Zhang YY eral/ ActaPharmacol Sin 2003 Feb; 24 (2): 157-162 - 157-

€2003, ActaPharmacol ogica Sinica
Chinese Pharmacological Society
Shanghai Insti tuteof MateriaM edica
Chinese Academy of Sci ences
http://www.Chi naPhar.com

Effect of Ginkgo biloba leaf extract on electroencephalography
of rat with cerebral ischemia and reperfusion

ZHANG Yun-Yi*, L1 Pei-Fen, L1 Duan

Department of Pharmacology, School of Pharmacy, Fudan University, Shanghai 200032, China

KEY WORDS Ginkgo biloba; fast Fourier transform,; electroencephal ography; brain ischemia; reperfusion injury

ABSTRACT

AIM: To tedt the effect of Ginkgo biloba leaf extract on electroencepha ography (EEG) during cerebral ischemia
and reperfuson. METHODS: Based on the quantitative analysis of EEG using thefast Fourier transform (FFT),
the effect of Ginkgo biloba extract (GbE) on rat EEG was surveyed inthe model of middle cerebral artery (MCA)
occluson and global cerebra ischemia RESULTS: In the globa cerebra ischemia, GHE 8 and 16 mg/kg could
accelerate the recovery of EEG after reperfuson, and GHE 4 mg/kg had the same effect but much weaker. In the
MCA occluson model, GhE 16 and 32 mg/kg greatly suppressed the drop of power spectrum of EEG.

CONCLUSION: GhE could mitigate the cerebral damage caused by ischemia

INTRODUCTION

The leavesof Ginkgo biloba are used to treat many
diseases by the traditional Chinese medicine. Much re-
search have been carried out since 1960s and it was
found that Ginkgo biloba extract (GHE) could increase
therat cerebral blood flow™, improve the mice memory
impaired by ischemia®®, and protect the cerebral func-
tion**, But few research was focused on the effect of
GbE on cerebral function following ischemicinsult us
ing e ectroencepha ography (EEG), which reflects ce-
rebral excitation. By using digitd sgna processng
technique, this paper aimed to test the effect of GHE on
EEG during cerebral ischemiaand reperfuson.

MATERIALS AND METHODS

Materials GbE, brown powder, produced by

! Correspondenceto Assoc Prof ZHANG Yun-Yi.
Phn 86-21-6404-1900, ext 2465. E-mail zhcheng@shmu. edu.cn
Rece ved 2002-06-14 Accepted 2002-11-19

Shanghai Zhongwel Biochemigry Co, Ltd, patch num-
ber 960706, was diluted by digtilled water after drops
of acohol and sorbitol (3:4) mixture was added. The
pH of solution was adjusted to 7.4 by adding NaOH 1
mol/L.  Nimodipine, white powder, gifted by Dr
ZHANG Rui-Wen, Shanghai New Drug Research & De-
veloping Center, was diluted in 0.5 % carboxycellulose
just before use. The soluti on was kept on ging to pre-
vent precipitating.

Effect of GHE on rat after middle cerebral
artery (MCA) occlusion'® SD rats, weighing (180
20)g, were anesthetized by ip urethane 1 g/kg. The
skulk was exposed then cleaned using H,O, . Drilling
was performed at 4 points 2-mm |eft and right to the
sagittal sutureand 2-mminfront of and behind coronal
suture. Four e ectrodes were inserted into the holes
and fixed. Theleft 2 electrodes formed one recording
pare, theright 2 formed the other. An 0.2-mm nylon
thread was inserted into right interna carotid artery to
about 1.2 cm. Thetemperature of rectum was main-
tained at (37.0+0.5) °C.
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Drugs were given asfollows GbE 8, 16, and 32
mgkg® iv, NS iv as negative control, nimodipine 20
mg/kg as positive control. Ten minutes|ater (20 min
for nimodipine), EEG wasrecorded. Then the MCA
was blocked by inserting the nylon thread to 2.2 cm.
Meanwhiletheleft common carotid artery wasblocked.
EEG was recorded at 1, 5, 10, 15, 30, 45, and 60 min
after occlusion.

