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Abstract

Extracts from leaves of Ginkgo biloba L. are among the most used herbal medicinal products
worldwide. Based on in-vitro tests and studies in rats, concern has been expressed that intake of
Ginkgo extracts may affect hepatic metabolism of xenobiotics and cause drug interactions, although
no evidence for modulation of cytochrome P450 (CYP450) enzyme activity was obtained in human
trials. Because of these contradictory findings, we investigated the effects of the standardised
extract EGb 761 on hepatic CYP450 in rats. EGb 761 (100mgkg ™' daily, p.o., for 4 days) strongly
increased liver CYP450 content and altered the ex-vivo biotransformation of androstendione, as well
as metabolism of endogenous steroids. However, in human subjects no effect on the urinary steroid
profile was observed after intake of EGb 761 for 28 days (240 mg daily). These results indicate that
the effects of EGb 761 on drug metabolising enzymes are specific for rats and may not be extra-
polated to man.

Introduction

Extracts from the leaves of Ginkgo biloba L. are among the most used herbal remedies
world-wide. They are mainly utilised for the treatment of vascular and cognitive
disorders, such as Alzheimer’s disease, vascular dementia and peripheral arterial
occlusive disease. A standardised product, termed EGb 761, is the pharmacologically,
toxicologically and clinically most well studied Ginkgo extract. Results of numerous
studies in experimental animals, controlled clinical trials and postmarketing surveil-
lance data justify its medicinal use and reveal that it is a well tolerated remedy with an
extremely wide safety margin (DeFeudis 1998). However, in recent years concern has
been expressed that intake of Ginkgo extracts may affect hepatic drug metabolising
enzyme systems and interfere with the biotransformation of co-medication. Inhibition
of activity of rat and human cytochrome P450 (CYP) isoenzymes by different Ginkgo
extracts has repeatedly been reported (Budzinski etal 2000; Mohutsky & Elmer 2000;
Umegaki etal 2002; Zou etal 2002; Gaudineau etal 2004; von Moltke etal 2004).
Besides inhibition of enzyme activity in-vitro, a transient decrease of CYP3A-mediated
metabolism of diltiazem has been observed following a single oral or intravenous
application of a Ginkgo extract in rats (Ohnishi etal 2003). However, after daily
treatment of rats for periods between 5 days and 4 weeks the mRNA and protein
content, as well as activity of various CYP isoenzymes, in the liver was increased
(Shinozuka etal 2002; Umegaki etal 2002; Yang etal 2003). Due to enhanced meta-
bolism, the hypotensive effect of nicardipine and the hypnotic action of phenobarbital
were attenuated after co-administration with a Ginkgo extract (Shinozuka etal 2002;
Kubuto et al 2004). These later observations indicate that during chronic exposure, the
expression of CYP enzymes is enhanced in a compensatory manner.

Indeed, observations made during safety and chronic toxicity studies with EGb 761
in the mid 1980s revealed that daily oral application of the extract at a dose of
100mgkg " to rats for 3 or 4 days consistently increased antipyrine clearance.
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However, a subsequent study in human subjects, con-
ducted to assess the potential therapeutic relevance of
these preclinical findings, did not demonstrate any change
in the elimination half-life of antipyrine after intake of
400mg EGb 761 for 13 days (Duche etal 1989).
Similarly, oral administration of EGb 761 twice a day at
a dose of 120mg for 14 days had no effect on the meta-
bolism of dextromethorphan, a probe substrate for
CYP2D6, when compared with baseline (Markowitz et al
2002). This observation was recently confirmed with
respect to CYP2D6, although a slight reduction of the
Cmax value for alprazolam, a substrate for CYP3A4,
was obtained in this study. However, as the half-life of
alprazolam elimination was not significantly different
after EGb 761, the authors exclude a hepatic CYP3A4
induction (Markowitz etal 2003). In a further study in
man, modulation of CYP enzyme activity was investigated
after intake of a Ginkgo extract (240 mg daily) for 28 days.
Using a probe-drug cocktail for CYP3A4, CYP1A2,
CYP2El and CYP2D6, no effect of the extract was
detected (Gurley et al 2002). Likewise, in a double-blind,
crossover study with a group of middle-aged outpatients
on stable long-term warfarin treatment, intake of a Ginkgo
extract (100mg) for four weeks did not influence blood
coagulation parameters (Engelsen et al 2002).

