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Abstract 

The leaves of Ne/11111bo 11ucifera Gaer/11. (N. 1111cifera) have been used in traditional 
medicine for antihypertensive purpose. Scientific evidence regarding its hypotensive activity 
has not yet been documented. The present study was undertaken to evaluate chronic and acute 
effects of the crude leaf extract of N. 11ucifera (ENN) on blood pressure in rats. Hypertension 
was produced by constriction of left renal artery in male Sprague-Dawley rats. Systolic blood 
pressure (SBP) was measured weekly by a tail-cuff plethysmography. After being established 
in hypertensive state, rats were divided into 4 groups: non-treated, and treated with ENN 100, 
400, and 800 mg/kg/cl. In the treated groups, rats were fed with ENN daily for 3 weeks. It was 
found that the SBP of control and ENN 100 mg/kg/cl treated group slightly increased by 2-6 
% from initial values during the period of observation. In comparison, in the last two weeks of 
treatments, ENN 400 and 800 mg/kg/d significantly lowered SBP by 8-9% and 5-11 % from 
initial values respectively (P<0.05 vs control). The heart rate (HR) was not significantly 
different between groups over the test period. The hypotensive activity of ENN was 
confirmed in normotensive rats by acute intravenous administration at doses of 0.1 and l 
mg/kg. Arterial blood pressure and HR were monitored from carotid arte1y. It was found that 
ENN caused a rapid and significant decrease in systolic and diastolic blood pressure (DBP) in 
a dose-dependent manner (P<0.05 vs initial BP). The hypotensive effects of ENN 1 mg/kg 
were completely blocked by a 13-adrenergic blocker, atenolol (5 mg/kg), but not by a ganglion 
blocking agent, hexamethonium (3.5 mg/kg). The HR showed significant increase after ENN 
administration (P<0.05 vs initial HR). Atenolol produced a complete blockade on the 
chronotropic effect of ENN (1 mg/kg), whereas hexamethonium exhibited no inhibition. In 
conclusion, the present study showed that ENN e licited antihypertensive effect in 
hypertensive rats. It also exerted acute hypotensive and positive chronotropic effects which 

may be mediated through vascular and cardiac 13-aclrenergic receptors. 

Key words : Ne/11111bo 11ucifera Gaertn., blood pressure, hypotens ive activity, 
antihypertensive effect, chronotropic effect, hypertensive rats. 

Address correspondence and reprints: Petcharat Trongtorsak, Ph.D., Department of Medical Science, Faculty of 
Science, Burapha University, Chonburi 20131, Thailand., Tel 038-745900 ext 3166, 
Fax 038-393497, Email petchara@buu.ac.th. 
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Introduction 

Ne/11111bo 1111cifera Gaertn. (Nymphaeceae), 
known locally as "Bou Laung", is an aquatic herb 
distributed throughout Asia. Various parts of N. 
1111cifera have been employed for medicinal 
proposes in traditional medicinc1

• Also numerous 
studies have been addressed its pharmacological 
actions. The rhizome extract exhibited diuretic2

, 

anti-inflanunatory3, and hypoglycemic activities4
. 

The stalk extract showed antipyretic action in a 
model of yeast-induced fever in rats. The seed 
extract elicited hepatoprotective effect and 
antioxidant activity. Moreover, the extract of 
embryo, consisting of methylcoclaurine alkaloid6 

, 

was shown to decrease blood pressure in rat and 
produce vasorelaxant effect in isolated aortic ring7 

• 

Previous study identified the alkaloid and flavonoid 
contents in N. 1111cifera leaves, and two 
benzylisoquinoline alkaloids, coclaurine and 
norcoclaurine, were isolated8

. There is also 
evidence that coclaurine derivatives exhibited a 
vasorelaxant property. These raise a possibility that 
N. 1111cifera leaves may possess hypotensive effect. 

In Thai folk medicine, the decoction of N. 
1111cifera leaves has been used for a treatment of 
hypertension 1. However, pharmacological evidence 
support ing its blood pressure lowering property has 
not yet been provided. Therefore, the present study 
was carried out to investigate the antihypertensive 
effect of N. 1111cifera leaf extract in renovascular 
hypertensive rats and its hypotensive effect in 
normotensive rats. 

