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Permeability of CPU-86017 through the BBB after Intravenous
and Intracerebroventricular Injection in Mice

CIAMALA D. Cibangu, LIN Sheng DAI De-Zai

Research Division of Pharmawlogy, China Pharmaceutical University, Narnjing 210009, China

[ ABSTRACT] AIM: To investigate the bi-directional penetration of CPU-86017 across the BBB (Blood Brain Bamier)
following # and icv Cintracerebroventiicular) administration in mice. METHOD: The levels of CPU-86017 (p-Chlorobenzyl-
tetrahydwberberine hydwchloride) in the brain, heart kidney and blood of mice after acute administration of 3. 0 mg/kg of
CPU-86017 were measured by validated HPLC assay at several time points: 5, 10, 20 30 and 60 minutes RESULT. The
maximum concentrations of CPU-86017 in the brain  heant, kidney and plasma achieved at 10 minutes by both wutes of admin-
istration were 0. 834-0. 335, 25 134 17, 56 0£19. 69 and 2 230 97 ¢/ ml in the iv group and 23 6814 2 15 9+
1024 79344 68 and 3. 3212 3 tg/ml in the i group respectively. The decline in concentrations was rapid in plasma.
The highest concentration of CPU-86017 was found in the kidney (56 0==19. 69 g/ g) after iv administration and in the brain
(23 6844 2 g/ ) after icv injection The difference in concentrations in the kidney and heart was not significant at 60 min

dfter v administration Given by icv administration CPU-86017 reached the periphernal tissues and plasma at each of the five
time points whereas by the iv route at 200 30 and 60 min the drug could not be detected in the brain CONCLUSION: The
permeability of CPU-86017 through the BBB was well established by two ways: blood circulation to the brain and brain to gen-

eral circulation However, abig difference exists between these ways It is more difficult to penetrate from the blood to the

brain than from brain to the perpheral
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1 Introduction

Several investigatiors in China have examined p-
chlorobenzylietrahydroberberine  (CPU-86017 ), for its
antiarthythmic  activity " *  in  experimental animals.
However, no report has appeared on its penetration
through the blood brain barrier (BBB). Previously, we
reported that the administration of CPU-86017 showed
deeper sedation, greater loss of the right reflex and high-
er mortality in the icv route than that in the i group!?.
Since CPU-86017 was able to cwss the BBB;
possible that the brain and the cardiovascular system

were the target organs of its toxic effect” .

it was

However,
these suggestions were related to the effect of the drug in
tissues at one point of time. CPU-86017 provided pro-
tection against arthythmia and cerebral ischemial*9 .
Unfortunately CPU-86017 has significant toxicity causing
a lowering of blood pressure and affecting the heart

(bradycardia, a delay in atrio-ventricular conduction)

* [ Recieved date] 2002-10-31 [ "Correspording author]

[Document code] A

Tel,

[ Article ID]  1000-5048(2003)03-0250-04

when given by @ injection in some animal model ™.
The present study was undertaken to explore the
penetration of CPU-86017 across the blood brain barrier
in two directions; brain to the blood circulation and gen-
eral circulation to the brain' . The study was focused on
CPU-86017 levels in the brain, heart, kidney and blood
at different time points after #» and iov C(intracewr-

broventricular) medication.

2 Materials and methods

21 Chemicals

CPU-86017 and tetrahydroberberine (THB) wer
obtained from the Center of New Drug Research and De-
velopment, China Phamaceutical University, Nanjing,
PR China Al solvents wer of analytical or HPLC
grade. Composition of Krebs - Henseleit (K-H) solution
was as follows (mmol/L): NaCl 119; NaHCO3 25; KCI
4.6; MgCla1.2; KH2PO4 1. 2; CaCh 2. 55 Glucose 11.
2.2 Animals

86/ 25/ 3271270(0)
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Mice, Kwunming of both sexes (weight 18 ~22 ¢ ),
were purchased from The Animal House of China Phama-
ceutical University (Certificate No: SCXK 2002-001 1).

They were housed in ventilated cages and main-
tained under standard laboratory nditions and allowed
to feed ad libitum on diy mouse diet and tap water before
being used
2.3 Exwpeaimental protowl

The mice were divided randomly into 5 goups of 6
animals for each route of administration. They were as-
signed to receive CPU-806017 doses of 3 mg/ kg CPU-
86017 was dissolved in 0. 9% saline before being used
and the volume of injection was 0.4 ml/20 g for iv and
0.05 ml/20 g for iovs respectively. The site for iov was
at bregma Imm on the left ventricle.