It is now well recognised that several CYP isoenzymes
play a pivotal role in the biosynthesis and oxidative meta-
bolism of steroid hormones (Lee etal 2001; Dubey etal
2004), and that inappropriate modulation of their activity
can have toxicological consequences (Omiecinski etal
1999). Previously it has been reported that Ginkgo extracts
can have modulating effects on steroid metabolism (Amri
etal 1996). Therefore, the rat experiments described in this
communication were conducted to evaluate potential
effects of EGb 761 on steroid metabolism and excretion.
Results of these experiments reveal that the extract not
only induces hepatic CYP content but also alters the ex-
vivo biotransformation of androstendione, and the urin-
ary steroid profile of male, as well as female, rats.
Consequently, a study in human subjects was initiated to
evaluate the potential therapeutic relevance of these find-
ings. To this end, the urinary steroid profiles were ana-
lysed before and after 28 days intake of EGb 761 at a daily
dose of 240 mg.

Materials and Methods

Ginkgo biloba extract EGb 761

The standardised Ginkgo biloba extract EGb 761,
which contains 22-27% flavonol glycosides, 5-7%
terpene trilactones and <5ppm ginkgolic acids, was
obtained from the manufacturer (Dr Willmar Schwabe
GmbH & Co. KG, Karlsruhe, Germany) and was of
the same quality as the extract used in clinical trials
and contained in commercialised products (e.g.,
Tebonin forte). For animal experiments, it was sus-
pended in agar (0.2%) and was administered orally in
a volume of 10mLkg~'. The placebo and EGb 761

tablets used in the study in human subjects were pre-
pared by the Department of Galenical Development of
Dr Willmar Schwabe GmbH & Co. KG. All other
reagents and chemicals used were purchased from
appropriate commercial suppliers and were of highest
purity available.

Evaluation of hepatic enzyme induction

Experimental animals

Male and female Sprague-Dawley rats (Janvier Le Genest,
St Isle, France) were maintained under standardised envir-
onmental conditions (ambient temperature 214 1°C,
relative humidity 50-60%, 12-h light—dark cycle) for at
least 14 days before starting an experiment. They were
housed in macrolon cages and had free access to food
(Altromin, Lage, Germany) and tap water. All experi-
ments were conducted in accordance with German animal
welfare laws and were approved by a regional ethical
committee.

Microsomal enzyme induction

Male rats, 205-215g, were used in this experiment with
4 rats in each group. The rats in the first group served as
controls and were treated orally by gavage with the vehicle
(0.2% agar) once daily for three consecutive days. The
other three groups were similarly treated with EGb 761
(100mgkg~" daily), methylcholanthrene (80mgkg '
daily) or phenobarbital (100 mgkg ' daily). On the fourth
day (i.e., 24 h after the last treatment) the rats were sacri-
ficed and microsomes were prepared from the livers
according to the method described by Lake (1987) with
minor modifications. In short, the livers of the CO5-anaes-
thetised rats were perfused in-situ via the portal vein with
cold (4°C) saline. The livers were then weighed and homoge-
nised (Potter; teflon pestle; 10 strokes) in cold (4°C) sodium
phosphate buffer (20 mm, pH 7.4) containing 1.15% KCI. The
homogenates were centrifuged (4°C) at 9000 g for 20 min
and the resultant supernatant was recentrifuged (4°C,
40000 g, 60 min). Microsomal pellets obtained after the last
centrifugation were stored until analysis (suspended in 0.1 M
sodium phosphate buffer) at —80°C. All analyses were com-
pleted within 8 weeks after preparation. The following para-
meters were quantified according to published methods:
protein (Lowry etal 1951), cytochrome P450 (Schenkman
& Jansson 1998), cytochrome b5 (Lake 1987), 7-ethoxy-
coumarin-O-deethylase (ECOD; Waxman & Chang 1998),
7-methoxyresorufin-O-demethylase (MROD; Kennedy &
Stephanie 1994), 7-ethoxyresorufin-O-deethylase (EROD;
Kennedy & Stephanie 1994), 7-pentoxyresorufin-O-deethy-
lase (PROD; Kennedy & Stephanie 1994) and 7-benzyloxy-
resorufin-O-dealkylase (BROD; Kennedy & Stephanie 1994).

