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It is a great pleasure for us that more research articles have been sent to us since the beginning of this

year. It may be one step of our success or a good sign indicating that more members are interested and
trust in the Thai Jourral of Pharmacology. Moreover, the New Drugs column is generally accepted
as a good academic professional information for the Thai pharmacologists and physicians. It serves
also as a bridge of relationship among the pharmacologic academic institutions, the Thai
pharmaceutical manufacturers, importers and distributors. We must accept that pharmacological
knowledge and new drug discovery are more and more advanced and developed very fast in this era.
Most of them have come from the co-operation of many academic institutes and the pharmaceutical
industries. It is also our duty to catch up with the trends of these new discoveries. It is a hard task but
we are trying to simplify and digest it so that you can save your valuable time in updating vour
knowledge. The editorial staffs also accept that we are gaining more knowledge from this mission. This
year will remain the same as last year, our goal is attempting to produce 3 issues per year. For this year,
in 1999, our dream editorial team is still on duty. Thanks for your trust and recommending letters. Your
support and valuable advice are needed. Keep contact with us, and as usual, we’re asking you to send
us more your research articles and reviews in pharmacological field. We can guarantee that your work
that passes our peer review process will be published within 3-6 months. See you again in the next

issue delivered in August.

Supatra Srichairat

Editor
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THE PROTECTIVE EFFECTS OF VITAMIN E ON ISCHEMIC NEURONAL
DAMAGE IN RATS
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Ratana Ninturk*

*Department of Physiology, Facully of Medicine Siriraj Hospital, Mahidol University, Banghok,
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ABSTRACT

Antioxidant vitamins (i.e. vitamin E and vitamin C) in large dosages are increasingly common
self-prescribed drugs. This increase in vitamin use has, perhaps, been promoted by the claim that
vitamin may provide protection from ischemic brain damage or prevent age-associated diseases
induced by free radicals and lipid peroxidation. Apari from such legitimate uses of mega-dosages of
vitamins, at present there is no conclusive evidence to support the recommendation of such use.
Therefore, the purpose of the present study is to investigate the efficacy of short-term and long-term
vitamin E supplements in protecting brain damage from fransient global cerebral ischemia in Sprague-
Dawley rats. The present study was designed to examine vitamin E’s effect on histological outcome 7
days after transient global cerebral ischemia in the treated and unireated animals. Global cerebral
ischemia was induced by 30 minutes bilateral occlusion of common carotid arteries with lowering
mean arterial blood pressure to 60-80 mmHg before occlusion. For the short-term study, animals were
divided into two groups. Group | was subjected to cerebral ischemia with no medication and group 2
was fed daily with vitamin E (30 mg/kg) from 2 weeks before to one week after ischemic insult, For the
long-term study, global cerebral ischemia was induced in group 1 at the age of 15-19 months with no
medication. Group 2 was fed daily with vitamin E (30 mg/kg) for 12-15 months before ischemic insult
beginning from the age of 3 months. The result demonstrated that the mean percentage of cell death in
the 2 weeks supplement group (17.8+0.8) was significantly less than that of the untreated group
(28.0+0.8)(P<0.05). However, the cell death in the long-term(12-15 months) vitamin E supplement
group was not significantly different from the untreated group. The present study, therefore, revealed
that short-term vitamin E supplement provided partial protective effect from acute ischemic brain
damage. In contrast, cur results also showed that long-term vitamin E supplement could not influence
the outcome damage induced by transient ischemic attack. Therefore, vitamin E supplement should not
be recommended in healthy elderly population. It should be reserved for individuals with documented
deficiency or who are at risk only.

Key words : antioxidant, vitamin E, ischemic brain damage
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INTRODUCTION

Free radicals and lipid peroxidation
have been suggested as importani causative
agents of several human diseases including
ischemic cell death and age-related
degenerative disease'™. Free radicals are
normally produced during mitochondrial res-
piration, autooxidation of a wvariety of
biological molecules and chemicais. Since free
radicals are highly reactive, a series of cellular
defense mechanisms have been evolved io
prevent uncontrolled radical  reactions.
However, under pathologic condition or
oxidative stress such as ischemia/ reperfusion,
larger amount of oxygen free radicals are
formed than normal which can overwhelm the
defense of the cell. The excess free radicals
may induce lipid peroxidation, causing
neuronal damage resulting in delayed neuronal
death at selective vulnerable areas of the
brain’. Furthermore, brain tissue is particularly
susceptible to free radical aitack due to its high
metabolic rate and high concentration of
polyunsaturated fatty acids which are highly
susceptible to oxidation. Therefore, toxic free
radicals may be one of the major potential
causes of age-related destruction of neurcnal
tissue®. Evidences suggest that vitamin E
which is well accepted as the most effective
natural lipid-soluble antioxidant or free radical
scavenger, could theoretically be helpful where
oxidization and free radical formation are the
initiating events in disease and aging
processes . Therefore, elderly subjects who
are wmore susceptible to oxidative stress, may
gain benefit from the antioxidant protection
provided by vitamin E. Vitamin E supplement
in large dose is increasingly common in elderly
population in an attempt to halt the normat
aging process or prevent and cure diseases.
Despite it has been realized that antioxidant
will not delay aging in heaithy elderly people,
vitamin E supplement may be given to prevent
some diseases such as acute ischemic attack®,

The present study, therefore, is based
on an attempt to ipvestigate two problems.
First is to assess whether shori-term
supplement of vitamin E in young aduli rats
can provide protection against brain damage
from abrupt increase in free radicals by acute
cerebral ischemia. Second is to observe
whether long-term supplement of vitamin E in
rats fromn the age of 3 months untii 15-19
months can protect brain from damage induced
by acute ischemic attack or not.

13
MATERIALS AND METHODS

Experimenial model

Forty Spraque-Dawley rats of both
sexes were used in the present study, The
animals were divided into two groups to study
the effects of short-term and long-term vitamin
E supplements on protection the brain damage
fromn transient globat cerebral ischemia. Global
cerebral ischemia was inducéd by bilateral
occlusion of common carotid arteries for a
period of 30 minutes in anesthetized animals
(Nembutal 40-45 mg/kg). Anaesthesia was
maintained throughout the experiment by
intravenous injection of supplementary dose of
nembutaj (usually about 4-5 mg/ke/hr).
Occlusion of the arteries was obtained by
gently tightening polyethylene (PE) loops
around the common carotid arteries. Collateral
biood supply to the brain was prevented by
fowering systolic blood pressure to less than
100 mmHg before induction of ischemia. After
30 minuies of arterial occlusion, the
polyethylene loops were }oosened to allow
recirculation of blood to the brain. Animals
were then allowed to recover from anesthesia
and returned to their cages.

