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Aucubin, a promising hepatoprotecting iridoid glucoside, was given
intravenously (iv), orally (po), intraperitoneally (ip), and hepatopor-
tally (pv) to rats. A linear pharmacokinetic behavior was obtained
after iv administration of 40400 mg/kg of aucubin. The half-life of
aucubin in the postdistributive phase (¢, 5), total-body plasma clear-
ance (CL,), and volume of distribution (Vd,,) were 42.5 min, 7.2
ml/min/kg, and 346.9 ml/kg, respectively, for a 40 mg/kg dose. There
was no significant difference in the parameters as a result of increas-
ing dose. The partition coefficients of aucubin between rn-octanol
and buffers of pH 3.0-10.0 were low, while 18.5 = 1.3% of aucubin
in whole blood partitioned into the blood cells. Plasma protein bind-
ing of aucubin was only 9%. The bioavailabilities of aucubin after
administration at a dose of 100 mg/kg through pv, ip, and po routes
were 83.5, 76.8, and 19.3%, respectively. The pH-stability profile
indicated rapid degradation of aucubin at pH 1.2, 1.6, and 2.0, with
degradation half-lives of 5.1, 5.8, and 14.8 hr, respectively, at 37°C.
Therefore, the tow oral bioavailability of aucubin may be attributed
to pH-instability in the gastric fluid, poor GI absorption due to low
lipophilicity, and the possible metabolism in the GI mucosa and liver
(so called first-pass effect).
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INTRODUCTION

Aucubin [1,4a,5,7a-tetrahydro-5-hydroxy-7-(hydroxy-
methyl) cyclopenta (c) pyran-1-yl-B-p-glucopyranoside] is a
common iridoid glucoside (Fig. 1) isolated from the leaves of
Aucuba japonica (Cornaceae) (1), Eucommia ulmoides (Eu-
commiaceae) (2), and Plantago asiatica (Plantaginaceae) (3)
etc., which are used in folk medicine and traditional Chinese
medicine.

Aucubin was found to protect against liver damage in-
duced by CCl, or a-amanitin in mice and rats when 80 mg/kg
was dosed intraperitoneally (4-7) and to inhibit the synthesis
of RN A and proteins in the liver of mice (8). It was known as
a synthetic intermediate of prostaglandin in the body (9-12).
Choleretic action was also reported (13). The aim of this
study was to characterize the pharmacokinetic behavior of
this compound. Plasma concentration profiles of aucubin af-
ter oral (po), hepatoportal (pv), intraperitoneal (ip), and in-
travenous (iv) administration were examined, and their ab-
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solute bioavailabilities were compared. Plasma protein bind-
ing and plasma-to-blood partition of aucubin were examined
in vitro. Important physicochemical properties such as pH-
stability and n-octanol/water partition coefficient of aucubin
were also assessed in this preformulation study of aucubin.

MATERIALS AND METHODS

Aucubin and Chemicals

Aucubin was isolated as white crystalline powder from
the leaves of Aucuba japonica (Cornaceae), which were col-
lected in a southern area of Korea, according to the method
of Trim and Hill (14) after minor modification as previously
described (15,16). The isolated aucubin was authenticated by
Natural Products Research Institute of Seoul National Uni-
versity. Methanol (HPLC grade) was purchased from Merck
(Darmstadt, FRG) and water (HPLC grade) was purchased
from Fischer Co. Solvents for HPLC were filtered through a
0.45-pm filter and throughly degassed in an ultrasonic bath
before use. All other reagents were analytical grade and used
without further purification.