Steroid metabolism in microsomes

Preparation of microsomes

The effects of four daily doses of EGb 761 (100mgkg ™"
daily, p.o.) on microsomal androstendione metabolism
(ex-vivo) were compared with those of a similar treat-
ment with vehicle only (0.2% agar, 10mLkg™"). For



these experiments, two groups of 10 male rats, 240-270 g,
were used and the microsomes were prepared on day
5 (i.e., 24h after the last administration) as described
above.

Incubation with [4-'*C ]-4-androsten,3,17-dione

The incubation medium (1.2mL) contained an NADPH
regenerating system in Tris-HCI buffer (50 mm, pH 7.8,
37°C) and androstendione (200 um spiked with 4-'C-
labelled molecule). The NADPH regenerating system con-
sisted of (in mm): NADP-Na [; glucose-6-phosphate 6.7,
glucose-6-phosphate dehydrogenase 1 Unit and MgSO, 6.7.
The reaction was started by adding an appropriate dilution
of microsomes (final CYP concentration 0.3 um). After
incubation for 10 min the reaction was stopped by adding
50% trichloroacetic acid and the tubes were centrifuged to
obtain a clear supernatant. The supernatant was directly
injected for reversed-phase HPLC analysis. The metabolites
were separated on a LiChrocart C18; 125 x 4mm, 5pum
column (Merck, Darmstadt, Germany) using a 20-70%
gradient (during 60 min) of acetonitrile containing 85%
H3sPO, 3mLL™") in water acidified with 85% H;PO,
(3mLL™"). For detection and quantification, a radioactiv-
ity detector (LP 506C; Berthold, Wildbad, Germany)
equipped with a YG cell was used.

Steroid metabolism and excretion experiments

Collection of urine from EGb 761-treated rats

The effect of three daily doses of EGb 761 (100 mgkg
daily, p.o.) on urinary steroid profiles of male and female
rats was compared with that of vehicle (0.2% agar suspen-
sion, 10mLkg ' daily). Each experimental group con-
sisted of 6 rats. Immediately after the treatment on days
1-3, the rats were individually placed in metabolic cages
for urine collection. After 8 h of urine collection, the rats
were returned to their home cages and supplied with food
and water. On the fourth day, the rats were killed and
their livers were removed and weighed. All urine samples
were kept frozen (—20°C) until analysis.

Collection of urine samples from human subjects
Human urine samples were collected during a rando-
mised double blind, parallel group, placebo-controlled
clinical study with EGb 761 (Cieza etal 2003). This
study complied with the principles of the Declaration
of Helsinki and was approved by an ethical committee.
All participants gave their informed consent. Urine
samples from 31 placebo- and 34 EGb 761-treated
healthy subjects (age 50-65 years) were available for
analysis. EGb 761 was administered at a dose of
240mg daily (in two equally divided daily doses) for
28 days. Urine samples (24 h) were collected twice, the
first one the day before the start of treatment (day 0)
and the second one on day 28, the ultimate day of the
treatment. The urine samples were frozen (—20°C) until
steroid profiling was done. Results of this study were
not known to the analyst until the steroid profiling
data were finally available.
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Steroid profile in urine samples

The standard chromatographic technique (Schmidt etal
1985; Weykamp etal 1989) developed in Dr Weykamp’s
laboratory for steroid profiling in human urine was used
for the human study as well as for the rat experiment.
The following steroids were quantified in all samples:
androsterone (A); etiocholanolone (E); dehydroepiandro-
sterone (DHEA); 11-keto-androsterone (11-KA); 11-keto-
etiocholanolone (11-KE); 11-OH-androsterone (OHA);
11-OH-etiocholanolone (OHE), pregnantriol (P3); 11-deoxy-
tetrahydrocortisone (THS), tetrahydrocortisone (THE),
tetrahydrocortisol (THF) and allo-tetrahydrocortisol
(aTHF). Unknown peaks in chromatograms were charac-
terised by retention time and peak height.

Statistical methods

All results are given as mean =+ standard deviation (s.d.).
As indicated in the table and figure legends, for statistical
analysis of data we used the z-test (paired or unpaired) or
one-way analysis of variance followed by a Tukey’s multi-
ple comparison test as appropriate (GraphPad Prism 3.00;
GraphPad Software, San Diego, CA). Generally, a value
of P < 0.05 was considered as proof of statistical signifi-
cance.

