.3t0.7 3.3+0 9
Rg: 40 mg*kg™' 28t 2 27+ 3" 4,9%0.6° 4. 5+40. 8
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Tab 2. Influence of ginsenosides Rb,. Rg,. nimodipine (Nim > and normal saline on the calclum accumulation . potassium
1oss and the water conteuts in the infarcted area determined at 24 h after the onset of the middle cerebral artery occlusion
(MCAQ) In rats. n—238 (control n=10), xt5. ivB: iv before MCAOQ; ivA; iv immediately after the MCA was recanal-
ized. Dw. dry weight. "P>>0.05. "P<0. 05. “P<{0.01 vs Sallne. °*P>>0.05. “P<(0.01 vs ivB.

Drugs CA/mmoal-kg™' Dw PL /mmol -kg™' Dw H.O0/% ,
wB wA tvB ivA ivB WA
Permanent MCAO
Saline 1 mL-kg™' 25.242.3 - 124421 - 84.240.9 -
Nim 20 pg-kg™" 21.8+2.1° - 75=15° - 83.1+1.0 —
Rb, 10 mg-kg™" 23. 9419 — 112+ 23" — 83.2+ 1.0t -
20 mg-kg ' 22.9+2.1" — 104+19" — 82.941. 3" —
40 mg-kg™! 21,7418 — 895415 - 81.14+1. 3 -
Rz, 40 mgekg™ 24.81£2. 7 - 108+ 14 — 81.8+1. & -
2-h MCAO
Saline 1 mL-<kg™* 22.242.2 21.9%2.3 10420 106118 83.24+0.8 84.91+1.0
Mim 20 pg-kg™! 13.94&1.1° 18.3L+1. & 471£10° 0+11" 42.01+0. 8 B2.3%0.8
Rb, 10 mg-kg 17.441.3° 20.0+1. 8% 86+13° 8711k B1.4+0. o° B2.440.8°
20 mg-kg™' 13.6£1.1° 17.2+1. 07 76t11° 83t 14° 8G.1x1.I° 81. 3L 3
40 mg kg™’ 11.341. ¢¢ 13.5%x1.17 667 731100 79.0+£1.1° 79.1%1.1°
Eg: 40 mg kg™’ 20.5+2.1 16.94+2.0 92115 98+13 80.2+1.2° 79.3x1. 4
Tab 3. Effecis of Rb,, Rg, . nimodlpine (Nim) and normal saline on EEG after MCAOQO in rats. »=8, x+s. The EEG

value before MCAO (pre-MCAO) was taken as 100 %.

post-MCAOQ : the EEG value after MCAO. Pn-1: the period of

EEG Cfalling from pre-MCAO valne to the lowest post-MCAQ value. “P>> 0. 05. “P<70.05, "P<70. 01 rs Saline.

Drugs Amplitude /p'V Po-1/
£ pre-MCAQO post-MCAQO % of pre-MCAQO min
Saline 1 mL-kg™’ 36t+4 12+2 3344 102
Nim 20 ug-kg~’ 3445 15+3 4545 1341
Rb, 10 mg kg™’ 38+3 1514 37T¥F 12+ &
20 mg-kg™’ 37+4 162 44+ 4° 1442
40 mg-kg™* Y i o 21+3 S584¢° 14+ ¥
Rg, 40 mg-kg™" 3814 1343 3545 11+£3°

In 2-h MCAQ. Rb, administered
even. after ischemia exhibited significant elfects.
which indicated that Rb, might protect the brain
against reperfusion injury or/and the delayed ts-
REb, decreased the Ca
accumulation in the infarcted area as well as the

ischemic brain.

chemic neuronal damage.

IS, and the reduction rate of Ca accumulation was
fairly close to that of IS. This suggested that the
inhibiticn of Ca accumulation was a possible
mechanism of Rb, in protecting ischemic and
reperfused brain. Because Ca accumulation in
the tissues ts attributed to the caleium sequestered

v we assumed that the re-

in the ischemic cells
duction of Ca accumulation might be the result of
Rb, blocking of the calctum entry into the cells,
which suggested that Rb, might possess some cal-
cium antagonist action.

We once expected that Rg, might have some

effect on cerebral ischemia though it was weak.,
but it was found that 10—20 mg-kg™* had no el-
fect in the pre-experiment. Therefore, we se-
lected 40 mg+kg™', equivalent to the largest dose
of Rb,, as the dose in formal experiment but even
at this dosage Rg, still showed no effect on IS,
ND. CA and K loss though it ameliorated brain
edema. This suggests that Rg, be less beneficial
than Rb, to the ischemic brain.

Reversible MCAQ without craniectomy ‘'’ is a
newly developed focal ischemia model, which was
modified in our experiment, A piece of nylon su-
ture was used to the occlusion of MCA"Y’ but we
found it was too soft to introduce to the origin of
MCA. Therefore, a piece of acid-treated glass
fiber was used to the occlusion of MCA in our ex-
periment. which provided a higher success rate

than the nylon suture because of its satisfactory
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rigidity and flexibility allowing smooth advance-
ment in the artery lumen while not perforating the
artery wall. We once used the nylon suture.
When we

used acid-treated glass fiber. a 95 4 success rate

only 5 out of 10 rats were successful.
was obtained. It was considered that in the oper-
ation of this model. a kind of ideal material was
the key to success,
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