Administration of Aucubin via Various Routes

Male Wistar rats weighing 230-280 g were used in all
experiments. The rats were fixed at supine position during the
experiment. Under light ether anesthesia, femoral arteries of
the rats were cannulated with polyethylene tubings (PE-50,
Intramedic, Clay Adams, USA) for blood sampling. Femoral
veins were also cannulated with PE-50 for iv administration
of aucubin. For pv administration of aucubin, the pyloric
vein was cannulated as follows: the abdomen was opened
through a midline incision and the tip of an injection needle
(25 gauge) attached to a PE-50 was inserted into the hepatic
portal vein and was fixed with surgical glue (Aron Alpha,
Sankyo Co., Tokyo). The needle was bent 120° for the con-
venience of insertion. This catheter was connected to a 1-ml
syringe and the dose of aucubin was given through the sy-
ringe into the portal vein. Oral administration was performed
by insertion a round-tip needle which was connected to a
1-ml syringe. Intraperitoneal administration was performed
with a 26-gauge needle.

After complete recovery (1 hr) from the anesthesia, au-
cubin was administered at the dose of 40, 50, 100, 200, and
400 mg/kg for intravenous (iv) study and 100 mg/kg for oral
(po), hepatoportal venous (pv), and intraperitoneal (ip)
study. Aucubin was dissolved in sterilized physiological sa-
line to yield appropriate concentrations. The administered
volume of aucubin solutions was 2 ml/kg. Blood samples
(0.15 ml) were collected into heparinized tubes from the fem-
oral artery via PE-50 catheter. The heparinization was con-
ducted by treating the tubes with 10 pl of heparinized saline
(150 IU/ml) and successive drying of the saline. Blood sam-
ples were withdrawn prior to administration and at 2, 3, 10,
20, 40, 60, 90, 120, 180, and 240 min postadministration for iv
and pv administration, and prior to administration and at 5,
15, 30, 45, 60, 90, 120, 180, and 240 min postadministration
for po and ip administration. Plasma samples were obtained
by centrifuging immediately the blood samples at 4000g for
10 min and stored at —20°C until analysis.
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Fig. 1. The chemical structure of aucubin.

HPLC Assay

A HPLC assay for aucubin in biological fluids was de-
veloped by modifying the reported HPLC methods (17-19)
for aucubin in nonbiological solutions. To 100 pl of plasma
samples, 30 ul of zinc sulfate solution (10%, w/v) and 70 pl
of methanol were added and mixed successively. Then the
mixture was centrifuged at 4000g for 10 min and 20 pl of the
supernatant was directly injected onto the guard column (Di-
rect Connect, Alltech-Applied Science) connected to a re-
versed-phase C18 column (10 pm, p-Bondapak, 30 cm X
0.39-cm 1.d., stainless steel, Waters, P/N 27324). The tem-
perature of the column was maintained at 45 = 1°C. The
pump and variable detector were from Spectraphysics (SP
8810, Precision Isocratic Pump) and Applied Biosystems
(757, Absorbance Detector), respectively. Aucubin was
monitored at 210 nm and the detection limit was 1.0 pg/ml.
The mobile phase was a 97:3 (v/v) mixture of deionized wa-
ter and methanol. The flow rate of the mobile phase was
adjusted to 1.0 ml/min. A typical chromatogram of aucubin
extracted from rat plasma after iv administration of 100
mg/kg dose is shown in Fig. 2. Aucubin was appropriately
separated from the other substances in the plasma with a
retention time of 15 min. The total run time per injection was
30 min to eliminate any possible interfering peaks. Recovery
of aucubin from the plasma samples was 86.0% in the con-
centration range of 10-500 pg/ml, and calibration curves
were linear in this concentration range. Intraday and inter-
day variations of the assay were below 4.2 and 6.0%, respec-
tively.

Pharmacokinetic Analysis

Total-body plasma clearance (CL,), distribution volume
at steady-state (Vd,,), and pharmacokinetic half-life (;,5)
were calculated using iv data as follows:
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Fig. 2. Typical chromatogram of the blank plasma (A) and aucubin
in the plasma after iv administration of 100 mg/kg (B). Arrow indi-
cates the peak of aucubin.
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CL; = dose/AUC 1)
Vd,, = dose AUMC/AUC? Q)
1,6 = 0.693/B 3)

where AUC, AUMC, and B are the area under the plasma
concentration—time curve, area under the moment of the
plasma concentration-time curve, and slope of the natural
log concentration—-time curve at postdistributive phase
(B-phase), respectively. AUC and AUMC of all administra-
tion routes were calculated by trapezoidal rule after fitting
the plasma concentration data to the conventional two-
compartment model using MULTI program (20). B was also
obtained by the fitting.