Results

Microsomal CYP induction

Preliminary dose finding studies indicated that
100mgkg ' EGb 761 or phenobarbital administered for
3 consecutive days could be high enough doses sufficient
for quantifying their CYP-inducing effects in rats, and
that for similar purposes 80 mgkg ' methylcholanthrene
daily would be appropriate. The minimum CYP-inducing
dose of EGb 761 suggested by these efforts was about
50mgkg~! daily. As 100mgkg™" of the extract is often
used in pharmacological studies and is close to the equiva-
lent human therapeutic dose, this dosage was considered
appropriate for this investigation.

It was the aim of this study to characterise the activity
profile of CYP enzymes in the hepatic microsomes from
EGDb 761-treated rats and compare them with those from
vehicle-, phenobarbital- or methylcholanthrene-treated
rats. The body weights and other parameters quantified
in this experiment are summarised in Tables 1 and 2.
These results confirm that EGb 761 induces hepatic
microsomal CYP and that 100mgkg™' of the extract
administered daily for only 3 days drastically altered
the metabolic activity of liver tissue in rats. However, it
must be noted that all three treatments induced an indi-
vidual pattern of changes (Table 2). These observations
reveal that EGb 761 is not a methylcholanthrene-like
agent and that despite certain commonality with pheno-
barbital, the hepatic-enzyme-inducing activity profile of
the extract is also not identical to that of this widely used
anticonvulsant.
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Table 1 Body weight, liver weight and protein content in liver homogenates of rats treated for three days with vehicle, EGb 761,

methylcholanthrene or phenobarbital

Group Dose (mg kg_') Body weight (g) Liver (g) Protein (mg (g liver)™)
Control — 230.5+4.2 10.1£1.2 165.6 £11.6

EGb 761 100 231.54+12.8 11.24+0.9 158.8+£29.2
Methylcholanthrene 80 217.3+8.4 10.1£1.8 162.1 £24.9
Phenobarbital 100 221.3+13.0 13.0£0.8%* 156.9 + 8.8

The values are means +s.d. of 4 rats used in each group. *P < 0.05 compared with the control and methylcholanthrene group (one-way

analysis of variance followed by Tukey’s multiple comparison test).

Table 2 CYP-related enzyme activity and other parameters quantified in hepatic microsome of rats treated orally for three consecutive days
with vehicle (0.2% agar, 10mLkg™" daily), EGb 761 (100mgkg™"' daily), methylcholanthrene (80mgkg™' daily) or phenobarbital

(100mgkg "' daily)

Parameter Control EGb 761 Methylcholanthrene Phenobarbital
A B A B A B A B

Protein 17.8+28 — 20.1+£2.9 — 19.3+2.4 — 20.0+4.6 —

(ug (g liver)™")
CYP (nmol 698 £ 15 — 965+ 124 913+34 — 1153 £362°% —

(mg protein) ")
Cytochrome b5 27717 397+30 30114 314+27 343 £20* 376 +£24 313+42 290 +83*
ECOD 1142+ 118  1637+£169 2569+314  2667+138 4029292 4420+ 398" 3664 +£2008" 2970 £ 978¢
MROD 453+1.7 649+1.8 48.1+£9.7 49.6+5.1 91.4+£2.0™° 100.2+4.6° 419+79° 41.9+24.8°
EROD 403+£11.8 579+179 46.6+£79 48.0+3.0 22644+1.2%° 2482+£84%°  493+6.7° 454 +£12.0°
BROD 12.6+8.3 18.0+11.6 66.0+£11.5% 68.6+10.6" 21.5+2.1 23.542.0° 68.5+41.1%°  54.1+30.6
PROD 12.3+4.1 17.7+£5.9 254+1.3" 26.7+4.1° 209+2.4 22.8+1.8 23.7+8.9" 20.1+3.1

The values are means & s.d. of 4 rats used in each group. Enzyme activity given in column A represents pmol (mg protein)~', whereas that in
column B is pmol (umol CYP)™!. *P < 0.05 compared with the control group; °P < 0.05 compared with the EGb 761 group; °P < 0.05
compared with the methylcholanthrene group (one-way analysis of variance followed by Tukey’s multiple comparison test).