Experimental procedure
Short-term supplement of vitamin E

Thirty male rats, weighing from 200-
250 gm, were used. Animals were randomly
divided into two groups. Group 1 included 15
rats for control. Global cerebral ischemia was
induced in this group of animals without
vitamin E supplement, Group 2, included 18
rats for experinent, was fed with vitamin E
daily (30 mg/kg) from 2 weeks before to one
week after ischemic insult.

Long-term supplement of vitamin E

Ten female rats were raised for 12-16
months, from the age of 3 months. Animals
were randomly divided into two groups. Group
i included 5 rats control. Global cerebral
ischemia was induced in this group at the age
of 15-19 months without vitamin E supple-
men{. Group 2, treated group, included 5 rats,
was fed daily with vitamin E (30 mg/kg) for
12-16 months before ischemic insult beginning
from the age of 3 months,

Histological evaluation

One week after ischemic msult, rats
were reanesthetized and sacrified. The rat’s
brain was prewashed with 50 ml saline and
fixed by transcardial perfusion with 250 ml of
10% formalin in 0.1 M phosphate buffer (pH
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7.4). The brain was removed and postfixed in
the same perfusate at 4°C for one week.
Following fixation, the brain was cut coronally
into 6 pieces of 2-3 mm thickness and
embedded in paraffin by using automatic tissue
processor. Coronal sections of the forebrain
were cut info 6 pum thicknesses and stained
with hematoxylin and eosin (H and E). The
paraffin sections were examined under light
microscope. All microscopic sections were
analyzed by one observer who was blinded to
the experimental conditions. Estima-tion of the
extent of neuronal damage in each brain was
assessed by counting total number of both
normal cells and ischemic damaged cells in the
specified regions of the frontal and parietal
areas. Four randomized microscopic fields in
the frontal region (two fields from left side and
two fields from right side) and eight
randomized fields in the parietal region (four
fields from left side and four fields from right
side) were chosen (Figure 1). Total number of
normal cells and ischemic damaged cells in
each fields were noted. The extent of ischeinic
damage in both areas of each animal was
expressed as percentage of ischemic ceil death,
i.e. Percentage of dead cells in the fronio-
parietal area of one animal = (Sum of total
number of dead cells from 12 fields in the
fronto-parietal region / Sum of iotal number of
both normal and dead cetls in the same region)
x 100

Analysis of results

All data are reported as mean and
standard error of the mean. Differences
between groups were analysed by using
unpaired t-test, P value of <0.05 was considered
as statistically significant difference,

RESULTS

Physiological conditions of all
animals which survived after the surgery were
in good health, No obvious motor deficit or
any reduction in degree of alertness was
observed in each group of animals studied.
Global cerebral ischemia was induced by
bilateral common carotid occlusion with
lowering mean arterial blood pressure to 70-74
mmHg, Microscopic examination of neuronal
damage revealed that cell death was found
mostly in the frontal and parietal coriex with
lesser extents observed in the regions of
hippocampus, striatum, thalamus and occipital
cortex. Hence, the frontal-parietal area was
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chosen to estimate the degree of neuronal
damage in each group.

Effects of short-term supplement of vitamin E

Estimation of the amount of ischemic
damage expressed as percentage of number of
dead cells in the fronto-parietal area of each
animal was summarized in Table 1. In the
treated animals, vitamin E was administered
orally (30 mg/kg) everyday from two weeks
before to one week after ischemic episode. The
result demonstrated that mean percentage of
cell death in vitamin E treated group (17.8 +
0.8) was significantly less than the untreated
group (28.0 + 0.8) (P<0.05). The present result
revealed that vitamin E supplement could
provide partial protection against brain damage
from oxidative stress induced by global
cerebral ischemia.

Effect of long-term supplement of vitamin E
The percentages of cell death in each
animal of the untreated group and the treated
group were shown in Table 2. Long-term
vitamin E supplement slightly attenuated the
brain damage resulting from transient cerebral
ischemia. However, the reduciion in brain
damage did not reach statisiically significant
level. It is interesting to note that the mean cell
death of the young untreated group
(28.57+1.3) was significantly lower than that
of the ofd-untreated group (33.67+3.02). The

.present resulttherefore, revealed that long-

term suppiement of vitamin E failed to protect
the brain from acute ischemnic damage.

DISCUSSION

The present results demonstrated
partial protective effect of short-term vitamin
E supplement against neuronal damage
resulting from transient forebrain ischemia in
young rats. In contrast, our study showed that
long-term supplement of vitamin E failed to
protect the brain against damage from transient
cerebral ischemnia,

The preseni evidence of partial
protective effect of short-ferm vitamin E
supplement in young animals is agreed with
several other studies. Fujimoto demonstrated
that vitainin E given intravenously helped in
the recovery of brain electrical activity 3 hours
after recirculation’. In addition, Yamamoto
showed that intravenous injection of alpha-
tocopherol prior to ligation of carotid arteries
significantly suppressed the rises im lipid
peroxides both in the brain and serum,
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Figure 1
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Semidiagramatic drawing of coronal section demonsirating the location of counting fields
used in the frontal region (upper) and parietal region (lower). In order to place the
counting field in a systematic randomized manner and confined only in the frontal and
parietal areas, the microscopic fields were always started from fields a and b, and then
moved further to the boundary between areas (as indicated by arrows). The counting
fields chosen (as indicated by solid circle) were started from the one next to ‘a’ and ‘b’
and then omiited the next one and chose the further one, respectively.
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Table 1

Table 2

Keanokwan Tilokskulchai

Perceniage of cell death in the fronto-parietal area of the short-term vitamin E supplement
group, All data are expressed as percentage of ischemic damage cells of individual
animal, mean percentage and standard emror of the mean of each group. Differences
between groups are identified by using unpaired t-test and the level of significance of the

difference is * P< 0.05.