2.4 Measurenent of CPU-86017 wncentration

Measurement was performed in 5 groups of 6 mice
receiving a dose of 3mg/ ke either by iov or by iv. 5, 10,
20, 30 and 60 min after medication blood samples were
collected in clean tubes and animals were killed. Tissue
samples (brain, heart and kidney) were removed and
weighed.

2.4.1 Determination of CPU-80017 wncentration in
Plasma  Chloroform (6 ml) was added to 1 ml plasma
containing 125 #1 of internal standard(THB, 0. 625 Hg/
ml), the samples were shaking for 5 min and centrifuged
at 2, 500 rpm for 10 min. The omganic phase was sepa-
rated and evaporated at 55 C to dryness under nitrogen.
Residues were dissolved in100 #1 mobile phase and an
aliquot (20 1) was analyzed by HPLC with an LC-10AT
VP, SPD-10A system (Shimadz, Japan) and a Hyper-
sil (Cigs 5 Mm particle size, 15 em>X4. 6 mm ID). The
mobile phase consisted of metharol - acetate buffer (53
47, v/v), pH 3.67 at a flow rate of 2 ml/min. The
detection wavelength was 234 nm

2.4.2  Determination of CPU-86017 cncentration in
Brain, Heart, and Kidney  Samples of tissue (1 g)
were homogenized in 10 ml of K-H solution. An aliquot

(1 ml) was transferred and treated as for plasma above.
For animals given drug by the & wute the whole hemi-
sphere was used, but for animals given an iov injection
into the left lateral cerebral ventricle, only the right
hemisphere was taken.

The retention times of CPU-86017 and its internal
standard (THB) were in blood, brain, heart and kid-
ney: 6.848 and 3. 679 min; 6. 173 and 3. 857 min; 6. 1
and 3. 673 min; 6. 515and 3. 557 min respectively.
There was no interference of the peak of the tested cwm-
pound by endogenous substances.

2.5 Assay validation

Linear regression was carned out based on area ratios
of CPU-8W017 to the intemal standard plotted against CPU-
80017 concentrations. A calibration curve was prepared by
adding appropriate volumes of stock solution of CPU-86017
and THB to centiifuge tubes cntaining homogenized tissue
samples. Final concentrations were in the range 0. 04 ~30
Hg/ml(n=5).

2.6 Data and statistics

All data were expressed as mean ts. Student’ s
test was applied to detemnine the statistical significance
based on P<0. 05.

3 Results

31  (oneentration of CPU-86017 in brain, heart,
kidney and plasma

The concentrations of CPU-86017 in different or-
gans after iv or iv administrations were measured fol-
lowing 3 mg/ kg medication at several points of time: 5,
10, 20, 30, 60 min. The data presented in Table 1 and
Table 2 allow a comparison of the concentration of CPU-
86017 in different organs of mice at several time points.
The peak concentrations of CPU-86017 in the brain,
heart, kidney and plasma wer achieved at 10 min by
both wutes of administration. Concentrations then fell
sharply at 20, 30 and 60 min after #» and icv adminis-
trations as shown in Table 1 and Table 2.

Tab 1. Concentration of CPU-86017 in brain, heart kidney (*g/ g and plasma (g/ ml) by the iv routes in mice (x+s, n=6"for each point time)

5 min 10 min 20 min 30 min 60 min
Brain 0.742+0 25 0.8340. 335 0 0 0
Heart 21. 48+7 12 25.13+4. 17 12 6742 69" 11.6642 7° 11 1642 84 *
Kidney 40. B*14. 0 56 0+19. 69 28 4+561" 211544 @ ° 10 14+2. 67"
Plasma 4 71+25 2.2340. 97 0.335+0.03" 0.42+0. 07 " 0 38+0. 02"

" P<Q 05vs 10 min
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Tab 2. Concentration of CPU-86017 in brain, heart, kidney (Mg/g) and plasma (Hg/ ml) by the icov routes in mice( x &=s, 7=6 for each point time)