Steroid metabolism in hepatic microsomes

It is well established that regio- and stereospecific
hydroxylation of steroidal molecules provides a sensitive
indicator for specific CYP isoenzymes (Wood etal 1983;
Van der Hoeven 1984; Khatsenko etal 1990; Jansen &
Fluiter 1992; Lee etal 2003) and the usefulness of andro-
stendione as a substrate for rat liver microsomal studies
has also been reported (Khatsenko etal 1990).

Incubation of microsomes from control rats with andro-
stendione for 10 min always gave rise to 6 major metabolites
and the same was also the case with microsomes from rats
treated with EGb 761. Although the mean amount of andro-
stendione metabolised in the EGb 761-treated group was
somewhat lower (45.0%; range 24.3-69.4%) than that in the
control group (50.5%; range 29.8-78.9%) this difference was
not statistically significant. The pattern of metabolites
observed with the microsomes of the two groups of rats were,
however, not identical (Table 3). Quantitatively, the sequence
of metabolites observed in EGb 76l1-treated rats was
A>B>F>others>C=D=E, whereas for the control
group this sequence was F>B>others>A>C>D=E.
In addition, the mean value for metabolite A in the EGb

761 group was significantly higher and those for C, D, E and
F in this group were significantly lower than the correspond-
ing values in the control group. Since the concentration of
CYP was the same in all incubations, these results indicate
that EGb 761 treatment activates or induces some andro-
stendione metabolising enzymes in the liver and at the same
time inhibits or reduces the activity of others.

Urinary excretion experiments

Although we have not yet been successful in identifying
the microsomal steroid metabolising enzymes poten-
tially modulated by EGb 761, results of ongoing stu-
dies strongly suggested that its modulating effects on
steroid metabolism in male and female rats are not
identical. Consequently, in the following experiments
the effects of the extract were studied in male as well
as female animals.

Urinary steroid profile in rats
Since the chromatographic system used to quantify urin-
ary steroid profiles in rats was not specifically developed
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Table 3 Effect of EGb 761 treatment on liver microsomal *C-androstendione metabolism in rats

Metabolites Control EGb 761
Relative area (%) % of all metabolites Relative area (%) % of all metabolites
A 53416 11.0+2.8 15.0 £ 5.74%# 33.1 7.0
B 10.8+£4.1 233+11.1 143+6.4 312452
C 49+3.1 8.9+3.1 2.3+1.4% 4.8 +1.4%
D 34422 63+2.4 20+1.2 4.1+1.2%
E 29+0.6 6.5+3.1 1.7 +0.47## 4.0+1.5"
F 154+7.2 30.4+10.5 5.4 4 2.0 14.2 £8.5"
Others 77453 13.6+7.5 43+32 8.6+4.5
Androstendione metabolised (%) 50.5+15.0 45.0+£15.2

See text for details. The metabolites A, B, C, D, E and F are defined by their retention times in HPLC corresponding to 15.4, 17.1, 21.4, 22.2,
28.4 and 36.4 min, respectively. Others represent the sum of all other metabolites in the chromatogram. Given are the means +s.d. for 10 rats
per group. ¥P<0.05, 7P <0.01, ##P<0.001, compared with the corresponding control value (unpaired ¢-test).

for studies in this species, only some major steroidal
metabolites could be reliably quantified in this experi-
ment. As can be seen from the data summarised in
Table 4A, the major quantifiable steroid excreted in male
control rats was 11-KA. The level of this steroid in urine
samples from EGDb 761-treated male rats was below the
detection level on all three days. Contrarily, the urinary
level of DHEA was below the detection level for control
male rats on all three days, but they were significantly
elevated after EGb 761 treatment, as was the case for
the, as yet undefined, steroidal molecule with an RRT of
2.23min. Since this steroidal metabolite has not been
detected in any, later analysed, male or female human
urinary samples, it seems to be a steroidal metabolic pro-
duct normally excreted by female rats only. As is apparent
from Table 4B, excretion of this as yet undefined molecule
increases drastically in female rats after EGb 761 treat-
ment, and is one of the quantitatively major steroidal
metabolites in female rats. All other steroidal molecules
quantified in female rat urine were reduced after EGb 761

treatment. Here, again, all observed effects of the extract
treatment were apparent already after the first applica-
tion. Therefore, it appears that not all effects of the extract
on rat steroid metabolism are necessarily due to its micro-
somal drug-metabolising enzyme-inducing activity alone,
and that the reported inhibitory action of EGb 761 on
some of these enzymes could also be involved in its
observed effects. In any case, these observations clearly
suggest that the urinary steroid profile could be a conve-
nient index for judging potential modulating effects of
EGb 761 on steroid hormone metabolism or on their
circulating levels.

