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ABSTRACT

ATM: To study the pharmacokinetics of atenolol { Ate)
stereoisomers in Chinese. METHOD: A single oral
dose of 100 mg of racemic Ate tablets were piven to 12
healthy volunteers of Han nationality. Plasma and
urine concentrations were determined by the reversed
phase HPLC method. RESULTS: The disposition of
d-Ate and {-Ate was conformed to one-compartment
model,  Maximal plasma concentration { Cp,, ) o {-Ale
(331 + ™) pg- L', d-Ate (342 2 78) pg- L',
Area under blood concentration-time curve { AUC) ; d-
Ate (2635+610) ug-h-L~", [-Ate (2442 £588) pg-
h*L-!. Renal clearance { 7.); {-Awr (6.9+1.2)
L-h™', 4-Ate {6.5+1.3) L-b"'. CONCLU-
SION: The disposition of Ate stereoisomers is of
stereoselectivity.

INTRODUCTION

Atenolol ( Ate) is a cardioselective 3;-adrenoceptor
antagonist used for the weamnent of hypertension.
angina pectoris, and cardiac arrhythmias''’. A is a
raceme with 2 stereoisomers: J-Ate and [-Ate. the
pharmacologic activity of the racemic Ate resides
mainly in the [-enantiomer. The enantiomers of many
drugs exhibited obviously differences In pharmaco-
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kinetics, pharmacodynamics, toxicology, and adverse
reaction'®*). I a drug used clinically as a racemic
mixture. its pharmacokinetics and pharmacodynarmics
must have been considered 0 be stereoselective. In
this study we examined the pharmacokinetics of Ate
epantiomers in Chinese.

MATERIALS AND METHODS

Drugs and reagents Racemic Ate tablet (50
mg/ tablet) . Henan Zhulin-Ante Pharmaceutical Co ( lot
No 940401 ). [-Ate standard ([a * - 16°), purity
99 % (lot No 33089-2), and d-Ate standard {[a]®
+16°), purdty 99 % (lot No 330884 ), were
purchased from Aldrich Chem Co. Internal standard
{methoxamine HCl), punty >99 %, was purchased
from Sigma Co. Homochiral derivatizing reagent { d-
1-phenylethylisocyanate. PEIC). purity >99.5 %,
was purchased from Fluka Co. Racemic Ate standard,
purity 99 %, was provided by Tianjin Central
Pharmaceutical Factory.

HPLC-grade methanol was purchased from
Guangzhou Donghong Chemical Planis { AR, lot Mo
950701). All other chemical reagents were of AR.
Water was distilled.

Chromatography The plasma and urine con-
centrations of Ate stercoisomers were determined as
recently described” . In brief. the HPLC system
( Hewlett Packard, USA ) consisted of an HP
ChemStation, an HP 1030 series pumping system, an
HP 14bA floorescence detector. The analytical
column is an ODS Hypersil (250 mm x 4 mm. 5 pm).
The mobile phase was composed of water-methanol-
isopropanotdichloromethane { vol = 53.2:41.6:4.8:
0.4) at a flow rate of 1.0 mL - min~!  Fluorescent
detector was set at A, 235 nm and A, 300 nm.

Subjects In accordance with the declaration of
Helsinki, 12 healthy male volunteers of Han nationality
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with free consent entered the study. They were aged
(294 5 4) a. weighed (65+ 5 9) kg. and all the test
results of their blood, urine. liver, kidneys, and
electrocardiogram  were normal.  The  volunteers
abstained from any other drugs including alcohol,
tobacco for 2 wk before the study and during the study
days.

Study design  The subjects, afier a 12-h
fasting. wetre given a single oral dose of racemic Ate
tablets ( 100 mg? with 200 mL water. A uniform diet
was supplied after 2 h and water 100 mL was asked to
be drunk every 3 h.