Fraction of aucubin transported (availability = 1 — ex-
traction ratio) across the liver (F3), GI mucosa (F,), and GI
lumen (Fs) were calculated from Egs. (4)—(6) (21,22) using
AUC data after various routes of administration. In this
model, aucubin was presumed not to be cleared in the lung
and not to be subject to enterohepatic recirculation, although
these assumptions were not tested.

AUCL/AUC;, = F3F4Fs “)
AUC,,/AUC;, = F; 3
AUCip/AUCiV = F3F4 (6)

Partition Coefficient

Buffers of pH 3.0, 4.0, 6.8, 8.4, and 10.0 were prepared
as described in USP XXII. The buffers and n-octanol were
presaturated with each other in amber-colored bottles for 24
hr. Ten milliliters of the n-octanol and the buffer solution
was mixed with 10 mg of aucubin in a screw-capped tube on
a shaking water bath at 25°C. Samples were taken at 2 hr
after the start of the shaking. Two hours was confirmed to be
enough to reach equilibrium of the partition. The water lay-
ers of the samples were analyzed for aucubin by HPLC.

Plasma-to-Blood Partition

All procedures were carried out immediately after blood
collection from the carotid artery. To 1.0 ml of whole blood
of rats, 10 pl of aucubin solution was added and mixed in the
heparinized Vacuject tubes (Green Cross Med. Co., Seoul,
Korea). The resultant concentrations of aucubin in the blood
were 25, 50, 100, and 250 pg/ml. The mixtures were incu-
bated at 37°C for 30 min. Plasma was separated by centri-
fuging the blood samples at 4000g for 10 min and analyzed
for aucubin by HPLC.

Plasma Protein Binding

Plasma was separated from blood, obtained through the
carotid artery, by centrifugation for 10 min at 4000g imme-
diately after the blood collection. The plasma free fraction of
aucubin was determined in vitro by equilibrium dialysis at
37°C for 8 hr using a Spectrapor-2 dialysis membrane (Spec-
trum Medical Industries, Inc., Los Angeles, CA: molecular
cutoff, 12,000-14,000) against Tris—HCI buffer (pH 7.4), con-
taining 10-1000 p.g/ml of aucubin. Twenty microliters of the
buffer was sampled and analyzed by HPLC. The protein
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binding of aucubin to plasma was unchanged between 8 and
12 hr of dialysis at 37°C.

Stability of Aucubin

Buffers of pH 1.2, 1.6, 2.0, 3.0, 4.0, 6.8, 8.4, and 10.0
were prepared as described in USP XXII. Aucubin solutions
(1 mg/ml) prepared in the respective buffers were maintained
at 37°C in a water bath. Samples were taken at various time
intervals for 6 hr and analyzed by HPLC. The log concen-
tration of aucubin versus time profile was plotted to deter-
mine the degradation rate constants at all pH values. The
pH-stability profile was constructed by plotting rate constant
versus pH. The stability of aucubin in fresh plasma (100 and
1000 pg/ml) was also examined at 37°C for 6 hr.

Statistical Analysis

The differences between the pharmacokinetic parame-
ters of aucubin after /v administration of various doses were
compared by ANOVA test at the P = 0.05 level.