Urinary steroid profile in human subjects

Mean age, body weight, 24-h urinary volume and creati-
nine excretion rates in samples collected from the subjects
before and after treatment with EGb 761 or placebo are
shown in Table 5. It should be noted that values from only
22 males and 33 females are included. Although a total of
65 subjects took part in this study, urine samples from 5 of

Table 4A Effect of EGb 761 on urinary steroid excretion in male rats
Day  Group Body weight (g)  Liver weight (g)  Urine volume (mL) DHEA 11-KA Unknown (RRT 2.23 min)
1 Control 2378 +4.4 — 5740.8 0 0.074+0.05 0
EGb 761  236.3+5.1 6.0+1.3 0.10 4+ 0.00%##  o### 3.48 £ 1.14%##
2 Control 246.5+5.2 — 6.0+18 0 0.10+£0.00 0
EGb 761 242.8+3.1 6.3+0.8 0.07 +0.05% o 3.98 +3.26"
3 Control 256.0+1.3 — 72424 0 0.054+0.05 0
EGb 761  253.8+4.9 5.740.5 0.08 +0.04%## o 4.68 +3.12%#
4 Control 263.7+4.1 12.14+0.7 — — — —
EGb 761  263.5+5.5 12.7+0.7

DHEA, dehydroepiandrosterone; 11-KA, 11-keto-androsterone. All values are means +s.d. (6 rats per group) and are expressed as pmol
(mmol creatinine)”!. Values of 0 indicate that most values in these groups were below the detection level. The levels of all other steroid
molecules quantifiable by the applied method were below the detection levels. In addition, the body and liver weights of the rats and the urine
volumes collected on days 1, 2 and 3 during 8 h after treatment are given. *P <0.05, **P <0.01, ## P <0.001, compared with the corresponding

value of the control group (unpaired r-test).
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Table 4B Effect of EGb 761 on urinary steroid excretion in female rats

Day Group Body weight (g) Liver weight (g) Urine volume (mL) 11-KA 11-KE 11-OHA Unknown (RRT 2.23 min)
1 Control 210.7+8.7 — 6.8+18 0.15+£0.08  0.08+0.05 0.15+0.05 0.13+0.22
EGb 761 208.8+5.6 43+ 147 0.10 £ 0.00%## *## 0.07£0.05% 6.98 +4.26"
2 Control 212.54+10.7 — 6.7+15 0.17+£0.05  0.08+0.04 0.15+0.05 0.18+0.22
EGb 761 208.7+5.4 52+1.3 0.08 £0.04% 0% 0.05+0.05" 5.5741.59%#
3 Control 215.7+9.0 — 6.5+1.4 0.12+£0.08  0.07+0.05 0.12+0.04 0.18+0.13
EGb 761 214.0+6.6 5.0+1.1 0.05+0.05 0% 0.05+0.05% 6.42+5.10%
4  Control 218.2+10.3 9.8+1.0 — — — —
EGb 761 217.847.0 9.54+0.8

11-KA, 11-keto-androsterone; 11-KE, 11-keto-etiocholanolone; 11-OHA, 11-OH-androsterone. All values are means =+ s.d. (6 rats per group)
and are expressed as mol (mmol creatinine) . Values of 0 indicate that most values in these groups were below the detection level. The levels
of all other steroid molecules quantifiable by the applied method were below the detection levels. In addition, the body and liver weights of the
rats and the urine volumes collected on days 1, 2 and 3 during 8 h after treatment are given. P < 0.05, #P < 0.01, ##P < 0.001 compared
with the corresponding value of the control group (unpaired z-test).

