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YABE, T., M. CHAT, E. MALHERBE AND P.-P. VIDAL. Effects of Ginkgo biloba extract (EGb 761) on the guinea
pig vestibular system. PHARMACOL BIOCHEM BEHAV 42(4) 595-604, 1992. — Previous studies have demonstrated that
the administration of Ginkgo biloba extract (EGb 761) improves the compensation of the vestibular syndrome induced by
transection of the VIIIth nerve. To investigate the mechanisms at play, the vestibular nuclei of alert guinea pigs were perfused
with EGb 761. This perfusion always induced a stereotyped reversible postural syndrome that was the mirror image of the
syndrome provoked by the unilateral lesion of the otolithical receptors. This result supports the hypothesis that EGb 761 has
a direct excitatory effect on the lateral vestibular nuclei (LVN) neurons. In a second step, we quantified the horizontal
vestibuloocular reflex (HVOR) of the normal guinea pig following IP injection of EGb 761. In normal guinea pig, IP
administration of EGb 761 led to a reversible, dose-dependent decrease of the HVOR gain without affecting the phase of the
reflex. These data help to explain the therapeutic effects of EGb 761 during vestibular syndromes and strongly suggest an

impact at the neuronal level.
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Vertiginous syndromes

THREE lines of evidence suggest that Ginkgo biloba extract
(EGDb 761) can modulate vestibular function. First, by using
radiolabeled extract it was demonstrated that EGb, or at least
certain of its components (22), crosses the blood-brain bar-
rier. Second, clinical studies have demonstrated that EGb 761
administration has a beneficial effect during vertiginous
syndromes [see (5,14,23)]. Third, behavioral, anatomical,
and electrophysiological studies have shown that EGb 761
can improve vestibular compensation after the VIIIth nerve
section:

1. At a behavioral level, the static postural syndrome, the
oculomotor deficits, and the dynamic postural impair-
ments following a neurectomy in the cat are compensated
in § weeks. EGb 761 shortens this delay to 3 weeks (11,19).
A similar observation has been made in the neurectomized
rat (7).

2. At the electrophysiological level, the regeneration of a nor-
mal resting discharge of the deafferented vestibular neu-
rons is instrumental in the vestibular compensation (3,8,
9,20,27,36,37,44,48). EGb 761 administration appears to
facilitate the return to a normal resting activity of the de-
afferented neurons (11,19).

3. At an anatomical level, it has been shown that, 1 week
after vestibular neurectomy, the terminal aborization loss
can amount to 35% of the synapses contacting the deaffer-
ented medial vestibular neurons (13,18,29). Then, a reac-
tive sprouting takes place over 5 months that leads to an
occupation of the vacant synaptic sites on the membrane
of the deafferented neurons (8,9,11,19). It has been re-
ported that chronic EGb 761 administration fastens the
sprouting induced by the vestibular nerve lesion (11,19)
and can also have a protective effect at the vestibular recep-
tors level (26).

In summary, it has been well demonstrated that EGb 761
has an effect on the central and peripheral vestibular system
but the mechanisms at play are unknown.

To investigate whether EGb 761 could have a direct impact
at the neuronal level, we studied the effect of EGb 761 on the
guinea pig vestibular system. This species has been a useful
model for both in vivo and vitro electrophysiological record-
ing techniques, and its vestibular system has been the object
of intensive investigations (1,2,15,28,30,32,33,36-41,44-47).
In the first part of this report, we present some evidence in
favor of a direct excitatory effect of EGb 761 on the lateral
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vestibular nuclei (LVN) neurons. In the second part, we show
that IP injection of EGb 76! induces a reversible, dose-
dependent decrease of the gain of the horizontal vestibuloocu-
lar reflex (HVOR).

METHOD

Pigmented male and female guinea pigs (Cavia porcellus)
weighing between 400-600 g were used in these experiments.

Perfusion of the Vestibular Complex

Surgical procedure. Guinea pigs were anesthetized with a
nembutal (40 mg/kg)/droperidol (4 mg/kg) mixture delivered
1P and prepared for vestibular field potentials recording.

To stimulate the vestibular nerve, trains of 100-ms pulses
(duration: 300 ms, frequency: 250 Hz) were delivered through
two Teflon-coated silver electrodes implanted over the round
window of the middle ear cavity and over the horizontal and
anterior semicircular ampullae, respectively. If nystagmic ocu-
lar movements were induced, the placement of the electrodes
was assumed to be correct and the electrodes were fixed using
dental cement. A craniotomy was performed over the ipsilat-
eral hemicerebellum and a T-shaped screw was implanted
along the midline for subsequent fixation of the cannula.

The guinea pig was then placed in a stereotaxic apparatus
to determine the boundaries of the vestibular nuclei. The ex-
tracellular vestibular field potential was evoked by single
shocks applied through the Ilabyrinthine electrodes and
mapped by extracellular field recordings with glass microelec-
trodes filled with 2 M NacCl (resistance between 1 and 2 MQ).
As first described by Shimazu and Precht (35) in the cat, the
vestibular field is composed of an early positive or positive-
negative wave (P), a large sharp negative wave (N1), and a
delayed negative component (N2). In guinea pigs, the latencies
of the P presynaptic wave, NI monosynaptic wave, and N2
polysynaptic wave are approximately 0.8, 1, and 1.3 ms, re-
spectively (2,45). A metal cannula of 0.3 mm diameter (arrow
2 in Fig. 1A) was lowered into the brainstem at coordinates
corresponding to the center of the vestibular nuclei complex,
defined as the site of the maximal amplitude of the N1 wave.
The cannula was fixed to the T-shaped screw with dental ce-
ment at a depth corresponding to the onset of the vestibular
field, that is, at the superior border of the vestibular complex.

On the 3 following days, the posture and eye position of
the operated guinea pig were observed. Animals that exhibited
a postural asymmetry or an oculomotor deviation were dis-
carded because it was assumed that these signs revealed a
vestibular nuclei lesion caused by the cannula implantation.

Justification of the concentration of the perfused EGb
761. The 10-mg/ml concentration was chosen for two reasons:
a) It is the optimal solubility in saline and b) it compares
favorably with the intravenous injection performed in the
clinic, which is twice higher.