Effect of GbHE on rat global cerebral ischemia
Spraw-Dawley rats, weighing (260454) g, wereinserted
2 electrodes at the pointsin front of the corona suture
for EEG recording. The 2 femora arteries were used
separately for blood pressure measuring and for
bleeding. The rectum temperature was monitored and
maintained at (37.0+0.5) °C. The anima swerel€eftto
res for 30 min.

After blood pressure and EEG wererecorded, the
rats weregiven drugs as follows NS, GhE 4, 8, and 16
mgXkg™ iv and nimodipine 10 mgkg™ ig. Fifteen min-
uteslater, blood was bleeding from femora artery until
the systolic blood pressure dropped to about 40 mmHg.
Then the two aortors were clanped. The systdic blood
pressure was maintained to 38-48 mmHg by bleeding
or refilling the blood during the occluson. TheBP and
EEG were recorded at 1, 5, 10, and 15 min after the
occluson. The reperfusion was established by refilling
al blood and re-opening the aorta. The BP and EEG
were recorded at 1, 5, 10, 15, and 30 min after
reperfuson.

Data process and statistics The subgroup of
EEG waves are defined as follows wavesthat have
frequency between 1-3 Hz are defined as d, waves that
have the frequency between 3-7 Hz are g, waves that
have the frequency between 7-13 Hz are a, and waves
have the frequency between 13-40 are b'".

TheEEG sgnalswere analyzed with computer after
A/D convert (sample rate 200 points per second). By
means of 1024-point fagt Fourer transform (FFT), the
power spectrum was calculated®. Then itwas summed
according to the EEG wavedefinition above. The data
were expressed asthe percentage of the value before
drug. For it wasnot in normal digtribution so the sg-
nificance was evaluated using Mann-Whitney test. The
software used for Satistic calculation was StatView ver
5.0.1, SASIngtitute Inc (Cary, NC27513, USA).

RESULTS
Effect of GhE on MCA blocking model The

EEG from left sde did not change gresatly, but a the
right el ectrode pair, the power spectrum dropped greatly
when MCA was blocked (Fig1). All wavesin GbE 32
mg/kg-treated groupwere significantly higher than those
of NS group a 1-30 min occlusion except d wave at 15
min and a waveat 30min. When ratswere given GbE
16 mg/kg, the power spectrum of EEG wasdso higher
than that of the NS group, but the improvement was
weaker. GbHE 8 mg/kg did not have any effect.
Nimodi pine 20 mg/kg had the effect on d, g, and a
wave sometimes but not on b wave (Tab 1). When
right MCA was occluded, the power spectrums of the
wavesfrom left electrode pair dropped dightly d so.
The changewas smaller than that of right pair and there
was no significant diff erence between NS and drug
values

Action of GHE on global cerebral ischemia
During ischemiaand reperf uson, the power spectrums
of NS group droped quickly. The higher the wave
frequency, the more the amplitude dropped. For the
latent electrode pair, thed, a, and b wavesin GbE 16
mg/kg-trested group and a wavein GhE 8 mg/kg-treated
group were sgnificantly higher than those in control
group at 10 min after drug administration. During
ischemia, the power spectrum of al groups was re-
duced rapidly. Though they were dightly higher than
those of NS group, no datigic difference was found.
After reperfuson, the EEG power spectrum of al GhE
groups recovered rapidly. In GhE 16 mg/kg-treated
group, the power spedtrum wassignificantly higher than
that of NS group in al waves from 5 min after
reperfuson and on. In GhE 8 mg/kg-treated group, the
change of d wave was aparent at 30 min after
reperfusion, but the change of g, a, and b waves were
observed a 5 min after reperfuson. In GbE 4 mg/kg
treated-group only a and b waveswere higher a5 min
after reperfuson. These results showed that higher
frequency waves were more senstive to the drug
treatment. This phenomenon was more prominent in
nimodipine-treated group (Tab 2).