Table5 Age, body weight, 24-h urinary volume and creatinine excretion in human subjects treated with placebo or EGb 761 for 28 days at a

dose of 240 mg daily

Parameter Placebo EGb 761
Female (n=14) Male (n=12) Female (n=19) Male (n=10)
Day 0 Day 28 Day 0 Day 28 Day 0 Day 28 Day 0 Day 28
Age (years) 56.3+3.5 57.6+3.1 56.7+3.7 55.3+4.0
Body 59.345.7 80.345.7° 65.9410.6 78.249.5°
weight (kg)
Urine 2138.94+709.1 1815.0+741.0 2166.7 +930.4 2067.5+1009.1 2088.4+717.9 1890.0 & 570.9 2093.0 +702.0 1844.0 + 842.8"
volume (mL)
Creatinine 8.5+£2.0 6.9+2.0° 127+32°  11.742.1° 79423 78419 13.8+4.1°  11.6+3.0°
(mmol/24 h)

Values are means+s.d. *P < 0.05 compared with the corresponding value on day 0 (paired t-test); ®P < 0.05 compared with the

corresponding value in female subjects (unpaired ¢-test).

them were not properly collected, stored or transported.
Creatinine excretion values, calculated by the Cockorft—
Gault equation (Pugia etal 1998), for 5 other subjects
were not within £70% of the expected values for healthy
subjects. These subjects with abnormal creatinine clearance
were evenly distributed in the four groups completing the
study. Thus, abnormal creatinine clearance was detected in
1 male and 2 females in the placebo group and 1 male and
female each in the EGb 761 group. As it was our aim to
evaluate potential effects of EGb 761 on urinary steroid
excretion pattern only, data generated for these few sub-
jects were not used for final statistical analysis.

Values summarised in Figure 1A and 1B clearly
demonstrate differences in the urinary excretion pattern
of males and females. Not only creatinine excretion rates
were lower in females, but also those of A, P3, aTHF and
OHE were significantly different between males and
females. The last named value was higher for females
whereas the others were higher in males. These observa-
tions demonstrate the validity of the method used for our

purposes, and reconfirm the well-known differences in
urinary steroid excretion profiles of male and female
healthy persons (Shamim et al 2000).

Similar gender-dependent differences in urinary excre-
tion patterns persisted on day 28 in both placebo- and
EGb 76l1-treated groups, but statistically significant
effects of the treatment on excretion rates of any quanti-
fied steroidal molecule were not detected, although on day
0 for A and THE a significant difference between placebo
and EGb 761 male subjects was observed.

Discussion

Long-term clinical use and extensive pre-clinical studies
indicate that the standardised Ginkgo extract EGb 761 is
an extremely well tolerated herbal remedy (DeFeudis
1998). However, due to a PAF-antagonistic effect of
Ginkgo extracts or their observed hepatic CYP function
modulating effects in rats, concern has been expressed that
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Figure 1 Urinary steroid excretion pattern (mean +s.d.) in female (A) and male (B) subjects treated with placebo or EGb 761 for 28 days at
a dose of 240 mg daily for 28 days. All steroid metabolite values are given as pmol (mmol creatinine) ' excreted in 24 h. Further details on the

subjects are given in Table 5. #P <0.05 compared with the corresponding value in placebo-treated subjects (unpaired r-test).
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their concomitant use may alter bioavailability of other
co-administered drugs. Although during recent years
several cases of haemorrhage have been reported to
occur in coincidence with the use of Ginkgo extract-
based products, a clear causality between extract intake
and drug-drug interactions could not be established
(Juretzek et al 2002). Likewise, a number of human studies
found no evidence for interference of orally administered
Ginkgo extracts with the activity of hepatic drug metabo-
lising enzymes. Thus, after intake of 400 mg EGb 761 for
13 days no change in the elimination half-life of antipyr-
ine, which involves several CYP isoenzymes, was observed
in human subjects (Duche etal 1989). In another human
study, no modulation of CYP3A4, CYP1A2, CYP2EI or
CYP2D6 enzyme activity was detected after intake of a
Ginkgo extract (240 mg daily) for 28 days (Gurley etal
2002). Similarly, in a double-blind, crossover study with
a group of middle-aged patients on stable long-term war-
farin treatment, intake of a Ginkgo extract (100 mg) for
four weeks did not influence INR values (Engelsen et al
2002). Finally, using dextromethorphan and alprazolam
as probes for CYP2D6 and CYP34A, respectively, no
evidence for alteration in the metabolism of co-adminis-
tered medications primarily depending on these two path-
ways for elimination was obtained in a study with 12
healthy subjects after intake of EGb 761 at a dose of
120mg twice daily for 14 days (Markowitz etal 2003).
Taken together, these observations strongly suggest that
even higher therapeutic doses of EGb 761 do not alter
hepatic CYP-dependent drug metabolising enzymes in
man. Our finding that the extract does not alter urinary
steroid profile in healthy subjects adds further circumstan-
tial evidence in support of this suggestion.