No, Groupl Group 2
1 233 12.7
2 23.8 14.0
3 25.6 14.3
4 25.6 14.9
3 25.7 15.7
6 25.8 16.2
7 278 17.9
8 28.0 17.8
9 285 18.3
10 28.5 18.9
13 28.9 19.9
12 304 20.9
13 323 21.1
14 328 214
15 34.0 24.0
Mean 28.0 17.8%
5D 32 32
SEM 0.8 0.8

Percentage of cell death in the fronto-parietal area of the long-term vitamin E supplement
group. All data are expressed as percentage of dead cells of individual animal, mean
percentage and standard error of the mean of each group. Differences between groups are
identified by using unpaired t-test and the level of significance of the difference is * P<

0.05.

No. Groupl Group 2
1 45.85 39.41

2 44.91 39.80

3 36.37 27.65

4 37.55 36.17

5 39.71 25.33
Mean 40.88 33.67
5D 4.29 6.75
SEM 1.92 3.02
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improved the severely expressed neurological
signs, and promoted resynthesis of ATP after
reperfusion for 3 hours', In addition, a-
tocopherol administered immediately afier
ischemia prevented ischemia-induced neuronal
death evaluated afier 7 days of survival'.
Large dose of vitamin E supplement led to
significant reduction of the infarct volume by
81% after 24 hours of right middle cerebral
artery occlusion for two hours'’. Long-term
(13-16  weeks) vitamin E  supplement
significantly reduced (P=0.037) the infarct
volume measured after 48 hours of survival in
rats with ?ermanent left middie cerebral artery
occlusion'2. However, recent evidence showed
that shori-term Supplement of alpha-tocophe-
rol failed to reduce postiraumatic vasogenic
brain edema'. Inconsistencies of the outcomes
of treatment in different studies may be
influenced by the ineffectiveness or inappro-
priateness of the method of drug evaluation
and survival time afier the insult. fn these
studies, the positive results were assessed by
observing the recovery of brain electrical
activity after reperfusion, measuring the infarct
volume after 48 hours of survival, or measur-
ing the oxidative products after reperfusion. In
fact these indexes of experimental endpoint
may not be sufficient to be used as measures of
antiischemic efficacy. It is now accepted that
neuropathologic evaluation performed with
greater than 4 days survival is regarded as the
gold standard for assessing cerebroprotection.
Therefore, the present study may provide a

REFERENCES

1. Florence T. The role of free radicals in
disease. Aust N Z .J Ophthalmol 1995, 23:
3-7.

2. Kirsch J, Helfaer M, Lange D, Traystman
R. Evidence for free radical mechanisms
of brain injury  resulting  from
ischemia/reperfusion-induced evenis. J
Neurotrauma 1992; 9 Suppl 1: 8157-163.

3. Siegjo B. Cell damage in the brain: A
speculative synthesis. J Cereb Blood Flow
Metabol 1981; 1: 155-185.

4. Yamamoto M, Shima T, Uozumi T, et al.
A possible role of lipid peroxidation in
cellular damages caused by cerebral
ischemia and the protective effect of
alpha-tocopherol administration. Stroke
1983; 14: 977-982.

5. Floyd R. Role of oxygen free radicals in
carcinogenesis and brain ischemia. FASEB
J 1990; 4: 2587-2597.

17

more concreie evidence supporting the pariial
protective effect of vitamin E against acute
ischemic brain damage.

Large-dosage antioxidant vitamin
supplement is the most common self-
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COMPARATIVE STUDIES OF THE BIOEQUIVALENCE OF A GENERIC
(TENOLOL®) AND THE INNOVATOR ATENOLOL IN HEALTHY THAI
VOLUNTEERS

Maleeya Manorot, Noppamas Rojanasatien, Supanimit Teekachunhatean, Chaichan Sangdee.
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ABSTRACT

Bioequivalence of 50 mg and 100 mg of the generic atenolo] tablets (Tenolol®, Siam
Pharmaceutical) were compared to the innovative product (Tenormin®, Zeneca Limited). Each preparation
was administered to twelve healthy Thai volunteers according to a randomized balance two-way crossover
design with one week washout period. After drug administration, serial blood samples were cotlected over a
period of 24 hr and 30 hr for 50 mg and 100 mg atenolol preparations, respectively. Atenolol plasma
concentrations were measured using HPLC technique with fluorometric detection. Pharmacokinetic
parameters were analyzed by noncompartmental pharmacokinetic method using TOPFIT. The means and
parametric 90% confidence intervals of the ratio (Tenolol®/Tenormin®) of Cux and AUC,,, were 1.17
(1.00-1.34) and 1.08 (0.96-1.19), as well as 0,94 {0.77-1.12) and 0.98 (0.84-1.14) for 50 mg and 100 mg
doses, respectively. These values complied with the acceptable bioequivalence ranges of 0.7-1.43 and 0.8-
1.25 for the ratios (Test/Reference) of Cp,, and AUC,. respectively. The mean differences of Ty
(Tenolol®-Tenormin®) were -0.33 and -0.06 hr for 50 mg and 100 mg, respectively. These values were well
within the stipulated bioequivalence ranges of Tpe differences (x 20% of the T, of the reference
formulation) of + 0.58 hr and + 0.78 hr for 50 mg and 100 mg preparations, respectively. Based on the result
of this study, 50 mg and 100 mg of Tenolol® were bioequivalent to the innovator (Tenormin®) with respect
to the extent and rate of absorption.

Key words : atenolol, bicequivalence
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INTRODUCTION

The generic pharmaceutical industry in
Thailand has expanded enormously during the
last 10-20 years. The growth has been driven by
a number of factors, in particular the need to
contain public spending on health care, including
drug products. The protection of consumers
demands that a generic drug product that is
intended as a substifute for, or to be inter-
changeable with, the drug product of the pioneer
or innovator pharmaceutical company, must be
‘equivalent’™?. Substitution of a generic drug
product for an innovative drug product requires
that the producis must not only be pharmaceu-
tically equivalent, but also bioequivalent. In
general, for a generic product to be regarded as
bioequivalent with the innovative produci, any
difference in the rate and extent of absorption of
the active moiety to systemic circulation and thus
the site of drug action must be judged clinically
insignificani. The fundamental reason for
performing bicequivalence testing is to ensure, as
far as possible, the quality of generic drug
products. In particular, such testing is intended to
establish that there are not likely to be any
differences in safety and efficacy between a
generic and an innovative drug product; i.e., the
products are therapeutically equivalent. Thus, in
essence, bioequivalence is considered a surrogate
of therapeutic equivalence" .