Experimental protocol. After 3 days of rest, the totally
unrestrained guinea pigs were subjected to perfusion of the
vestibular nuclei by connecting the outer extremity of the can-
nula to a slow infusion pump by a Teflon catheter. EGb 761
was prepared by Henri Beaufour Institute (Les Ulis, France).
It is a well-defined and complex product extracted from green
leaves of Ginkgo biloba. The leaves are dried and subjected
to a 15-step extraction procedure, beginning with an acetone-
water mixture under partial vacuum. The final extract is stan-
dardized to contain 24% flavonoid glycosides (ginkgo flavone
glycosides) and 6% terpene lactones.

Two solutions were perfused at a rate of 1 ul/5 min: a) a
saline solution as a control and b) a solution of EGb 761 (10
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mg/ml) to test osmolarity. The dried extract was diluted in
saline and neutralized to pH 7.3. The osmolarity of that solu-
tion was measured using cryoscopy and found to have an
osmolarity of 310 mosm, which is in the range of isotonic
solutions.

The posture of animals during and after the perfusion was
monitored by employing an X-ray photographic method; top
and profile view X-ray exposures were taken before and one
half hour after the perfusion. Exposures were obtained from
above with the X-ray tube 60 cm away from the film and from
the side at a distance of 90 cm. As the perfusion rate of the
infusion pump was constant, the amount of drug injected in
the vestibular nuclei could be approximately estimated at any
time during the experiment.

Data analysis. To quantify the postural syndrome induced
by the EGb 761 perfusion, guinea pig X-ray pictures were
analyzed as previously described by de Waele et al. (44,47). In
that protocol, because of the presence of a massive nystagmus
no attempt was made to quantify the HVOR.

Thoracic and lumbar vertebrae rotation about the longitu-
dinal axis was estimated by attributing, on top view X-ray
exposures, a coefficient of rotation (CR) for each vertebra.
Values in arbitrary units (A.U.) were attributed according to
the following criteria. If the spiny process crest was central
relative to the vertebral body, that is, in the absence of any
rotation about the longitudinal axis (refer to the arrow in Fig.
1B), it was assigned a zero CR. If it was eccentric (correspond-
ing to a vertebra rotation of about 45° relative to the longitu-
dinal axis) or if it was visualized near the edge of the vertebral
body (rotation of about 90°), values of CR 1 and 2 were
assigned, respectively. Finally, if the spiny process crest was
invisible (in case of a vertebrae rotation larger than 90°; see,
e.g., arrow 2 in Fig. 1C) a CR of 3 was given. The CR was
assumed to be positive if the vertebrae rotated toward the
side of the perfusion and negative if they rotated toward the
opposite side. By summing the CR of different adjacent verte-
brae, we could estimate the global CR of the thoracic and
lumbar column.

Histological procedures. At the end of the experiments,
guinea pigs were killed with a nembutal overdose. Brains were
then removed and stored in 10% formaldehyde solution.
Transversal sections, cut at 75 um thickness on a freezing
microtome, were then processed and stained with cresyl violet
acetate for visualization of the vestibular nuclei. Sections were
examined for signs of degeneration of vestibular nuclei neu-
rons. They also served to reconstruct the cannula tracks and
determine the exact location of the cannula tips.

HVOR and Electroencephalogram Recording in
Normal and Hemilabyrinthectomized Guinea Pigs

Surgical procedure. Under nembutal (40 mg/kg)/droperi-
dol (4 mg/kg) anesthesia, the subsequent surgical procedure
was followed: a) A coil made of two turns (diameter: 9 mm,
weight with the connecting lead: 3 mg) of Teflon-coated seven-
stranded stainless steel wire (0.23 mm of diameter, A-M Sys-
tems, Inc., Everett, WA) was implanted on the eyeball using
fine sutures with 7-0 silk to measure eye movements with the
search coil method (12). b) Three stainless steel T-shaped bolts
were cemented in the temporal and occipital bones to secure the
fixation of the head holder and record the electrocorticogram
signal. ¢) A head holder was cemented stereotaxically onto the
skull to restrain the animal’s head during the recording session.
The stereotaxic plane was determined by a head rotation around
the interaural axis until the calvarium was horizontal between
anterior 6 and 14 mm from the stereotaxic 0.
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FIG. 1. Skeletal geometry before and after EGb 761 perfusion of the vestibular nuclei. (A) Lateral X-ray exposure of
a saline-perfused guinea pig at rest. Note the vertical orientation of the cervical column and the physiological curvature
of the cervicothoracic junction (arrow 1). Arrow 2 indicates the position of the perfusion cannula. (B) Top view
exposure of the same control animal. The spiny process crests of the thoracic vertebrae are well centered, indicating
the absence of rotation of the thoracolumbar column (arrow). (C) Top view exposure of the same animal after EGb
761 perfusion. The head neck ensembile is rotated en bloc on the side contralateral to the perfused side. The cervicothor-
acic junction (arrow 1) is viewed from the side as a consequence of the forced rotation of the thoracic vertebrae
toward the contralateral side. Arrow 2 indicates the disappearance of the spiny process crests of the rotated thoracic
and lumbar vertebrae. Notice also the forced extension of the forelimb and hindlimb ipsilateral to the perfused side
and the forced flexion of the contralateral limbs (arrow 3).
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Recording conditions. The HVOR was studied after 1 week
of recovery from surgical procedures. Each recording session
lasted 1 h and the testing program never exceeded 2 weeks.
Alertness was continuously monitored using the electroen-
cephalogram (EEG), and the data recorded during episodes
of slow waves were discarded.

For the HVOR recording, the guinea pig was placed on a
servo-controlled turntable for vestibular stimulation. Its body
was unrestrained and its head was secured to the head holder
in a 35° nose-down position to orient the horizontal semicircu-
lar canals in the horizontal plane (6). The head holder was
fixed to the turntable such that the guinea pig’s eyes were
positioned in the center of a magnetic field generated by two
pairs of field coils set up at right angles on the turntable. In
that location, the current generated by the magnetic field in
the eye coil was linearly related to the rotation of the eye
(volume of linearity: 40 cm®). The horizontal and vertical com-
ponents of the eye position were recorded by a SKALAR
(Delf, The Netherlands) magnetic search coil system with a
band-width of DC to 200 Hz (3 dB).