The mean blood pressure was restored after
reperfusion and reached the peak at 10 min. GHE 8and
16 mg/kg had a significant effect occasionally but GhE
4 mg/kg and nimaodipine did not (Tab 3).

DISCUSSION

FFT isatool that combi nescomputer science and
modern signa processing technique. It convertssg-
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Fig 1. EEG wave (up) and its power spectrum (down) before MCA occlusion (A) and at 10 min after MCA occlusion (B). The
data werefrom a rat of NS group and contained 5-s period of EEG. Compared with A, EEG and power spectrum of Bwere much

smaller.

nalsto a serious of different frequency sine waves.
Counting these sihe waves can quantitatively define the
detected signals. Normally, EEG waves were divided
into some groups according to itsfrequency. The alti-
tude and duration, but not the shape, of individual wave
were measured. That isto say the high frequency sub-
wave wasdiscarded. Besdes theindividua EEG wave
isrepeatl ess and could not represent the outlook of EEG.
And, even the same piece of EEG was sudied, there
would be a large deviation between data sets, diff erent
obsavers, and different time of study. Converting EEG,
by FFT, to the sine waves and then counting them can
be an easy and automatic ¢ep in EEG andyss. Be
caue FFT usesardatively long period of original EEG
for caculation, the results woul d be more reliable and
accurate. In this paper, the original EEG was used in
FFT without any pre-processing. Tha isto say theorigi-
nal EEG was cut by a square window. The sudden
truncation brings distortion to the results at the edge of
high frequency'®. Though the overload is very high
which could be 10 % of the normal, it would be located
in anarrow high frequency band on the conditi on that
the number of sample dataislarge. Here, 1024-point
FFT was used and sne waves below 40 Hz were

summed, so0 the overload was excluded and could be
neglected.

Results of this paper showed that the power spec-
trum of EEG dropped dowly when global cerebrd is
chemiawas formed. In the model of MCA blocking,
though the power spectrum decreased rapidly, it re-
mained in ahigher level, for GHE could increase cere-
bral blood flow!*!. And there may be blood flowing
from unblocked side to the ischemia zone in an MCA
model. But in the modd of global cerebra ischemia,
the blood supply was extremely low and may not be
increased any more. It may explain the fact why GbE
16 mg/kg improved the EEG changesat theearly sage
of MCA blocking but not at the other one.

GbE suppressed the decrease in SOD and MDA
accumulations that caused by ischemid®*?. These phe-
nomena reflected that GHE had an anti-oxidation effect.
GbE hedpsalleviate the subcellular damagesof cerebra
ischemid™ and allows mitochondria to maintain their
respiratory activity under ischemic conditions as long
as some oxygen is present, thus delaying the onset of
ischemi a-induced damage®?. The data of this paper
showed that the GHE increased EEG power spectrum,
it was more ef fective on high frequency waves than on
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Tab 1. Effect of Ginkgo biloba extract (GHE) on EEG power spectrum of rats with MCA occlusion.
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"P<0.05, °P<0.01 vs normal saline (NS) group.