Atenolol is a B-blocker widely used for
the freatment of hypertension, arrhythmias, angi-
na pectoris and acute myocardial infarction®. It
is a synthetic, cardioselective [-adrenergic
receptor antagonist without infrinsic sympatho-
mimetic activity. Because of its cardioselectivity,
it has been shown to produce comparable
therapeutic effects with less adverse effects than
propranolol. Therefore, atenolol is considered a
preferable agent in patients with bronchospastic
diseases, diabetes mellitus and occlusive
peripheral vascular disease ® .

At present, two dosage forms of oral
atenolol preparations (50 mg and 100 mg) are
available in Thailand both as the innovative
(Tenormin®, Zeneca Limited) and the generic
preparation (Tenolol®, Siam Phammaceutical).
Since the bioavailability studies of the generic
(Tenolol®) and the innovative preparations of
atenolol in Thai volunieers had never been
reported, this study was thus conducted to study
the pharmacokinetics and to assess the
bioequivalence of a single oral 50 and 100 mg of
innovative and generic atenolol preparations in
healthy Thai volunteers.

Maleeva Manorot

MATERIALS AND METHODS
Subjects

Twelve healthy volunteers (seven male
and five female) aged between 21-47 years old
(mean + SD = 31.08 + 10.91) participated and
completed this study. Their average weight and
height were 60.08 kg (48.0-75.0 kg) and 161.13
cm (150.0-170.0 cm), respectively. All were in
good healih on the basis of history, physical
examination, electrocardiography, urinalysis, and
laboratory investigations. The laboratory tests
included complete blood count with differentials,
blood urea nitrogen, creatinine, fasting blood
sugar, total protein, albumin, alkaline
phosphatase, alanine aminotransferase, aspartate
aminoiransferase, cholesterol and bilirubin.
Mone had a history of bronchial asthma, diabetes
mellitus, peripheral vascular disease or
cardiovascular disease. Female subjects were not
pregnani, confirmed by urine pregnancy test.
Subjects with known contraindication or
hypersensitivity to J-adrenergic blocking agents
were excluded as were those with known history
of alcoholism or drug abuse. The purpose and the
procedure of the study were informed to subjects
verbally. Afier given written informed consent,
ali subjects were enrolied in the study.

Study drugs

Test drugs : Siam Pharmaceutical, Bangkok,
Thailand

Tenolol® 50 mg (Lot No. Z2562)

Tenolol® 100 mg (Lot No. 22ZA013)

Reference drugs : Zeneca Limited, Macclesfield
Cheshire, United Kingdom

Tenormin® 50 mg (Lot No. LO. 949)

Tenormin® 100 mg (Lot No, PO.9808)

Study design

Each subject received one tablet of
either 50 or 100 mg Tenolol® or Tenormin®
orally by a randomized double-blind crossover
design. The washout period between each
treatment was at least one week to ensure the
total elimination of the previous dosing. On the
siudy day, subjects were admitted to the Clinical
Pharmacology Unit of the Department of
Pharmacology, Facuity of Medicine, Chiang Mai
University at 7 A.M. after an overnight fast.
Baseline supine blood pressure and heart rate
were measured by automate sphygmomano-
meter. A peripheral intravenous catheter was
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placed info a forearm vein using aseplic
technique for blood sample collection,
Thereafter, subjects were randomized o recelve
one tablet of either 50 or 103 mg Tenolol® or
Tenormin® with 200 m] water. Ten ml of whole
blood was coliecied just before the dosing and at
0.5,4,1.5,2,25,3,4,6,8, 12, 15 and 24 hours
afier dosing of 50 mg atenolol preparations and
before the dosing and at 0.5, 1, 1.5,2,2.5, 3,4, 6,
8, 12, 24 and 30 hours after dosing of 100 mg
atenolol preparations. The blood samples were
immediately centrifuged and the plasma was
siored at -20 °C until analysis. Supine blood
pressure and heart rate were recorded at each
blood sampling iime. Exercise was not allowed
during the study period. Juice was served fwo
hours after dosing and lunch was served afier
completing the four-hour blood sampling. Meal
and fluid intake were identical for ali study
period. Drugs, alcohol or caffeinated beverage
were not allowed during the study period.

Drug assay

Plasma concentration of atenolol were
determined by high-pefomance liquid chromato-
graphic (HPLC) method using model LC-10A
pump HPLC (Shimadsu, Japan) with RF-10 AXL
spectrofluoromeiric  detector and  CTO-
10A/10AC column ovenr, The methods being
developed were modified from the solid phase
extraction procedure and HPLC technique®.
Chromatographic analysis was carried out at 40°
C, using a 150 x 4.6 pm Inersil C; column (GL
Sciences Inc., Tokyo, Japan), a mobile phase of
NHH,PO, (7.5 mM, adjusted to pH 4.85) and
acetonitrile in the ratio of 2.3: 0.7 {flow rate 1
ml/min), and detected by fluorescence detector
with excitation and emission wavelength of 230
nm and 310 nm, respectively. The retention time
for atenolol was approximately 3.48 minuies.
Calibration  standards in  distilled water
containing 15-1500 ng/mi of atenolol were used
to establish calibration curves for assay
validation and for clinical assay {least squares
quadratic regression analysis). From a regression
equation obiained from a standard calibration
curve, the area under the peaks were used to
calculate atenolel concenirations in plasma.
Assay recovery was determined by comparing
the peak area of atenolol samples in distilled
water with the peak area of atenolol in plasma,
Mean atenolol recovery from plasma were 85%
and the lower limit of quantitation was 10 ng/ml.
The percent correlation coefficient (%CV) of
inter- and intra-assay validation were less than
4%.
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Statistical methods and data analysis