5 min 10 min 20 min 30 min 60 min
Brain 21. 6710 34 23 68+4. 2 12 68+8. 47 10. 69+6. 31 " 739+4.42"
Heart 3.84+094" 15 9410.24 8 33+247 4.66+1 55" 45+1.08"
Kidney 6. 45+3 26 7.934+4. &8 6 25+0.57 4.8241. 59 293+0.54"
Plasma 1. 440 83 33242 3 1 810 54 19140 & 0.565+0.33"

“P<Q 05 vs 10 min

3.1.1 Concentration of CPU-86017 in brain, heart,
kidney and plasma afier iv rouwte  The concentration of
CPU-86017 following v injection, in the kidney was ap-
proximately two times higher than that in the heart at 5,
10, 20, and 30 min. But at 60 min, the difference was
not significant between kidney and heart. The cardiac
concentration at 30 min was almost the same as at 60
min. The lowest concentration of CPU-86017 was found
in the brain at all time points and reached an unde-
tectable concentration after 10 min. The concentration in
the heart by & route was greater than that in the brain at
all time points.

3.1.2 Concentration of CPU-86017 in brain, heart,
kidney and plasma afier icv route  The highest concen-
trations of CPU-86017 following icv injection, were
found in brain (the opposite hemisphere to the iov injec-
tion) followed by the heart. At 5 min the concentration
of CPU-86017 in the kidney was higher than that in the
heart but at 30 min the difference between the heart and
kidney was not significant.

The concentration of CPU-86017 in the brain was
significantly higher following iov administration than fol-
lowing # administration. Conversely, following iov ad-
ministration the cardiac concentration of CPU- 86017 was
significantly lower than that following #v administration.

The concentration of CPU-86017 in plasma was
much lower than that in the kidney and heart at all time
points after both routes of administration. However, the

concentration was higher in the iov group than in the
group at 10, 20, 30 and 60 min as shown in Table 1
and Table 2.

4 Discussion

The results of this investigation poovide a better de-
scription of the pemeability of CPU-86017 though the
BBB after iv and icov in mice than it was available previ-
ously' 7. The permeability of CPU-86017 was confimed
by HPLC assay'® % of brain levels following two routes of

injection. The appearance of CPU- 86017 in the brain
was substantial and higher by the icv route than by the
v route and was accompanied by higher plasma levels of
CPU-86017 at all time points save at the 5 minute time
point. This report indicates that by the iov route, CPU-
86017 exits easily through the blood brain barrier and is
contimiously released fiom the brain to the blood circula-
tion. In addition, this finding reveals that the dug not
only passes easily though the BBB into the brain, but
also diffuses faster from the cerebral tissue to the blood
circulation than it distributes into tissues. Thus, the bi-
ological responses after icv injection are considered to be
due to an acute toxic effect on cerebral tissue and pe-
ripheral tawget organs after diffusion into the circula-
tion ¥,

Intravenously injected CPU-86017 appeared in car-
diac tissue, reaching a significantly higher concentration
than in plasma and the brain. This finding indicates that
CPU-86017 does not easily cross the blood brain barrier
from the general circulation to the brain and supports our
previous report that the heart is an important target organ
of CPU-86017" s pharmacological effects ¥ . Tn addi-
tion, the low concentration of CPU-86017 found in the
brain at 5 and 10 min reached an undetectable value at
20, 30, 60 min. Since CPU-86017 could reach the
cerebral tissue by iv route, the brain might be also the
target organ of CPU-86017. This confims that CPU-
86017 does ot only exert a central effect together with
peripheral effect on the circulation but also gets into the
brain from the general circulation after #v injection. The
deep sedation observed after administration of CPU-
86017 by both routes in mice presumably reflects this
central effect.

CPU-86017 produces a hypotensive effect in some
animal models following administration
of this effect remains to be determined although the high

. the locus

concenirations in the kidney, imply that the kidney

could be wnsidered as one of the main target organs of
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this compound.

The results of this research demonstrate that CPU-
86017 cwsses the blood brain barrier by two directions:
from the blood circulation to the brain and from the brain
to the general circulation. However, a significant differ-
CPU-86017 exits
from the brain to the general circulation more easily than
it enters the brain from the blood circulation. The BBB

ence exists between the two directions.

is a two-way transport phenomenon for CPU-86017, al-
though its transport mechanisnd ' through the BBB re-
mains to be investigated.
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