Mean£SD. *P>0.05,

Time NS Nimodi pine GbE/mgkg™*
20 mg/kg 32 16 8
n 10 10 12 12 10
After drug 93+20 119+83° 104+26* 100+40° 84+20°
Occlusion 1 3724 72+48 76+51° 81+39° 57+56*
Occlusion 5 3640 73+52° 74+57° 61+30° 53+41%
d Occlusion 10 30+31 63+48° 87+68° 58+22" 45+52°
Occlusion 15 3633 66+54% 67+73 64+19° 41+46°
wave Occlusion 30 3328 78+70° 65+58" 56+26" 361422
Occlusion 45 3524 85+91° 67+56 52+27% 35+39*
Occlusion 60 3926 82+63° 66+62° 60+44° 38+44°
After drug 107+31 113+58° 112432 90+52* 102+13°
Occlusion 1 25+14 50+33° 64+39° 62+34° 42+38*
Occlusion 5 28+28 58+39° 58+33° 48+27° 46+39*
q Occlusion 10 25+23 50+39° 61+37° 46+20° 381422
Occlusion 15 24417 45+23° 51+36° 57+24° 30+£29*
wave Occlusion 30 30+20 45+25° 52+27° 49+25 30+26*
Occlusion 45 31417 6055 58+422 50+40° 32433
Occlusion 60 3637 56+25" 54+36 544412 46+58*
After drug 110+38 127+922 111+54° 82+28* 974212
Occlusion 1 30+14 52+33° 68+35° 59+36" 47+38*
Occlusion 5 3234 54+44° 63+42° 48+31° 45+312
a Occlusion 10 32428 57+60° 65+31° 53+30° 35+35*
Occlusion 15 25+15 41+15° 60+43° 56+31° 314247
wave Occlusion 30 28+15 49+28° 59+39° 52+32° 36+30°
Occlusion 45 3420 58+56 63+34° 62+67° 40+43*
Occlusion 60 46+45 59+322 66+31° 50+37% 61+82*
After drug 106+25 135+110° 94+28° 84+33° 99+25*
Occlusion 1 31+19 474217 73+44° 65+47° 58+55°
Occlusion 5 3634 57+49* 65+38" 54+27% 51+40°
b Occlusion 10 44+47 62+61° 69+28" 60+29° 38272
Occlusion 15 33+20 40+12* 71+47° 62+35 394222
wave Occlusion 30 3722 49+26° 71443 58+27° 42+433*
Occlusion 45 51+42 54+35° 76+39° 671722 47+36*
Occlusion 60 56+43 50+19* 84+65° 54+36° 84+108°
low freguency ones. Themore active the cerebrd cells REFERENCES

are, the higher the EEG frequency they dicite. We may

conclude that GhHE protectsthe cerebra cell function
againgt loss during ischemia. Once the norma blood
flow was regtored, the cerebra cell function could re- 2
cover rapidly. Thefact that the blood pressure of ani-
mals treated with GHE wassignificantly increased when

reperfusion was started following the globa cerebra

3

ischemia also suggested that the function of centra
nervous system was strengthened and regained the con-
trol over peripherd tissues.
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N, KisaraK, et al. Effects of Ginkgo biloba extract on im-
pairment of learning induced by cerebral ischemia AmJ
Chin Med 1998; 26: 127-32.
Zhou L, Ming L, Jiang Q. Protective effect of extract of
Folium Ginkgo on repeated cerebrd ischemia-reperfusion
injury. Chin JIntegrated Tradit West Med 2000; 20: 356-8.
MayY, Hei A, Jin Y. Beneficial effects of Ginkgo biloba
injection on experimenta focal cerebra ischemiain rats.
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Tab 2. Effect of GBE on EEG power spectrum of rats with global cerebralischemia. Mean+SD. *P>0.05,"P<0.05, ‘P<0.01 vsNS
group.