Plasma concentration-lime data were
analyzed by model-noncompartmental phar-
macokinetic method. Maximal plasma concen-
tration (Cprgee) and time to reach the maximal
plasma concentration (Tn. ) were obtained
directly by visual inspection of each subiject’s
plasma  concentration-time  profile.  Other
pharmacokinetic parameters including plasina
elimination half-life (ty,;), area under the plasma
concentration-time curve (AUC ,.,), and mean
residence time (MRT) were derived with the use
of TOPFIT 2.6, a pharmacokinetic and
pharmacodynamic data analysis program for PC.
Bioequivalence testing comprised equivalence
assessment with respect to the rate (Cp,, and
Tomax ) and extent of absorption (AUC) L9 1 The
Cmex and AUC were analyzed statistically by
logarithmically (ln) transformed the data and
performed a ihree-way analysis of wvariance
(ANOVA), while T, was performed as the
absolute  difference (uniransformed data).
Thereafter, using the variance estimate (VAR)
obtained from the analysis of variance,
calculated the parametric 90% confidence
interval (CI) from the following formulation".

2VAR
(na-pp) = (Xa-Xp) T t7; ‘“‘;1"”"“'

Where X, , Xg were the observed means of
the logarithmically (in) transformed parameters
{either Cpey or AUC) for the test product (A) and the
references (B), VAR was the emor variance
obtained from the three-ways ANOVA (the
residual mean square of a three-way crossover study),
n was the number of subjects and 1'y; was the
tabulated two-tail t value for 90% Cland v was
the number of degree of freedom of the mean square
from the analysis of variance. The antilogarithm of
the confidence interval would express the
bioequivalence as a ratio of the test (Tenolo!®)/the
reference products (Tenormin®). The bioequivalence
interval of 0.8-1.25 for the ratio of the average AUC
values (Test/Reference) is accepted by the Division
of Bioequivalence of the United States Food and
Drug Administration (FDA) and by the Canadian as
well as the European authorities’. The FDA also
accepls this range for Cn, rafio values, however, the
European guidelines suggest a wider acceptance
range of 0.7-1.43 proposed by Steinijans et al. for
Craax ratio"™’, Regarding analysis of Tpu the
stipulated bioequivalence range of Ty, difference
(Test-Reference) was = 20% of the Ty, of the
reference preparation '’
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Figure 1 Mean plasma concentration-time curves following a single oral dose of 50 mg Tenolol and
Tenormin,
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Figure2  Mean plasma concentration-time curves following a single oral dose of 100 mg Tenolol and
Tenormin.
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RESULTS

Twelve healthy subjects completed
this study without any serious adverse
effects. The mean plasma concengration-time
profiles of 50 mg and 100 mg of Tenolol® v.s.
Tenormin® were shown in Figure 1 and 2,
respectively. The means (£SD) of each
pharmacokinetic  parameter of the two
formulations of 50 mg atenolol were shown in
table 1. Both formulations of atenolol were
rapidly absorbed after oral administration with
the mean Tp,, (hr) of 2.54 + 1.08 and 2.88
123 for Tenolol® and Tenormin®,
respectively. At this time point the mean C,,
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(ng/ml), AUC,.. (ng/ml) of Tenolol® and
Tenormin® were 3.53 + 1.93 and 3.58 + 1.47,
759.17 £ 215.29 and 880.50 + 399.60, 8,244 +
1,638 and 7,710 + 2,562, respectively.

Table 3 illustrates 90% CI and point
estimate of C,, and AUCy. of 50 mg
(Tenolol®/Tenormin®) as well as the Tpm
differences of  (Tenolol®-Tenormin®). The
mean and 90% CI of the ratio
(Tenolol®/Tenormin®) of Cpae and AUC,.
were 1.17 (1.00-1.34) and 1.08 (0.96-1.19),
respectively. The mean Ty, differences of
Tenolol®-Tenormin® was -0.33 hr.

Table 4 illustrates 90% CI and point
estimate of Cn., and AUC,., of 100 mg

(ng/ml) of Tenolol” and Tenormin® were (Tenolol®/Tenormin®) and as well as the Tpay
503'33# 11122 and 43650 + 154.60, differences of (Tenolol®-Tenormin®). The
respectively. The mean value of AUC,. mean and 90% CI of the ratio
®

(nghr/ml) Tenolol ™ was 3,882 + 756 (Tenolol®/Tenormin®) of Cyy and AUC,.,
comparable to the value of 3,639 + 932 for and were 0.94 (0.77-1.12) and 0.98 (0.82-
Tenormin®.  The means of  each 1.14), respectively. The mean T, differences
pharmacokinetic ~parameter of the two of Tenolol®-Tenormin® was -0.06 hr.
formulations of 100 mg atenolol were shown

in table 2. The mean values of T,y (hr), Cpax

Table 1 Pharmacokinetic parameters after a single 50 mg oral preparation of the generic and innovator
atenolol in 12 healthy Thai volunteers. Data expressed as mean + SD.

Pharmacokinetic parameters Tenoiol® Tenormin®

Trnax (hr) 2.54+1.08 2.88+1.23
Cinax (ng/ml) 50333 £ 111.22 436.50 + 154.60
AUCs., (ng.hr/ml) 3,882 £ 756 3,639+ 932
MRT,., (hr) 8.76+1.05 898+ 135

ty2 (hr) 593+ 071 621+ 1.05

Table 2 Pharmacokinetic parameters after a single 100 mg oral preparation of the generic and innovator
atenolol in 12 healthy Thai volunteers. Data expressed as mean + SD.