Calibration of the eye movements was obtained by rotating
the field coils around the animal in steps of 10° in the horizon-
tal and vertical planes. Resolution of the eye position was
estimated to have an accuracy of 1°.

Justification of the concentration of the IP injection.
The 10- mg/ml concentration was chosen because, in the
clinic, therapeutical doses amount to 3 mg/kg/24 h. It is gen-
erally accepted that there is a factor of 7 at play when one
wants to compare the dose administered in humans and in
guinea pigs (25). In that condition, the 25- and 50-mg/kg IP
injected solutions compare to the dose used in humans and
twice that dose, respectively.

Experimental protocol. Three noninjected guinea pigs were
tested with the protocol described above to control whether
the repetition of the VOR measurement in a relatively short
period of time could lead to a vestibular habituation. Five
animals were injected IP with 25 mg/kg EGb 761 diluted in a
saline solution. Three were injected with 50 mg/kg EGb 761
diluted in a saline solution. Both saline-diluted solutions were
neutralized to pH 7.3 and were found to be in the range of
isotonic solutions (270-328 mosm) when their osmolarity was
checked by cryoscopy.

The horizontal and vertical components of the eye posi-
tion, the turntable position and velocity signal, and the EEG
were recorded on an FM magnetic tape (band width: DC to 1
KHz) for off-line analysis. Each animal was subjected to five
frequencies (0.05, 0.1, 0.5, 1, and 2 Hz) of horizontal sinusoi-
dal rotations in darkness at a peak angular velocity of 40°/s
before and 30 min, 1, 2, 24, 48, and 72 h after IP injections
of EGb 761.
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Data analysis. The EEG, horizontal and vertical compo-
nents of eye position, turntable position, and velocity were
displayed on paper using an electrostatic chart recorder
(Gould ES 1000, Cleveland, OH). Calculations were per-
formed by land. The quick phases were eliminated from the
record of the horizontal component of the eye position by
constructing the cumulative slow phase curve (CSPC): Using
a transparent sheet of paper, the sinusoidal slow phases were
redrawn, omitting the segments of the record corresponding
to the quick phases. To avoid empty gaps on the sample, each
time a quick phase was bypassed the paper was shifted by
hand to the left so that the two segments corresponding to two
successive slow phases were in continuity. Then, the following
calculations were performed from the original records and
from the CSPC: a) peak angular velocity and position of the
table; b) gain, defined as the peak amplitude of the eye move-
ment on the CSPC divided by the peak amplitude of the table
position; and c) phase shift was calculated on the original
record of the horizontal component of the eye position—it
was defined as 0° when the eye position was 180° out of phase
with the table position.

Statistical analysis. Regarding the dose-treated groups,
all results are expressed as a mean value + SD of absolute
data in comparison with the respective time 0. Statistical anal-
ysis was performed using the two-way F test of variance: *, **,
and *** indicate 0.01 < p < 0.05, 0.001 < p = 0.01, and
p < 0.001, respectively.

RESULTS

Saline and EGb 761 Perfusion of the Vestibular Nuclei

Saline perfusion. After the perfusion of up to 15 ul saline
in the vestibular complex, the resting posture of the three
guinea pigs was normal. This is illustrated in Fig. 1, which
shows an X-ray view taken from the side (Fig. 1A) and from
above (Fig. 1B) of guinea pig 1 (cf. Table 1). As previously
described (43), on an X-ray view from the side (Fig. 1A) the
cervical column is oriented vertically and is aligned with the
gravity vector. The animal holds its head such that the plane
of the horizontal semicircular canals is held tilted at about
20° above the horizontal plane. The absence of head rotation
in the horizontal and frontal plane can be detected by the
superposition of the two tympanic bullae. On the X-ray view
from above, the spiny process crests of the thoracic vertebrae
(see arrow in Fig. 1B) are well centered. This indicates a lack
of rotation of the thoracic and lumbar vertebrae about the
longitudinal axis of the animal.

EGb 761 perfusion in the vestibular complex.

Postural syndrome. By contrast, in the same guinea pig (1 in

TABLE 1
EFFECTS OF EGb 761 PERFUSION ON SKELETAL GEOMETRY

Guinea pig Gb injected (ul) Gb quantity (mg) Latency (min) Thoracic CR (A.U.) Lumbal CR (A.U.) Duration (h)
1 3 0.03 3.0 -9 -9 1
2 12 0.12 3.5 -9 -9 3
3 5 0.05 4.0 -9 -9 1.5

This table indicates, for the three tested guinea pigs, the total amount injected, the quantity of EGb 761, the latency of the
effects of EGb 761 perfusion, the CR of the thoracic vertebrae, the CR of the lumbar vertebrae, and the duration of the induced
vestibular syndrome. Negative CR values indicate a rotation of the vertebrae toward the side contralateral to the perfused

vestibular nucleus.
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FIG. 2. Histological study of the lateral vestibular nucleus following perfusion with EGb 761 solution. (A) Frontal
section of the tested guinea pigs’ brainstem (2 in Table 2) after EGb 761 perfusion. Note the cannula tip track (ca)
above the right side vestibular nuclei (VN) and the absence of ischemic signs in the ipsilateral VN (compare with the
contralateral VN), Bar = 500 um; cresyl violet stain. ph, prepositus hypoglossi nucleus; sa, stria acoustica; V4, the
fourth ventricle; vi, inferior vestibular nucleus; vl, lateral vestibular nucleus; v, medial vestibular nucleus. (B, C)
High magnification of the left (intact side) and right (perfused side) lateral vestibular nuclei of Fig. 2A, respectively.
No sign of either chromatolysis or gliosis is present. Bar = 100 ym.
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Table 1), the perfusion of the vestibular complex with 3 ul
EGDb 761 diluted in saline (10 mg/ml) induced a massive and
stereotyped postural syndrome, as illustrated in Fig. 1C, an
X-ray view from above. The head neck ensemble is rotated en
bloc on the side contralateral to the injection. This rotation
explains why the physiological curvature of the cervicothora-
cic junction in the sagittal plane, which is easily seen on the
lateral X-ray view (arrow 1 on Fig. 1A) but not detected on
the X-ray view from above in the normal animal (Fig. 1B), is
now visible on the X-ray view from above after the EGb 761
perfusion (arrow 1 in Fig. 1C). The spiny process crests of the
thoracic and lumbar vertebrae normally seen on the X-ray
from above before the perfusion (arrow in Fig. 1B) have dis-
appeared after the perfusion (arrow 2 in Fig. 1C). This demon-
strates the rotation of the thoracic vertebral bodies about the
longitudinal axis of the animal at the origin of the bascule of
the head-neck ensemble in the frontal plane. The rotation can
also be detected by comparing the thoracic ribs in Figs. 1B and
1C. A quantified analysis of the vertebrae rotations indicate a
maximal rotation (CR 9 in Table 1) for both the thoracic and
lumbar columns in the three tested guinea pigs. As a result of
the postural syndrome, it was impossible to obtain a clear
lateral X-ray view.