In striking contrast to the above-mentioned human
clinical studies, in-vitro inhibition of rat and human
CYP isoenzymes has been reported in several recent pub-
lications (Budzinski et al 2000; Mohutsky & Elmer 2000;
Umegaki etal 2002; Zou et al 2002; Gaudineau et al 2004,
von Moltke etal 2004). However, it should be mentioned
that the phytochemical composition of many of the
Ginkgo extracts used for these studies is not known or
has not been reported. In addition, investigations in-
vitro have many limitations as extract constituents intro-
duced into the system may not be bioavailable or may not
circulate as free parent compound after resorption.
Furthermore, plant extracts frequently contain com-
pounds, such as tannins, which unspecifically interact
with proteins.

In several rat studies, an increased hepatic content of
mRNA and protein, as well as activity of various CYP
isoenzymes, has been observed (Shinozuka etal 2002;
Umegaki etal 2002; Yang etal 2003; Kubuto etal 2004).
Similarly, our studies reveal that daily administration of
EGb 761 at a dose of 100mgkg ' for only 3 days is
sufficient to drastically alter the metabolic activity of
liver tissue of treated rats. The hepatic-enzyme-inducing
activity profile of the extract was found to be similar, but
not identical, to that of the anticonvulsant phenobarbital,
which primarily induces CYP2B. These observations are
in agreement with findings of other groups (Umegaki et al

2002; Kubuto etal 2004). In addition, and unlike in
human subjects, the urinary steroid profile was drastically
altered in rats after EGb 761 treatment (Table 4A, B). At
present, definitive interpretation of this effect of the
extract in terms of its modulating potential on drug-
metabolising enzymes is difficult. However, it can not be
ignored that its inducing effect on rat hepatic microsomal
CYP has consistently been observed, and that steroid
metabolism is regulated by several CYP isoenzymes.
This study demonstrates, indeed, that the extract causes
drastic changes in the microsomal metabolic profile of a
steroidal molecule, androstenedione, too (see Table 3).
Therefore, it seems reasonable to assume that modulating
effects of EGb 761 on rat microsomal enzymes are
involved in its observed effects on urinary steroid profile.
It must also be noted that EGb 761 not only induced
certain, as yet undefined, CYP isoenzymes, but also
decreased the formation of some androstendione metabo-
lites in the ex-vivo experiment. In addition, a reduced level
of certain excreted steroidal molecules in the urine of EGb
761-treated rats was observed. Thus, it seems certain that
after repeated daily doses, the activity of certain steroid-
metabolising enzymes is reduced and that of some others
is simultaneously induced. Reported inhibitory effects of
Ginkgo extracts on several CYP isoenzymes, and our
observations that the urinary steroid profile is altered
even after a single dose of EGb 761, are in agreement
with this conclusion.

The experiments described in this communication con-
stitute part of an ongoing project, the ultimate goal of
which is to test the therapeutic relevance of pharmacolo-
gical and toxicological observations made with EGb 761
in rats as experimental animals. The medicinal uses of this
extract became known to the western world only as a
consequence of therapeutic observations made initially
during the 1970s (DeFeudis 2003). Since then, the results
of many controlled clinical trials and post-marketing sur-
veillance data have not only reconfirmed the initial thera-
peutic observations, but also have indicated diverse other
therapeutic possibilities offered by this standardised
extract. However, many current suggestions on its
mode(s) of action are often based on observations made
in rat experiments conducted after higher oral doses of the
extract only. Taken together, the results of the experi-
ments described in this communication strongly suggest
that extrapolation of pre-clinical pharmacological, as well
as toxicological, observations made with the extract in rats
must be made with caution.

Conclusion

These findings not only indicate that the extrapolation
of pharmacological data generated with Ginkgo extracts
in rats to the therapeutic situation in patients is limited
but also question the validity of toxicological data gen-
erated in this species for evaluation of its human toxico-
logical potential. In view of the fact that after
100mgkg ! EGb 761 daily, at least two parameters of
toxicological relevance (i.e. hepatic enzyme induction



and metabolism of steroids) are reproducibly altered in
rats, we recommend that this species should not be used
for evaluating drug interactions and health hazards of
Ginkgo extracts.
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