RESULTS

Stability of Aucubin

The log aucubin concentration versus time profiles were
linear at all pH’s, indicating first-order degradation. Degra-
dation rate constants obtained from the slopes of the curves
were used to determine the half-lives at various pH’s (Table
I). The pH-stability profile of aucubin at 37°C is shown in
Fig. 3. The degradations were highly acid specific, and the
degradation half-lives were 5.02, 5.78, and 14.84 hr at pH
1.2, 1.6, and 2.0, respectively. At pH above 3.0, the degra-
dation of aucubin was negligible (e.g., the degradation half-
lives were more than several days). Aucubin was stable in
plasma for at least 6 hr at 37°C.

Partition Coefficient

Aucubin was readily dissolved in all buffers of various
pH’s (3.0-10.0). The concentration of aucubin in n-octanol
after partitioning from the respective buffers was below the
sensitivity of the assay (1 pg/ml), indicating extremely low
n-octanol/water partition coefficients. No degradation prod-

Table I. First-Order Degradation Half-life (1,,) of Aucubin at 37°C in
Buffers of Various pH’s

pH® 1, (hr), mean = SD®
1.2 50+ 0.2
1.6 58 0.5
2.0 148 + 1.2

3.0 162.3 = 13.7

4.0 358.1 = 23.1

6.8 157.7 = 14.0

8.4 148.8 = 12.3
10.0 136.0 = 12.0

“ All buffers were prepared as described in USP XXII.
®N = 3.
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Fig. 3. The pH-stability profile of aucubin at 37°C. Each point rep-
resents the mean value of three observations with standard devia-
tion bar.

ucts of aucubin were observed by HPLC during the partition
study.

Plasma-to-Blood Partition

Aucubin partitioning reached equilibrium within 30 min
with negligible hemolysis during the incubation. Mean
(£SD) partition of aucubin to red blood cells was constant
over the blood concentration range of 25-250 wg/ml, i.e.,
18.4 (=1.1), 20.3 (x£1.0), 17.1 (=1.3), and 18.2 (+1.2)% of
aucubin were found in the blood cells when determined three
times at the blood concentrations of 25, 50, 100, and 250
pg/ml, respectively. The average ratio of aucubin present in
the blood cells among total aucubin was calculated to be 18.5
(=1.3)%.

Plasma Protein Binding

Plasma protein binding of aucubin was determined by in
vitro equilibrium dialysis. The unbound fractions of aucubin
were calculated to be 83.2 (=6.5), 92.0 (=5.0), 97.8 (x7.7),
88.6 (£4.3), and 94.7 (=4.7)% for aucubin concentrations of
10, 50, 200, 500, and 1000 pg/ml, respectively, when ex-
pressed as mean (*=SD) of three experiments. There was no
concentration dependency in the binding. In conclusion,
91% of aucubin was found to exist in the unbound form.

10000

Concentration (ug/mi)

Time {min)

Fig. 4. Plasma profiles of aucubin after iv administration of 40 (A),
50 (O), 100 (@), 200 (C7), and 400 (M) mg/kg doses to the rats. Each
point represents the mean = SD of four experiments. The lines were
generated by two-compartment model using MULTI program (20).
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Table II. Pharmacokinetic Parameters of Aucubin After iv Admin-
istration of Various Doses to Rats®
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Table III. Bioavailability Parameters of Aucubin after pv, ip, and po
Administration at a Dose of 100 mg/kg*

Dose (mg/kg)

Parameters 40 50 100 200 400
ty,, g (min) 42.5 48.7 50.9 58.1 435
8.0) 8.1) (10.2) (19.4) (12.9)

Vd,, (ml/kg) 347 296 383 362 366

37 (73) (46) 57 an
CL, (ml/min/kg) 7.2 7.0 7.4 9.3 10.7
(2.6) (0.8) 2.0) 2.7 (1.8)

AUC (pg min/ml) 6,110 7,040 13,550 22,160 37,070

2,430) (727)  (3,220) (6,390) (5,810)

¢ Each value represents the mean (=SD) of four experiments. All
parameters are not significantly different from each other among
doses.