Finally, the EGb 761 perfusion induced a forced extension
of the forelimb and hindlimb ipsilateral to the side of the
perfusion and the forced flexion of the limbs contralateral to
the cannula (arrow 3 in Fig. 1C).

Oculomotor syndrome. In the three perfused guinea pigs, the
oculomotor syndrome (not illustrated) followed the same time
course of the postural syndrome. It was characterized by a
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FIG. 3. Normal HVOR elicited by sinusoidal horizontal stimulation.
From top to bottom: EEG recording, HVOR recordings at 0.05, 0.1,
0.5, 1, and 2 Hz. h, horizontal component of eye movements; v,
vertical component of eye movements; t, table position; sec, second.
Upper, middle, and lower calibration bars applied to the horizontal,
vertical, and table position signals, respectively. Note that the com-
pensatory horizontal sinusoidal slow-phase eye movements are inter-
rupted by anticompensatory fast-phase eye movements.
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tonic upward deviation of the eyeball on the ipsilateral side
and a tonic downward deviation on the contralateral side.
This abnormal eye position was accompanied by an ocular
nystagmus with the slow phase oriented toward the contralat-
eral side of the perfusion.

The postural and vestibular syndromes disappeared within
a few hours after the perfusion (see Table 1). It should be
noted that these postural and oculomotor syndromes are mir-
ror images of the ones we described after unilateral selective
lesion of the otolithical receptors (44). After an otolithical
lesion, the head-neck ensemble is rotated ipsilaterally to the
side of the lesion and the limbs are extended contralaterally.

Histological study. In the three perfused guinea pigs, histo-
logical study revealed that the inferior extremity of the can-
nula was localized at the superior border of the vestibular
nuclei complex. The lack of gliosis under the cannula tract
associated with an absence of chromatolysis strongly suggests
that EGb 761 had no toxic effects on the vestibular neurons
(Figs. 2A, B, and C).

EGb 761 IP Injection

HVOR gain immediately before and after EGb 761 IP in-
Jection. Eye movements during sinusoidal rotations of the
turntable in darkness at 0.05, 0.1, 0.5, 1, and 2 Hz are illus-
trated in Figs. 3 and 4 before and 2 h after IP injection of 50
mg/kg EGB 761. From top to bottom, the turntable position
(i.e., the head position in the head-fixed animal) and the hori-
zontal and vertical components of the eye movements are
traced for each of the five frequencies tested. The horizontal
component of the eye position induced by the sinusoidal table

EGb 761 50mg/kg

EEG

A ity VA " et Y T RN Lt P e NP
N T
0.05Hz /\ N

J/ /‘//\\\ " )V"

\{]Z, [ ”K/’* _______ __\___\( left

0.1Hz /X(\ é
\\\: ))K/ K \ \7/\//}(\——\\\;)(://” f\\y‘

rnght

up

_ — |10
0.5Hz ~  'down
\J\ WA \/\v/“\\f\
1Hz -

\/\ /\/\//\ N /\/\ h
N ... . right

2Hz —  left

/\/\/\/\/\/\/\/\_/\/\/\/\/\/\/

—~ Pty

1sec

FIG. 4. HVOR at 2 h after IP injection of 50 mg/kg EGb 761. Same
legend as in Fig. 3. Notice the decrease in the number of fast phases
and the diminution of the overall amplitude of the slow phases com-
pared with the HVOR illustrated in Fig. 3. Note also that there are no
remarkable changes in the EEG recording compared with that in Fig.
3.
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FIG. 5. Averaged HVOR gain decrease following the injection of 25
mg/kg (n = 5) and 50 mg/kg (n = 3) of EGb 761 in normal guinea
pigs. Dotted line indicates the results of the injection of 25-mg/kg
and the solid line shows the results of the 50-mg/kg injection. Each
point corresponds to a mean value of the HVOR gain tested before
(time 0), and one half, 1, 2, 24, 48, and 72 h after the EGb 761
injection. Vertical bar indicates the standard deviation of each value.
Statistical analysis was performed using the two-way F test of vari-
ance. *0.01 < p < 0.05, **0.001 < p < 0.01, ***p < 0.001.

rotations can be depicted as a slow sinusoidal eye movement
oriented contralaterally to the table rotation that stabilized
the gaze. The slow phases are periodically interrupted by quick
phases toward the ipsilateral side that reorient the eye in the
orbit. Comparing the two figures, it can be seen that, at every
tested frequency, the number of quick phases and the overall
amplitude of the slow phases are diminished in Fig. 4. This
indicates that EGb 761 has induced an important depression
of the HVOR.

The vertical component of the eye movement is virtually
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flat because the head is positioned (35° nose down) such that
the plane of the horizontal semicircular canal coincides with
the plane of the vestibular stimulation. In that head orienta-
tion, the plane of the vertical semicircular canal is approxi-
mately parallel to the axis of rotation and therefore the ampul-
lae of the vertical semicircular canals are hardly stimulated.