Pharmacokinetic parameters Tenolol® Tenormin®

T ax (hE) 3.53+£1.93 3.58+147
Crnax (ng/ml) 759.17 £215.29 880.50 + 399.60
AUCq., (ng.hr/ml) 8,244 + 1,638 7,710 £ 2,562
MRTy.., (hr) 940t 1.14 931+1.24

ty (hr) 6.08 +0.75 6.47 £0.90
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ALPROSTADIL IN ERECTILE DYSFUNCTION

Dhasanai Suriyachan

Armed Forces Research Institute of Medical Sciences, Rajvithi Road, Bangkok 10400, THAILAND

ABSTRACT

The underlying rationale behind pharmacotherapy of erectile dysfunction is to employ drugs
that impair contraction or augment relaxation of the cavernous smooth muscle. At present, however,
drugs that produce latter effect are more popular than the other. Among these, transurethral alprostadil
(synthetic PGE, ; MUSE®) and sildenafil (Viagra®) are widely used for the treatment of erectile
dysfunction. Transurethral administration of alprostadil at doses ranging from 125-1000 pg is effective
in about 60% of patients regardless of the etiology of erectile dysfunction. The most common adverse
event reported in approximately 30% of patients was penile pain. This pain was usually mild and only
sinall proportion of patients discontinued the treatment because of it. Minor urethral trauma was found
as high as 5% in some reports dvue to inappropriate adminisiration technique. Such events can be
minimized by proper counseling. Other side effects occurred in less than 5% of patients include
dizziness and hypotension. Prolonged erection and penile fibrosis were rarely observed. Since the U.S.
FDA approval in November 1996, approximately 1.0 million prescriptions for transurethral alprostadil
have been filled. The average patient age is 60 years, and approximnately 44% of patients have
cardiovascular disease. Only one death in association with alprostadil has been reported to the U.S.
FDA compared with 30 deaths in patients using sildenafil. More than 2.5 million prescriptions for this
drug have been written since its approval by the U.S. FDA in March 1998. Therefore, the exposure-
adjusted incidence of drug-associated death with alprostadil seems to be lower than that reported for
sildenafil. Reasons for this apparent discrepancy remain unclear. From efficacy and safety standpoint,
transurethral alprostadil should be considered as one of the therapeutic options for erectile dysfunction.
Key words : erectile dysfunction, alprostadil, sildenafit

Address _correspondence and reprint requests to: Col, Dhasanai Suriyachan PhD, AFRIMS, 315/6
Rajvithi Road, Bangkok 10400, THAILAND
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MOLECULAR MECHANISMS OF OPIOID AND ALCOHOL DEPENDENCE
: RATIONALE FOR THE TREATMENT BY NALTREXONE

Borpit Klangkalya

Departiment of Pharmacology, Pramongkutklao College of Medicine, Bangkok, THAILAND

ABSTRACT

The mechanisms in opioid addiction and dependence involve ceilular adaptations at several
possible steps in the balance between opioid and other neurotransmitter systems in the brain. Several
lines of evidence indicated that the noradrenergic system at the locus coeruleus may play pivotal role in
these adapiations. The uses of opioid antagonist, naltrexone, in the treatment of opioid dependence
have been widely practiced for more than 2 decades. The rationale for iis efficacy in preventing relapse
is strongly supported by scientific evidence, but major limitations are due to low patient compliance.
The roles of psychotherapeutic methods in improving patient compliance must be emphasized in the
therapeutic program. Another therapeutic indication of nalirexone is for the ireatment of alcohol
dependence. This theory has based on rather new evidence on the interactions between alcohol and
several neurotransmitter systems, including opioid and dopainine. Nalirexone reverses alcohol effects
on opioid recepiors, dopamine release, reinforcing mechanism, euphoria, craving, and finally reduces
relapse and helps patients remain abstinent for longer period of time. The use of naltrexone, thus, could
be an effective therapy for alcoholism, providing thal psychosocial treatient programs are fully
supported.

Key words : nalirexone, opioid dependence, alcohol dependence.
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NEW DRUGS

Montelukast: A new anti-asthmatic drug as cysLT, receptor antagonist
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Estrogen complements
cardiovascular risk reduction of
statins in postmenopausal women

Estrogen therapy improves markers of
fibrinolysis and vascular inflammation when
added to simvastatin in hypercholesterolemic
posimenopausal women. In a prospective
study, 28 hypercholesterolemic postmeno-
pausal women were randomized to receive
either 0.625 mg conjugated equine estrogen,
q.d., 10 mg simvastatin, g.d. or a combination
of the two for 6 weeks. Levels of plasminogen
activator inhibitor-1 and cell adhesion
molecule E-selectin, markers of fibrinolysis,
inflammation and platelet aggregability, and
levels of total cholesterol, HDL and LDL were
measured. Estrogen therapy alone or in
combination with simvastatin significantly
raised HDL. level to a greater extent than the
statin alone. Estrogen alone or in combination
with simvastatin lowered plasma levels of
plasminogen activator ichibitor-1 and cell
adhesion molecule E-selectin. A combination
of estrogen and simvastatin lowered LDL
cholesterol to a greater degree than either
therapy alone. The findings suggest that
estrogen therapy may provide vasculo-
protective benefit 1o hypercholesterolemic
postmenopausal women, even if they are
already on statin therapy,

[Circulation 1999, 99: 354-360]

DNA vaccination activates dendritic
cells to initiate immune response in
mice

DNA vaccination transfects only a few
dendritic cells, but this leads to general
activation of dendritic cells and to long-lasting
CD4 T cell responses in mice. The vaccine
coded for the fifth component of complement,

C5, a protein that is not secreted by transfected
cells. The investigators detected C5 in
keratinocytes in the ears of mice and in
approximately 2% of dendritic cells within
draining lymph nodes of 5.4-vaccinated mice.
In mice vaccinated with empty vector, no
dendritic cells expressed C5. The antigen-
expressing dendritic cells presumably migrated
from the site of DNA application to the
draining lymph nodes. In the spleen of 5.4-
vaccinated mice, frequencies of C5-specific T
cells peaked 4 weeks after vaccination and at
40 weeks were stiil greater than in untreated
controls. Although DNA vaccination results in
direct fransfection of only a wvery small
proportion of dendritic cells, it leads to general
activation of all found in the draining lymph
nodes, thus providing optimal conditions for
effective T cell activation. In 5.4-vaccinated
mice, the scientists detected C5 in
keratinocytes for up to 12 weeks, but in
dendritic cells from draining lymph nodes they
detected C5 for no longer than 2 weeks. When
they injected fransgenic lymph node T cells
into mice that had been immunized with the
54 vaccine 20 days before, the T cells
remained unactivated, These latter fndings
propose that there is no long-lived source of
antigenic material present. It seems that DNA
vaccination can induce memory CD4 T cells
that can be long-lived without repeated
antigenic stimulation. These may lie in optimal
activation and expansion of most antigen-
specific T cell precursors, rather than in long-
term storage of antigen leading to periodic
restimulation.