NS Nimodi pine GbE/mgkg™*
10 mg/kg 16 8 4
10 min after drug 113+40 108+50% 165+51° 135+78% 136+59%
Ischemial min 45122 51+29% 67+47% 82+79% 62+35%
Ischemia5 min 41421 42+26% 80+84% 48+32* 46+30°
d Ischemia 10 min 41429 49+46% 41+31* 48+31° 47+20°
Ischemia 15 min 34+20 671672 60+35% 44433 424227
wave Reperfusion 1 min 49+44 56+51% 58+47* 62+46% 44+28°
Reperfusion 5 min 39+25 67+53% 69+40° 67+59% 57+23°
Reperfusion 10 min 48125 71+522 73+442 79+59° 43+13
Reperfusion 15 min 4627 601472 82+45° 76+49° 56+37%
Reperfusion 30 min 52+19 68+30% 100+61° 103+48° 65+26%
10 min after drug 102+34 100+52% 1331372 128+55% 111+30%
Ischemial min 35+14 38+17% 55+30% 62+39% 44+ 307
Ischemia5 min 24+16 29+18% 48+47% 461417 29+242
q Ischemia 10 min 25+20 29+18% 22+18% 41+36° 26+15%
Ischemia 15 min 20+11 35+25% 30+21% 39+38* 22+14%
wave Reperfusion 1 min 33135 40+24% 44+ 407 44+ 39° 26+12%
Reperfusion 5 min 25+12 49+27° 65+32° 59+56° 38+31%
Reperfusion 10 min 34+22 56+28% 70+35° 63+41° 30107
Reperfusion 15 min 3724 58+39% 83+51° 76+55° 46+22%
Reperfusion 30 min 42+19 76+45% 92+33° 90+27¢ 68+46%
10 min after drug 86+27 96+25% 119+26" 118+35° 113+39%
Ischemial min 34+15 39+24% 54+27% 57+22° 40+18°
Ischemia5 min 20£12 24+15% 36+26% 42+36° 26+20°
a Ischemia 10 min 20+14 27+212 20+172 35+30% 25+212
Ischemia 15 min 14+8 29+25% 24+13% 35+28° 22+112
wave Reperfusion 1 min 34154 32+26% 44+48* 40+32° 23+12%
Reperfusion 5 min 2149 46+35° 60+23° 55+42° 40+27°
Reperfusion 10 min 9+14 86178 86+22° 88+17° 62+30%
10 min after drug 83+25 97+33% 102+16° 101+172 88+21%
Ischemial min 32124 29+14% 38+15* 49+25° 34+242
Ischemia5 min 16+9 19+11° 24+19° 32+31* 22+18%
b Ischemia 10 min 19+15 22+15% 15472 27+24% 19+19°
Ischemia 15 min 13+7 23+16° 20+6° 32+25° 20+112
wave Reperfusion 1 min 21+22 29+19% 37+50% 33+24% 24+12%
Reperfusion 5 min 1646 36+26° 38+17° 41+33° 30+17°
Reperfusion 10 min 23+13 43+24° 41+18° 41+24° 23+12%
reperfusion 15 min 2549 54+40% 52+22° 56+20° 33+18*
reperfusion 30 min 39+17 64+23° 70+13° 76114 ° 494227
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6 AbeK, Setoguchi Y, Hayashi T, ItoyamaY. In vivo adenovi- Chin Med 1995; 11: 30-1.
rus-mediated gene transfer and the expression in ischemic 10 Seif-El-Nasr M, El-Fattah AA. Lipid peroxide,
and reperfused rat brain. Brain Res 1997; 763: 191-201. phospholipids, glutathione level's and superoxide dismutase
7 Yul. Functional diagnosis. 1st ed. Beijing: People' s Medi- activity in rat brain after ischaemia: effect of Ginkgo biloba
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Tab 3. Effect of GBE on mean blood pressure of rat (mmHg). Mean+SD. *P>0.05, "P<0.05, °P<0.01 vs NS group.

Time NS Nimodipine GbhE/mgkg™
10 mg/kg 16 8 4
Normal 63+12 564132 564112 61+15? 67+17°2
10 min after drug 57+18 50+15° 69+12° 66+16 ° 66+16 °
Ischemial min 3512 3552 3552 36+6° 37+12°
Ischemia5 min 315 33+5° 33#4° 33.6+2.7° 30+4°
Ischemia 10 min 304 2952 32+4°2 32.6£2.8% 31+4°2
Ischemia 15 min 305 30+4° 32+#4° 33+2.7° 33+6°
Reperfusion 1 min 51+12 49+10° 64+13° 66+19° 55+192
Reperfusion 5 min 59+18 524112 72£10° 73+13° 654142
Reperfusion 10 min 60+21 544122 74£12° 79+12° 66+12 2
Reperfusion 15 min 53+20 544122 694162 74£13° 61+10°?
Reperfusion 30 min 4715 47+8% 63+12° 70£13° 534142

11 Wang H, Wang Y, Zhao X. Protective effects of Folium
Ginkgo extract on experimenta cerebrd ischemia of mice.
ChinaJ Chin Maer Med 1998; 23: 169-71.

12 Janssens D, RemacleJ, Drieu K, Michies C. Protection of
mitochondrial respiration activity by bilobdide. Biochem
Pharmacol 1999; 58: 109-19.