The five graphs illustrated in Figure 5§ correspond to the
mean values and standard deviations of the HVOR gain tested
at 0.05, 0.1, 0.5, 1, and 2 Hz immediately before (time 0),
and one half, 1, 2, 24, 48, and 72 h after the injection of 25
and 50 mg/kg EGb 761. Statistical analysis was performed
using the two way F-test of variance: *, ** and *** indicate
0.01 < p < 0.05,0.001 < p < 0.01 and p =< 0.001, respec-
tively. Clearly, the EGb 761 effect on the HVOR was dose
dependent and reversible. It was already noticeable 30 min
after the injection, reached a peak 1 or 2 h later, and then
slowly returned to subnormal values in 48-72 h. The gain of
the HVOR showed a statistical difference for the 50-mg/kg
EGb 761 injection at all tested frequencies 1 and 2 h after the
injection when compared to the preinjection values.

HVOR phase immediately before and after EGb 761 IP
injection. The results are summarized in Table 2. It should
first be noted that the phases of the HVOR are similar to
those calculated previously from a larger sample of guinea
pigs (10). Second, no statistical differences (confidence inter-
val 0.05) were observed before and after injection of EGb 761.

Alertness level after EGb 761 IP injection. The alertness
level was monitored before and during the HVOR recording
sessions using the EEG as an index. No systematic tendency
to a decrease of the level of alertness was observed in the eight
tested guinea pigs after EGb 761 IP injection.

HVOR gain and phase in three control guinea pigs. To
check whether the repeated measurements of the VOR in a
short period of time could have some effect on the VOR gain,
three noninjected guinea pigs were submitted to the same pro-
tocol as injected animals. The result of this test is shown in
Table 3. Statistical analysis was performed using the two-way
F test of variance, which clearly demonstrates that no statisti-
cally significant differences took place when the VOR was
tested repetitively.

DISCUSSION

We shall first discuss the results of the vestibular complex
perfusion and then focus on the effect of IP injection on the
HVOR.

Perfusion of the Vestibular Nuclei

EGb 761 perfusion induced a massive but reversible pos-
tural syndrome in the three guinea pigs we tested. This is
strongly suggestive of an excitatory effect of EGb 761 on ves-
tibular neurons. A similar protocol has been used to study the
NMDA (47) and H, receptors (49). It has allowed us to predict
the presence of these receptors in the vestibular nuclei, recep-
tors that were then proven to be effectively present at the level
of the vestibular nuclei by our two subsequent in vitro studies
(31,34).

A precise assessment of the perfused EGb 761 diffusion
would have required a radioactively tagged compound that
is unfortunately not presently available. Hence, it cannot be
ascertained whether the behavioral effects of the perfusion
were solely due to the effect of the EGb 761 on the LVN or
whether neighboring structures were also responsible. How-
ever, a series of arguments tend to indicate that the EGb 761-
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TABLE 2

MEAN VALUES AND STANDARD DEVIATIONS OF HVOR PHASE BEFORE (NORMAL)
AND AFTER (50 mg/kg) THE EGb 761 INJECTION

Frequency
Dose 0.05 Hz 0.1 Hz 0.5Hz 1 Hz 2Hz
Normal (n = 3) 45.2 + 37 379 £ 2.6 147 £ 3.0 9.9 + 20 5.6 + 0.8
50 mg/kg (n = 3) 41.1 + 2.1 37.5 £ 2.2 16.1 + 0.6 89 + 2.2 5.8 £ 0.5

There is no statistical significant difference (p < 0.05) between the values recorded before and

after EGb 761 injection.

induced postural syndrome was only mediated through its im-
pact on the vestibular nuclei:

1. The histological reconstructions demonstrated that the
three cannulae were implanted above the vestibular nuclei
and the latency of the postural effect was short (in the
range of minutes).

2. The syndromes observed were not of mechanical origin
since the EGb 761 solution was isotonic and injections of
up to 15 ul saline were without effect in the three control
guinea pigs.

3. The postural deficits were not due to cellular lesions since
they were all reversible in a few hours. Moreover, histologi-
cal examination of the vestibular nuclei did not reveal any
sign of neuronal necrosis (Fig. 2).

4. The effects and diffusion of EGb 761 appeared to be lim-
ited to the vestibular nuclei. Respiration, thermoregula-
tion, vigilance, and feeding behaviors were all normal.

5. It is unlikely that our perfusions led to a rapid diffusion of
the EGb 761 in the ventricular system for at least two rea-
sons: First, the position of the cannula was checked during
implantation (no CSF coming out of the cannula), and
after the experiment the histological materials showed that
the cannulae were placed above the center of the vestibular
complex, quite remote from the ventricular cavity. Second,
a major diffusion of the compound in the ventricular cavity
should have not produced a major asymmetric static vestib-
ular syndrome. It should have left the posture unaffected
as was the case with the IP injection since the vestibular
complex on both sides would have been affected.

6. Finally, our study shows that the postural and oculomotor
syndromes induced by the EGb 761 perfusion were the
mirror image of syndromes we have described that follow

the unilateral lesion of the otolithical receptors (44). Both
these syndromes followed a similar time course and can be
attributed to increased activity of the LVN neurons. In-
deed, after unilateral selective otolithical destruction the
postural and the oculomotor deficit is induced by an imbal-
ance between the resting discharges of the LVN neurons of
the two sides. The neurons located in the nucleus on the
lesioned side are suddenly deprived of a massive excitatory
input because of the loss of their otolithical afferents. Con-
sequently, their resting discharge decreases considerably
(20,48). It is therefore reasonable to hypothesize that an
imbalance of the resting discharge of the lateral vestibular
neurons is also at the root of the EGb 761-induced syn-
dromes. However, the deficits were oriented contralaterally
to the deficits observed after the otolithical lesion. There-
fore, one can reasonably make the hypothesis that EGb
761 had probably provoked an imbalance of the resting
discharge of the lateral vestibular neurons bilaterally by
inducing a hyperactivity of the LVN neurons on the side
of the perfusion.