[J Exp Med 1999; 189: 169-177]

Gene linked to smoking behavior

Researchers have found a gene that appears to
influence an individual's risk of starting to
smoke and of becoming addicted to nicotine.
The findings may lead to more effective
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smoking cessation therapies tailored io a
smoker's penetic makeup. Study of 289
smokers and 233 nonsmokers showed that
people who had the dopamine fransporter gene
SLC6A3-9 were less likely to smoke, or if they
did, they tended to start later and found it
easier 1o give up than those who lacked the
gene. People with this particular gene were 1.5
times more likely to quit smoking than people
who did not carry it. This gene was associated
with lower levels of a personality trait called
"novelty seeking", which was thought to be
modulated by dopamine and had been linked
to cigarette smoking behavior. Those with low
levels of novelty seeking had an easier time
giving up cigarettes than those with high levels
of novelty seeking. The study authors
concluded that a fuller understanding of the
genetics of cigarette smoking behavior could
lead to more effective, targeted pharmaco-
logical and psychoeducational cessation
sirategies that took such individual differences
into account.

[Health Psychology 1999; 18: 7-13,14-20]

Adding etanercept to methotrexate
improves rhenmateid arthritis

In patients with rheumatoid arthritis whose
signs and symptoms are not controlled with
methotrexate, thie addition of etanercept, a
genetically engineered recepior-fusion protein,
binding and inhibiting tumor necrosis facior,
and blocking the inflammatory process in
rheumatoid arthritis, is safe and results in
clinically significant reductions in disease
activity. The study involved 75 women and 14
men who had active rheumatoid arihritis,
average duration 13 years, despite treatment
with oral or subcutaneous methotrexate for at
least 6 months., For the 4 weeks prior to the
study, the patienis had been receiving a stable
dose of 10 to 25 mg per week. In a double-
blind protocol, the investigators randomly
assigned 59 patients to receive twice-weekly
injections of etanercept, 25 mg per dose, and
30 patients to receive placebo injections. All
patients continued to receive the same dose of
methotrexate. After 6 months of treatment, at
feast a 20% reduction in various measures of
disease activity, specified by the American
College of Rheumatology (ACR), in 71% of
the patients who received combination therapy,
versus 27% of those who received
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monotherapy. The study group observed a
50% reduction in disease activity in 39% and
3% of the groups, respectively, and a 70%
reduction in 15% and 0%, respectively. The
FDA has specified that improvement of at least
70% according to the ACR criteria constitutes
a "major clinical response”. Toxicity in the
short-term study was minimal, and except for
mild injection-site reactions, there were no
significant differences between the groups
with regard o adverse events. Specifically,
gastro-intestinal side effects, hematologic
effects, and headaches were not increased by
the addition of etanercept. Additional research
is needed to determine whether etanercept is
an appropriate initial therapy for rheumatoid
arthritis and to identify the patients who will
benefit most,

[N Engl J Med 1999 340: 253-259, 310-312]

Vaccine reduces colon cancer
recurrence

An experimental vaccine reduced the risk of
tumor recurrence in some patients who had
undergone surgery for colon cancer. The study
involved 254 patients with stage II (the cancer
had spread through the bowel wall but not
further) and stage Il (the cancer had spread
through the bowel wall to focal lymph nodes)
colon cancer. Following surgery to remove
their tumors, half of the patients were given
the experimental vaccine as part of a procedure
called “active specific immunotherapy"
because it was made using cells from a
patient's own tumor. The other half of the
group of patients did not receive the vaccine.
The vaccine was administered once a week for
three weeks shortly after surgery, and once
more six months later. The researchers
reported that after a median follow-up of 5.3
years, patients who received the vaccine had
an overall 44% reduction in risk of recurrence
of the cancer. The greatest reduction in
recurrence rate was seen in patients with stage
11 cancers. In these patients, those who
received the vaccine had a significantly longer
recurrence-free period, and 61% risk reduction
for recurrences and showed a trend towards
improved overall survival, The vaccine had
little effect on the recurrence rate in patients
whose disease had progressed to stage IIl. In
addition, it did not have an effect on overall
survival in patients who received it, but this
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might have been partly due to deaths from
other diseases, such as heart disease, in the
group studied. The side effects of the vaccine
were minimal, and appeared to contribute to a
better quality of life in the patients who
received it. The investigators estimated that
use of the vaccine in addition to adjuvant
chemotherapy could provide benefit over
surgery alone in more than 90% of colon
cancer patients (64% stage II, 30% stage 1I).
One drawback to the procedure was the
requirement for a high-quality vaccine-
manufacturing center that could make the
vaccine from the individual's tumor.

[Lancer 1999, 353 345-350]

AHA: too early to recommend
antioxidant supplements

Although epidemiologic evidence suggests that
diets rich in antioxidants can reduce heart
disease risk, it is still too early to recommend
the use of antioxidant supplements for the
general public, according to American Heart
Association (AHA)  officials.  Primary
prevention trials examining beta carotene,
vitamin E, and vitamin C supplements have
produced mixed results about reduction in
heart disease risk. In the Nurses' Heatth Study,
more than 85,000 women followed for
approximately 8 years revealed a relative risk
of major coronary disease of 0.66 for women
with the highest vitamin E consumption
compared with those with the iowest vitamin E
consumption. Lower risk was associated with
levels of vitamin E intake that were achievable
only by supplementation. Subsequent analyses
revealed a 43% lower risk in vitamin E
supplement users versus nonusers and an
inverse relationship between risk and duration
of supplement use. Primary prevention trials
have not uncovered similar benefits. In the
Alpha-Tocopherol  Beta-Carotene  Cancer
Prevention Study, researchers found no
reduction in risk of lung cancer or major
coronary events in more than 29,000 male
smokers who took daily doses of vitamin E,
beta-carotene, or both. Similarly, investigators
found no reduction in cancer or heart disease
risks with beta-carotene suppiementation in the
Physician's Health Study, which followed
more than 22,000 US physicians for 12 years.
The evidence was much stronger among
patients with established heart disease. in the
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Cambridge Heart Antioxidant Study, the risk
of myocardial infarction was reduced by 77%
and the risk of all cardiovascular events was
reduced by 47% among patients who received
high doses of alpha-tocopherol. In view of
these findings, the most prudent and
scientifically supportable recommendation for
the general population is to consume a
balanced diet with emphasis on antioxidant-
rich fruits and vegetables and whole grains.
Although diet alone may not provide the levels
of vitamin E intake that have been associated
with the lowest risk in a few observational
studies, the absence of efficacy and safety data
from randomized trials precludes the
establishment of population wide recommen-
dation regarding vitamin E supplementation.