Pharmacokinetics and Bioavailability of Aucubin

Plasma levels of aucubin after iv administration of au-
cubin at the dose of 40400 mg/kg are plotted as a function of
time in Fig. 4. The profiles showed bioexponential decay.
Pharmacokinetic parameters were calculated by moment
analysis and are summarized in Table II. The parameters did
not differ significantly among doses of 40400 mg/kg, indi-
cating that the pharmacokinetics of aucubin are linear in the
dose range examined. Mean values of 1, 5, Vd,,, and CL, of
aucubin in the dose range were 48.7 (£6.3) min, 350.8
(£33.4) ml/kg, and 8.3 (+1.6) ml/min/kg, respectively. The
mean plasma concentration profiles of aucubin after iv, po,
pv and ip administration of 100 mg/kg are shown in Fig. 5,
and the relevant bioavailability parameters are summarized
in Table III. Bioavailabilities were calculated by comparing
the AUC ratio of each route to that of the iv route.

The plasma profile after pv administration was nearly
parallel to that of iv administration. The terminal slopes of
the curves following pv, po, and ip administration were iden-
tical to that of iv administration. The peak plasma concen-
trations (C,,,.) of aucubin after ip and po administration
were much lower than those of iv administrations. The C,,, .,
of oral aucubin was much lower than that of ip aucubin by a

1000,

Concentration (g /ml)

9 39 20 80 T 240

Time {(min)
Fig. 5. Plasma profiles of aucubin after iv (B), pv (O), ip (O), and po
(@) administration of 100 mg/kg doses to the rats. Each point rep-
resents the mean + SD of four experiments. The lines were gener-
ated by two-compartment model using MULTI program (20).

Parameters po ip pv
C..o (ng/ml) 17.4 1112 —
(6.6) 6.4)
T pax (mMin) 54.5 19.6 —
(10.7) 3.3)
AUC (pg min/ml) 2,610 10,400 11,320
(794) (2,450) (1,330)
Bioavailability (%) 19.3 76.8 83.5
5.9 (18.1) 9.8)

¢ Each value represents the mean (+SD) of four experiments.

factor of 5 or 6, and the time to reach the peak (7,,,.) of oral
aucubin was twofold longer than that of ip aucubin.

From the relationships shown by Egs. (4)-(6), the avail-
ability of aucubin across the liver (F3), GI mucosa (F,), and
GI lumen (Fs) were 0.92 = 0.22, 0.84 = 0.10, and 0.25 +
0.08, respectively.

DISCUSSION

The volume of distribution (Vd_,} of aucubin was far
below body weight, which indicates poor distribution of au-
cubin to body tissues. In vitro plasma-to-blood partition of
aucubin was also rather small. The small Vd, and plasma-
to-blood partition, in spite of very low plasma protein bind-
ing (approximately 9%) of aucubin, could be attributed to the
low partition coefficient of aucubin.

The F, (0.84) indicates that 16% of aucubin adminis-
tered through the pv route is extracted by the liver. On the
other hand, the fraction of aucubin transported into the GI
mucosa across the gut wall (Fs) was only 0.25, possibly be-
cause of rapid degradation in the acidic condition of the
stomach fluid (Table I) and incomplete absorption from the
GI lumen, expected from the low partition coefficient of au-
cubin. The small fraction of aucubin transported across the
GI mucosa (F,) could have been caused by enzymatic hy-
drolysis by B-glucosidase (23) in the GI mucosa.

Bioavailability of pv aucubin (84%) reflected extraction
(16%) by the liver. The slightly lower bioavailability after ip
administration (77%) than after pv administration may be
attributed to the loss of the drug during absorption through
the abdominal cavity. The low oral bioavailability of aucubin
(19%) was a result of low availability across the GI lumen
(Fs). Further, presystemic metabolism could also contribute
to the low bioavailability. The contribution of presystemic
metabolism, however, seems to be small, since F; and F, are
fairly high. pH-instability and incomplete absorption largely
account for the difference in bioavailability seen between ip
and po administration.
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