What could be the neuronal substrate of this hyperactivity?
The present experiment did not allow us to choose one of
the two following possibilities: Either EGb 761 has a direct
depolarizing effect on the LVN neurons or this compound has
a hyperpolarizing effect on inhibitory interneurons contacting
them. One hypothesis would be that EGb 761 augments the
acetylcholine level in the vestibular nuclei; it has been shown
that EGb 761 can accelerate the precursor synthesis of that
neuromediator (42). Moreover, acetylcholine is known to in-
duce a large depolarization of the LVN (16,17) and this neu-
romediator is implicated in the vestibular compensation pro-
cess (4). Alternatively, EGb 761 could have an effect on the

TABLE 3
HVOR GAIN VALUES OF THREE NONINJECTED CONTROL GUINEA PIGS
Time (h)
Frequency oMM + SD) 0.5(M = SD) 1(M + SD) 2(M t SD) 24M +£SD) 48M +£SD) 72(M £ SD)
0.05 Hz 0.32 + 0.07 0.34 £ 0.06 0.32 + 0.08 0.35 + 0.08 0.34 + 0.09 0.30 £ 0.04 0.30 + 0.07
0.1 Hz 045 £ 0.05 043 + 006 045 + 0.08 0.44 + 0.07 046 + 0.01 0.38 + 0.05 0.44 + 0.08
0.5 Hz 048 + 005 042 £ 0.09 0.53 + 0.05 0.51 + 0.04 046 + 0.06 047 + 0.04 0.53 + 0.06
1 Hz 0.56 £ 0.06 0.51 + 0.08 0.57 + 0.10 0.56 + 0.04 0.54 + 0.08 0.56 + 0.05 0.53 + 0.08
2Hz 0.65 + 0.08 0.62 + 0.11 0.68 + 0.06 0.68 + 0.04 0.69 + 0.05 0.65 + 0.06 0.66 + 0.09

There is no statistical significant difference between the values of the HVOR gain in noninjected guinea pigs during
the repeated measurements of the VOR. Statistical analysis was performed using the two way F test of variance. M,
mean value. +SD, standard deviation.
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voltage-sensitive conductances of the vestibular neurons. Qur
results may also explain why EGb 761 administration acceler-
ates the compensation of the static postural syndrome follow-
ing the VIIIth nerve section (7,11,19): EGb 761 probably
speeds the reequilibration of the resting discharge of the two
lateral vestibular nuclei neurons by increasing the firing of the
deafferented LVN neurons.

It remains to be seen whether EGb 761 has some influence
on the other vestibular nuclei neurons. Our paradigm cannot
exclude that possibility:

1. First, a unilateral lesion of the anterior and posterior canal
input was shown to leave the resting posture of the guinea
pig unaffected (de Waele, in preparation); therefore, even
if EGb 761 had induced an asymmetry of the discharge of
the superior and inferior vestibular nuclei that mediate
these inputs it probably would not have been detected.

2. Second, none of the three guinea pigs exhibited a rotation
of the head about the longitudinal axis of the cervical col-
umn. Such a rotation would have been a clear sign of modi-
fication of the neuronal activity in the horizontal vestibulo-
spinal pathway (44); however, this does not exclude the
possibility that EGb 761 had an impact on the medial ves-
tibular nuclei neurons for at least two reasons: It may well
be that the modifications induced by this compound on
both the excitatory and inhibitory neuronal discharge of
this nucleus cancel each other. It may also be that the
massive postural syndrome made it impossible to detect a
discrete head rotation in the horizontal plane.

Effect of IP Injection on the HVOR

As discussed above, the EGb 761 when perfused locally
tends to have an excitatory effect on the LVN neurons. When
injected IP, it decreases the gain of the HVOR. These results
are not in contradiction. First, the LVN neurons control the
vestibular reflexes in the lateral and frontal planes while the
HVOR is controlled by the medial vestibular neurons. EGb
761 could have effects of opposite polarities in these two nu-
clei. Second, it may be impossible to compare the effects of a
localized perfusion of a drug with the effects of its IP injec-
tion; in the latter case, the active compound diffuses in all the
structures of the CNS. A similar example of effects of oppo-
site polarities between a localized vestibular perfusion and an
IP injection had also been demonstrated for thioperamide, an
H, agonist (49).

Before injection, HVOR performances of all tested guinea
pigs were considered normal since they were identical to those
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of a larger control group (n = 18) of animals tested pre-
viously in our laboratory (10). Therefore, our results shows
clearly that EGb 761 IP injection decreases the HVOR gain.
Despite the intrinsic and intersubject fluctuations of the
HVOR, 25 mg/kg was sufficient to demonstrate statistically
the effect of EGb 761. At 50 mg/kg, the effect is particularly
clear. This effect is most probably due to a rather specific
effect of EGb 761 on the CNS since: a) It has been demon-
strated that at least some of the derivatives of that compound
cross the blood-brain barrier; b) the repetition of the protocol
in three noninjected guinea pigs showed that the repetition of
the HVOR measurements in a relatively short period of time
did not induce per se a diminution of the gain; c) continuous
EEG monitoring negates the possibility that the diminution of
the HVOR gain was due to a vigilance decrease. In fact, EGb
761 has been shown to raise the alertness level in humans (24).
Finally, and not surprisingly, the time course of the HVOR
gain modulation was reminiscent of the time course of the
EGb 761 blood concentration, which peaks 1%2 h after admin-
istration and is minimal 72 h later (21).

Insofar as some extrapolations are possible, the amount of
the injected drug was in the range (see the Method section) of
therapeutic doses in the clinic. Hence, our results could partly
explain why EGb 761 administration improves the condition
of vertiginous patients: It may decrease the dynamic responses
of the neuronal network (which included the medial vestibular
nuclei neurons) implicated in detecting head motion in the
horizontal plane. This result is not in contradiction with a
putative augmentation of the resting discharge of the deaffer-
ented LVN neurons discussed above, which could help to im-
prove the static vestibular responses.

CONCLUSION

Our results provide some evidence of a direct action of
EGb 761 on the neurons of the CNS. They may provide some
clues to understanding the beneficial effect of EGb 761 on the
compensation of the vestibular deficit and during vertiginous
syndromes. Further studies at the in vitro level are necessary
to elucidate which components of EGb 761 are active in the
CNS and what cellular mechanisms are at play.

ACKNOWLEDGEMENTS

This work was supported by grants from IPSEN. The authors
thank Pr. Hisnard, Van de Moortele, the technical staff of the Depart-
ment of Radiology of Poissy Hospital, and Stéphanie Lemarchand
for excellent technical assistance.