[Circulation 1999, 99: 591-595]

BRCA1/2 gene mutations unrelated
to survival in women with breast or
ovariamn cancers

New evidence adds to the controversy
surrounding the effects of BRCA1 and BRCA2
mutations on survival in women with breast
and ovarian cancers, and suggests that survival
is similar in women with and without the
mutations. The researchers examined survival
after breast or ovarian cancers among BRCA1
and BRCA2 mutation carriers and noncarriers
in Jewish women in a community of
Ashkenazi. They tested more than 5,300
women for three specific mutations and
interviewed them regarding carrier status and
survival of first-degree relatives who had been
diagnosed with one of the two cancers. Among
50 mutation carriers, 58 of their first-degree
relatives had been diagnosed with breast
cancer and 10 with ovarian cancer, and among
907 noncarriers in the population, the
corresponding numbers were 979 and 116.
Median survivals with breast cancer among the
relatives of carriers and noncarriers were 16
years and 18 years, respectively, a difference
that did not reach statistical significance.
Survival with ovarian cancer also did not
appear to be affected by BRCAl or BRCA2
mutation carrier status, The findings suggested
that BRCA1 and/or BRCA2 mutation carrier
status did not have a major impact on overali
survival time among patients with breast or
ovarian cancer, They concluded that screening
for the mutations would not contribute
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prognostic information about survival among
these patients.

[Journal of the National Cancer Institute
1999, 91: 201-203, 259-263]

Repeated transfections of human hepatocyte
growth factor (HGF) gene into the skeletal
muscles of rats, using the hemagglutinating
virus of Japan (HVJ) as a carrier, can produce
complete resolution of liver cirrhosis. Rats
were induced pathological changes similar to
those of human liver cirrhosis by injection of
dimethylnitrosamine. Beginning 4 weeks later,
the rats were injected weekly with saline or
with 10 or 20 mg of HGF-HVJ liposomes.
Gene therapy increased the plasma levels of
human HGF as weil as endogenous rat HGF, It
inhibited plasma levels of transforming growth
factor beta-1, which according to the research
team induced liver fibrosis, inhibited the
growth of hepatocytes and induced apoptosis.
Quantitative analysis of fibrosis by image
analysis techniques showed a more than 70%
reduction of fibrosis after HGF-HVJ liposome
treatment.  Hepatocyte  apoptosis  was
suppressed in HGF-transfected rats, and
immunochistochemical staining showed that
47% of hepatocytes were mitotic. Transfection
also improved survival from 34 days of
untreated rats to 43 days of transfected rats
with 20 mg of HGF DNA. In nine rats that
were transfected with 40 mg of HGF DNA,
liver cirrhosis resolved completely within 50
days after the start of the dimethylnitrosamine
injection.

[Nat Med 1999; 5: 226-230]

Digoxin plus atenolol offers best
control of chronic atrial fibrillation

The combination of digoxin and atenolol
provides better stabilization of heart rate in
patients with chronic atrial fibrillation than
either drug alone, diltiazem alone or diltiazem
plus digoxin. The finding comes from a
crossover comparison of the five regimens in
12 patients with chronic atrial fibrillation. For
single-drug therapy, diltiazem provided the
worst control of ventricular heart rate, while
atenolol offered the best control. Atenolol plus
digoxin offered the best overall results,
reducing the average daily ventricular rate to
only 65 compared with 75.9 and 78.9,
respectively, for atenolol alone and digoxin
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Hepatocyte growth factor gene
therapy treats liver eirrhosis in rats

alone. The two drugs appeared to work
synergistically. Digoxin faverably modulated
the parasympathetic nervous system, while
atenolol blocked the effect of the sympathetic
nervous system, which drived the heart rate.
This synergism resulted in almost ideal control
of the heart. The study showed that, while
digoxin remained the first-line therapy for
chronic atrial fibrillation, it was among the
least effective drugs for this indication when
used alone. Data provided a rational basis for
the choice of a pharmacologic regimen for rate
control in atrial fibrillation and an approach
for defining the significance of various
regimens for preventing the deterioration of
ventricular and left atrial function.

[J Am Coll Cardiol 1999; 33: 304-310]

Possible new vaccine fights malaria
throughout its life cycle

A team of researchers has discovered a
possible new way to vaccinate against malaria,
one of the world's biggest killers. Creating a
vaccine is crucial because the parasite has
begun developing resistance to drugs used to
treat malaria, and even mosquitos that spread
the disease are withstanding pesticides. But
finding a malaria vaccine has proved
exceptionally difficult and failed because most
vaccines focused on just one part of the
malaria parasite’s complex life cycle. The
investigators have created a multipronged
vaccine designed to make the immune system
fight the parasite at many stages, i.e., when the
mosquito bite sends it inio the body, when it
invades the liver and when infection moves
into the bloodstream. Antigens corresponding
to the sporozoite, liver, erythrocytic asexual,
and sexual stages were constructed as a
synthetic gene that encoded for 12 Bcell, 6 T
cell proliferative, and 3 cytotoxic T lympho-
cyte epitopes derived from 9 stage-specific P.
falciparum. Immunization in rabbits with the
purified protein in the presence of different
adjuvants generated antibody response that
recognized vaccine antigen, linear peptide
contained in the vaccine, and all stages of P.
falciparum. A multicomponent, multistage
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malaria vaccine can induce immune response
that inhibits parasite development at muitiple
stages. The rational and approach used in the
development of a multicomponent P. falcipa-
rum vaccine will be useful in the development
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of a multispecies human malaria vaccine and
vaccine against other infectious diseases.

[Proc Nail Acad US4 1999, 96: 1615-1620]
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