Plasma and urine sampling Blood samples
were collected into the heparinized glass tubes at 0.3,
1. 1.5, 2.3, 4, 6,9, 12, 24 h after the medication.
The samples were centrifuged at 2000 x g for 20 min to
get plasma. The urine was collected at 0-3. 3-6, 6
-9,9-12, 12-24 h. Plasma samples (0.5 mL}
and urine samples (0.2 mL) diluted 5 times with water
were added with methoxamine HC1 (100 mg-L"'} 8
L, then were extracted with ethyl acetate and
isopropanol after alkalization with NaOH. The organic
layer was evaporated to dryness under a nitrogen stream
at 40 C, the residues were added 2 pL. ammonia and
0.25 % PEIC chloroform solution 0.2 mL, stood at
4 T for 15 min. then dried under a nitrogen stream at
25 C. Water 1 mL and chloroform 2 mL were added
to the samples. and the remaining organic layer was
evaporated under Ny at 40 T. The residue was

dissolved in 60 uL of the mobile phase. Aliquots of
20 L of the supematant were injected.
Pharmacokinetic analysis The plasma

concentration-time curves were analyzed with MCPKP
program { XIA Wen-Jiang et of , Institote of Traditional
Chinese Veterinary Medicine) on a COMPAQ-186
personal computer to determine the compartment model
and the phamacokinetic parameters. The maximal
plasma concentration ( Cp,, ? and the time after dosing
at which maximal plasma concentration was reached
{ Tan ) were the observed actual values. The area
under blood concentration-time curve | AUC,_ . ) was
determined by a statistical moment model. The urine
pharmacokinetic parameters were calculated by

K .{elimination constant) -

AX, Kt K.K,FX,

e =733t K-k

X, (Total Excretion) = X, + (AX,sAt) /K,

X7 % (Excretion Rate) = (X7 /X,) x 100 %,

! .(Renal Clearance) = X /AUC.

All data were analyzed with paired ! test.

RESULTS

Chromatography  The baseline resolution of
the diastereomers of Ate was obtained in plasma, with
retention time of 9.3 min for /-Atwe and 10.2 min for
d-Ate. The internal standard was a racemic dmg
resolved into 2 peaks, and retention time were 13.0 and
13.7 min, respectively. The retention time of I-Ate,
d-Ate, and methoxamine in wrine were 9.7 and 10.6
min. 13.5 and 14.1 min, respectively. The peaks
were sharp, well-seperated, and not interfered by the
plasma or urine (Fig 1).
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Figl. HPLC collected from a healthy man after pe
100 mg of racemic Ate tablets.

Accuracy and reproducibility The standard
curves for the enantiomers were linear over the range of
10— 1000 g+ L.™" in plasma ( I-Ate: r =0.9913, d-
Ate: r=0.9937) and 25 — 1500 ug-L"" in urine { /-
Ate: r=0.9952, d-Ate: r=0.9963). The minimal
absolute recoveries of I-Ate and d-Ate were 85.7 %
and 86.3 %, respectively in plasma, and 84.8 % and
85.5 %, respectively in urine. The inter-day RSD of
[-Ate and d-Ate were <5.1 % and 4.7 %,
respectively in plasma, were <2.4 % and
2.0 %, respectively in urine. The intra-day RSD of
[-Ate and d-Ate were <4.3 % and 3.8 %,
respectively in plasma, and were <2.0 % and
1.9 %, respectively in urine,

Pharmacokinetics  The plasma Ate enan-
tiomers concentration-time curves were fitted to a first

and
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order absorption 1-compartment open model (Fig 2).
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Fig 2. Atenolol enantiomers in plasma and urine
after po 100 mg of racemic atenolol tablets in 12
Chinese healthy volunteers.

Fig 2 also showed the urine Ate enantiomers
excretion rate-time relationship.

Tab 1 summarized all the phanmacokinetic data of
the Ate tablets in plasma and in urine on 12 men. The
plasma concentration of &-Ate was higher than that of
I-Ate, the C,,, of d-Ate was greater than that of /-Ate
(P <0.05), and the AUC of d-Ate was 1.08 times
greater than that of I-Ate { P <0.05). But the renal
clearance { C7.) of !-Ate was 5.9 % higher than that of
d-Ate { P<0.05). The elimination rate constant { &
and K.) of Ate enantiomers in plasma and in urine
showed no significant difference ( P > 0.05) .