REFERENCES

1. Azzena, G. B. Role of the spinal cord in compensating the effects
of hemilabyrinthectomy. Arch. Ital. Biol. 107:43-53; 1969.

2. Azzena, G. B.; Mameli, O.; Tolu, E. Vestibular nuclei of hemila-
byrinthectomized guinea-pigs during decompensation. Arch. Ital.
Biol. 114:389-398; 1976.

3. Berthoz, A. The role of gaze in compensation of vestibular dys-
function: The gaze substitution hypothesis: In: Pompeiano, O.;
Allum, J. H. 1., eds. Progress in brain research. vol. 76. Vestibu-
lar control of posture and locomotion. Amsterdam: Elsevier;
1988:441-420.

4. Bienhold, H.; Flohr, H. Role of cholinergic synapses in vestibular
compensation. Brain Res. 195:476-478; 1980.

5. Claussen, C. F. Diagnostic and practical values of craniocorpog-
raphy in vertiginous syndromes. Presse Médicale 15(31):1565-
1568; 1986.

6. Curthoys, 1. S.; Curthoys, E. J.; Blancks, R. H. S.; Markham,

C. H. The oricntation of the semicircular canals in the guinea-pig.
Acta Otolaryngol. (Stockholm) 80:197-205; 1986.

7. Denise, P.; Bustany, A. The effect of extract of Gingko biloba
(EGb 761) on central compensation of a total unilateral peripheral
vestibular deficit in the rat. In: Lacour, M.; Toupet, M.; Denise,
P.; Christen, Y., eds. Vestibular compensation: Facts, theories
and clinical perspectives. Paris: Elsevier; 1989:201-208.

8. Dieringer, N.; Precht, W. Mechanisms of compensation for ves-
tibular deficits in the frog. I. Modification of the excitatory com-
missural system. Exp. Brain Res. 36:311-328; 1979.

9. Dieringer, N.; Precht, W. Functional restitution of static and
dynamic reflexes in the frog after hemilabyrinthectomy. In:
Flohr, H.; Precht, W., eds. Lesion-induced neuronal plasticity in
sensorimotor systems. Berlin: Springer-Verlag; 1981:184-196.

10. Escudero, M.; de Waele, C.; Berthoz, A.; Vidal, P. P. Horizontal
vestibulo-ocular and vestibulo-collic reflexes in the normal and



13.

14.

15.

20.

21.

22.

23.

24.
25.
26.

27.

28.

29.

hemilabyrinthectomized guinea-pig. European Neuroscience As-
sociation (ENA) 12:6.8; 1989.

. Ez-Zaher, L. Restauration des fonctions nerveuses: Mécanismes

et perspectives thérapeutiques. Etudes comportementale, electro-
physiologique et immuno-cytochimique du rble de extrait de
Ginkgo biloba dans la compensation des déficits vestibulaires
chez le chat. Theése de Doctorat, mention neurosciences et Com-
portement, Aix-Marseille University, 1990, p. 168.

. Fuchs, A.; Robinson, D. A. A method for measuring horizontal

and vertical eye movements chronically in the monkey. J. Appl.
Physiol. 21:1068-1070; 1966.

Gacek, R.; Lyon, M.; Schoonmaker, J. Ultrastructural changes
in the vestibulo-ocular neurons following vestibular neurectomy
in the cat. Ann. Otorhino. Laryngol. 97:42-51; 1988.
Hagenauer, J. P.; Cantenot, F.; Koskas, H.; Pierart, H. Traite-
ment des troubles de I’équilibre par I'extrait de Ginkgo biloba.
Presse Médicale 15(31):1569-1572; 1986.

Jensen, D. W. Reflex control of acute postural asymmetry and
compensatory symmetry after a unilateral vestibular lesion. Neu-
roscience 4:1059-1073; 1979.

. Kirsten, E. B.; Sharma, J. N. Microiontophoresis of acetylcho-

line, histamine and their antagonists on neurons in the medial
and lateral vestibular nuclei of the cat. Neuropharmacology 15:
743-753; 1976.

. Kirsten, E. B.; Sharma, J. N. Characteristics and response differ-

ences to iontophoretically applied norepinephrine, d-ampheta-
mine and acetylcholine on neurons in the medial and lateral ves-
tibular nuclei of the cat. Brain Res. 112:77-90; 1976.

. Korte, G. E.; Friedrich, V. L. The fine structure of the feline

superior vestibular nucleus: Identification and synaptology of the
primary vestibular afferents. Brain Res. 176:3-32; 1979.

. Lacour, M.; Ez-Zaher, L.; Raymond, J. Plasticity mechanisms

in vestibular compensation are improved by an extract of Ginkgo
biloba (EGb 761): Behavioral, neurophysiological and morpho-
logical correlates in the cat. Pharmacol. Biochem. Behav. 40:367-
379; 1991.

Lacour, M.; Manzoni, D.; Pompeiano, O.; Xerri, C. Central
compensation of vestibular deficits. 111. Response characteristics
of lateral vestibular neurons to roll tilt after contralateral laby-
rinth deafferentation. J. Neurophysiol. 54:988-1005; 1985.
Moreau, J. P.; EcK, C. R.; McCabe, J; Skinner, S. Absorption,
distribution et élimination de I’extrait marqué de feuilles de Gink-
g0 biloba chez le rat. Presse Médicale 15(31):1458-1461; 1986.
Moreau, J. P.; Eck, C. R.; McCabe, I.; Skinner, S. Absorption,
distribution, and excretion of tagged Ginkgo biloba leaf extract
in the rat. In: Fiinfgeld, E. W., ed. Rokan (Gingko biloba): Re-
cent results in pharmacology and clinic. New York: Springer-
Verlag; 1988:37-45.

Natali, R.; Rachinel, J.; Pouyat, P. M. Tanakan dans les syn-
dromes cochleovestibulaires relevant d'une étiologie vasculaire.
Traitement de long cours. Gaz. Méd. de France 86(13):1381-
1385; 1979.

Pidoux, B. Effet sur l'activité fonctionnelle cérébrale de I'extrait
de Ginkgo biloba. Presse Médicale 15(31):1588-1591; 1986.
Porchet, H. De la souris & ’homme: ’Extrapolation des données
animales. Méd. Hyg. 47:1222-1226; 1989.

Raymond, J. Effet de 'extrait de Ginkgo biloba sur la préserva-
tion morphologique des épitheliums sensoriels vestibulaires chez
la souris. Presse Médicale 15(31):1484-1487; 1986.

Ried, S.; Maioli, C.; Precht, W. Vestibular nuclear neuron activ-
ity in chronically hemilabyrinthectomized cats. Acta Otolaryngol.
98:1-13; 1984.

Schaefer, K. P.; Meyer, D. L. Compensation of vestibular le-
sions. In: Kornhuber, H. H., ed. Handbook of sensory physiol-
ogy. vol. VI, part 2. Berlin: Springer-Verlag; 1974:463-490.
Schwarz, D. W. F.; Schwarz, I. E.; Frederickson, J. M. Fine
structure of the medial and descending vestibular nuclei in normal
rats and after unilateral transection of the vestibular nerve. Acta
Otolaryngol. 84:80-90; 1977.

30.

31.

32.

33.

34,

3s.

36.

37.

38.

39.

41.

42,

43.

45.

47.

48.

49,

YABE ET AL.

Serafin, M.; Khateb, A.; de Waele, C.; Vidal, P, P.; Miihlethaler,
M. Low threshold calcium spikes in medial vestibular neurons in
vitro. A role in the generation of the quick phases in vivo? Exp.
Brain Res. 82:187-190; 1990.

Serafin, M.; Khateb, A.; de Waele, C.; Vidal, P. P.; Miihlethaler,
M. Medial vestibular nucleus in the guinea-pig. NMDA induced
oscillations. Exp. Brain Res. 88:187-192; 1992.

Serafin, M.; de Waele, C.; Khateb, A.; Vidal, P. P.; Miihlethaler,
M. Medial vestibular nucleus in the guinea-pig: I. Intrinsic mem-
brane properties in brainstem slices. Exp. Brain Res. 84:417-425;
1991.

Serafin, M.; de Waele, C.; Khateb, A.; Vidal, P. P.; Miihlethaler,
M. Medial vestibular nucleus in the guinea-pig: 1. lonic basis of
the intrinsic membrane properties in brainstem slices. Exp. Brain
Res. 84:426-433; 1991.

Serafin, M.; Khateb, A.; Vibert, N.; Vidal, P. P.; Mihlethaler,
M. Medial vestibular nucleus in the guinea-pig. Histaminergic
receptors. I. An in vitro study. Exp. Brain Res. (in press).
Shimazu, H.; Precht, W. Tonic and kinetic responses of cat’s
vestibular neurons to horizontal angular acceleration. J. Neuro-
physiol. 28:989-1013; 1965.

Smith, P. F.; Curthoys, I. S. Neuronal activity in the contralat-
eral medial vestibular nucleus of the guinea-pig following unilat-
eral labyrinthectomy. Brain Res. 444:295-307; 1988.

Smith, P. F.; Curthoys, I. S. Neuronal activity in the ipsilateral
medial vestibular nucleus of the guinea-pig following unilateral
labyrinthectomy. Brain Res. 444:308-319; 1988.

Smith, P. F.; Curthoys, I. S. Mechanisms of recovery following
unilateral labyrinthectomy: A review. Brain Res. 14:155-180;
1989,

Smith, P. F.; Darlington, C. L. The NMDA antagonists MK 801
and CPP disrupt compensation for unilateral labyrinthectomy in
the guinea-pig. Neurosci. Lett. 94:309-313; 1988.

. Smith, P. F.; Darlington, C. L.; Curthoys, I. S. Vestibular com-

pensation without brainstem commissures in the guinea-pig. Neu-
rosci. Lett. 65:209-212; 1986.

Smith, P. F.; Darlington, C. L.; Curthoys, 1. S. The effect of
visual deprivation on vestibular compensation in the guinea-pig.
Brain Res. 364:195-198; 1986.

Taylor, J. E. Binding of neuromediators to their receptors in rat
brain. Effects of chronic administration of Ginkgo biloba ex-
tracts. In: Funfgeld, E. W., ed. Recent results in pharmacology
and clinic. Berlin: Springer-Verlag; 1988:103-108.

Vidal, P. P.; Graf, W.; Berthoz, A. The orientation of the cervi-
cal column in unrestrained awake animals. 1. Resting position.
Exp. Brain Res. 61:549-559; 1986.

. de Waele, C.; Graf, W.; Josset, P.; Vidal, P. P. A radiological

analysis of the postural syndromes following hemilabyrinthec-
tomy and selective canal and otolith lesions in the guinea-pig.
Exp. Brain Res. 77:166-182; 1989.

de Waele, C.; Serafin, M.; Miihlethaler, M.; Vidal, P. P. Vestibu-
lar compensation: An in vivo and in vitro study of second order
vestibular neurons. Soc. Neurosci. Abstr. 18:137; 1988.

. de Waele, C.; Serafin, M.; Miihlethaler, M.; Vidal, P. P. Neu-

rochimie de la compensation vestibulaire. Revue d’Oto-Neuro-
Ophtalmologie 3-4:71-76; 1989.

de Waele, C.; Vibert, N.; Baudrimont, M., Vidal, P. P. NMDA
receptors contribute to the resting discharge of vestibular neurons
in the normal and hemilabyrinthectomized guinea-pig. Exp. Brain
Res. 81:125-133; 1990.

Xerri, C.; Gianni, S.; Manzoni, D.; Pompeiano, O. Central com-
pensation of vestibular deficits. I. Response characteristics of lat-
eral vestibular neurons to roll tilt after ipsilateral labyrinth deaf-
ferentiation. J. Neurophysiol. 50:428-448; 1983.

Yabe, T.; de Waele, C.; Serafin, M.; Arrang, J. M.; Miihlethaler,
M.; Vidal, P. P. Medial vestibular nucleus in the guinea pig:
Histaminergic receptors. II. An in vivo study. Exp. Brain Res.
(in press).