DISCUSSION

3 Adrenoceptor blocking agents enantiomers show
marked  stereoselective phamacokinetics and
pharmacodynamics. The affinity of d-Ate is 10 times
lower than that of !-Ate'™® ., it will be important
clinical significance to study the difference in pharmaco-

Tab 1. Phammcokinetic parameters of I-Ate and d-Ate
in plasma and in urine after a single oral dose 100 mg
racemic Ate. n=12, ¥+ 5.

P 50,05, P <0.05, P<0,01 vs I-Ate.

Parameters I-Ate d-Ate
In plasma
K. b 1.5+0.8 1.520.7
Ty h 0.21+0.20 024022
K.obh! 0.12+0.04  0.116+0.013*
Tilm, h 0.57£0.27 0.59+0.29°
TJE"" h 5.8x0.7 6.0x0.7
Tex- 2.0+0.7 2.1x0.7
Con» pe'L™! 33 £79 342+ 78°
AUC, peg-h-L™! 2 442 + 588 2 635 £ 610°
V,F, L'kg™? 5.8+2.0 3.4+1.8
Clyy, Loh™! 0.68£0.14 0.63 +0.10F
AUC, . pgrh-L™! 2 255+ 620 2 411 = 625°
MRT, h R.7x0.7 R.7x0.6
MAT, h 0.9x0.0 0.9+0.6°
1n urine

K., h~! 0.14£0.07 0.14 £ 0.09°
Tlg. h 6.4£3.0 7.0£4.2%
ct,, Leh! 6.9x1.2 6.5x1.3°
X2, mg 166 18+ 7"
XS % 33+ 11 35+15°

kinetics of Ate enantiomers .

The results of our studies indicate that there were
significant stereoselective differences in the Cp, and
AUC of Ate enantiomers. The reasons of the
stereoselective differences in Cr,, and AUC are not
clear”. ‘The difference in oy of the enantiomers
could be explained by a difference in dose or
bicavailability and by a difference in rate of
elimnation. rate of absorption, or volume of
distibution. The difference in AUC can also be
explained by differences in renal clearance, dose, or
bicavailability of the enantiomers of Ate. In our study
healthy volunteers were given a single oral dose of
racemic Ate and the Ate enantiomers is equivalent.
Ate is a hydrophilic agent, and only negligibly bound
to plasma proteins, apparent volume of distribution
(Vy) is low, therefore ¥ may not be responsible for
the differences of AT enantiomers. Analysing the
phamacokiretics of Ate, we consider that oral bio-
availability and renal clearance of the Ate may be
contributed to the stereoselective differences.
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The possible causes of stereoselective bioavaila-
bility include; 1) stereoselective first-pass hepatic
metabolism, 2) stereoselective bacterial metabolism in
the intestine, 3 ) stereoselective billiary secretion
followed by reabsorption, 4) sterecselective active
transport of Ate in the intestinal mucosal membrane .
To analyze the characteristics of this drug, the suitable
explanation for stereoselective bicavailability is that
there may be a stercoselective active absorptive
mechanism for Ate mm the gastrointestinal tract.
Because of the hydrophilic nature of Ate and its high
pK,(9.55), it would be expected to cross cellular
membranes with difficulty.  Therefore it is possible
that Ate is absorbed through the intestinal mucosal
membrane by a carrier-mediated process that
stereoselective.

The second reason is the renal clearance of Ate
being of stercoselective. The route of renal excretion
is glomerular filtration, active metabolism or transport .
Glomerular filtration is passive. it is impossible that
there is significant difference in glomerular filtration rate
{ GFR) of two Ate enantiomers, but stereoslective renal
elimination may be possible if Ate is excreted by tubular
secreion or tubular reabsorption. Our results
demonstrate that the renal clearance of {-Ate is 5.9 %
higher than that of d-Ate ( P <0.05), the Cp, of I-
Ate is lower than that of d-Ate. So the stereoselective
differences in renal clearance of Ate enantiomers may
share the reasoms of lower plasma level of /-Ate.

is
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