Material and Methods 

1. Preparation of Plant Extract 
N. 1111cifera leaves were collected during 

December 2003 - January 2004 from Chonburi 
province in east Thailand and identified by 
Associate Professor Nantana Tanwatanakul, 
Burapha University. A voucher specimen has been 
kept for future reference at the Department of 
Medical Science, Faculty of Science, Burapha 
University. The leaves were cut into small pieces, 
and then dried at constant temperature 60°C for 3 
hours. The dried leaves of N. 1111cifera (50 g) were 
boiled in 5% ethanol for 10 min, and the decoction 
was filtered. Then the filtrate was concentrated by 
rotary evaporator. Finally, the concentrate was 
freeze-dried to yield a dark brown extract of 
approximate 19% w/w. The extract of N. 1111cifera 
leaves (ENN) was kept in a vacuum desiccator until 
use. 

2. Animals 
Experiments were conducted following 

the recommendations of the Thai Code of Practice 
for the Care and Use of Animals for Scientific 
Purposes, and with the approval of the Animal 
Experimentation Ethics Conunittee of Burapha 
University. Male Spraque Dawley rats were 

5 

obtained from the National Laboratory Animal 
Center, Mahidol University. Rats were housed two 
per cage in the animal facili ty of Burapha 
University. Rats were fed with a standard rat chow 
ad Iibitum and maintained at 25°C under a 12-hour 
light/dark cycle. 

3. Evaluation of Antihypertensive Effect 
3.1 Co11scio11s blood pressure measurement 

Systolic blood pressure (SBP) was 
measured in conscious rats by a tail-cuff method as 
previously describedJO. Briefly, rats were warmed 
with 60 watt lamp for 3-5 min, and then rats were 
gently wrapped with a towel. An automatically 
inflated-deflated cuff pressure with a 
plethysmograph (HTC Life Sciences; Woodland, 
CA) was place around the proximal portion of the 
tail for detection of arterial pulsation. The tai l-cuff 
was connected to an interface for computer data 
acquisition (model MPlOO, BIOPAC Inc., Santa 
Barbara, CA). SBP was identified at the first 
appearance of arterial pulse during the deflation of 
1he tail-cuff. Three to four values of SBP were 
averaged to obtain a pressure value for each animal 
every daily recording session. The overall mean for 
2-3 consecutive day pressure recording was 
determined for each rat. 
3.2 llld11ctio11 of hypertension and treat111 e11ts 

Male rats (7-8 weeks) were used for renal 
artery constriction to produce hypertensive state 
according to methods described previously with 
some modification11

• SBP were measured 2-3 days 
before operation by the tail-cuff method. Ral was 
anesthetized with pentobarbital sodium (Ceva Sante 
Animate) 45 mg/kg intraperitoneally. The middle 
laparotomy was performed and left renal artery was 
exposed. The renal artery was tied firmly over a 
stainless wire (0.3 mm external diameter) placed 
against the free wal l. The wire was then removed, 
leaving a constriction equal to the outer diameter of 
the wire. The rat gradually developed hypertension 
at week 3 after surgery, and the steady hypertensive 
state was achieved at week 5-6. After establishing 
hypertension, SBP of hypertensive rats were 
measured as initial values prior to treatments. 

The hypertensive rats were assigned to 
four groups (5-8 rats per group) as follow: (1) non­
treated control, (2) ENN I 00 mg/kg/d, (3) ENN 400 
mg/kg/d, (4) ENN 800 mg/kg/d. ENN was 
dissolved in water and given to the hypertensive 
rats daily by oral feeding for three weeks. The SBP 
of all groups were examined weekly and compared. 

4. Evaluation of Acute Hypotensive Effect 
4.1 Animal preparation 

Male rats (350-400g) were anaesthetized 
with pentobarbital sodium 45 mg/kg 
intraperitoneally. Anaeslhesia was suslained with 
acepromazin-maleate (Ceva Sante Animate) 0.35 
ml/kg intramuscularly whenever necessary. The 
trachea was intubated with a polyethylene tube (PE 
200) to facilitate respiration and remove a irway 
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secretion by suction during experimentation. A 
polyethylene tube (PE 35) filled with heparir~zed 
saline (50 unit/ml; Leo Pharmaceutic) was inserted 
into the carotid artery for blood pressure (BP) and 
heart rate monitoring by a pressure transducer 
(BIOPAC Inc.) interfaced to a computer recording 
system (MPIOO acquisition unit, BIOPAC Tnc.) The 
left femoral vein was cannulatccl for drug 
administration. The body temperature was 
maintained in the range of 36.5 - 37.0°C 
throughout the experimental period. After 
operation, rats were allowed to establish steady 
state condition for 45 min. 

4.2 Experimental protocols 

ENN was prepared as a solution in normal 
saline and filtered. The filtrate of ENN 0.5 ml al 
doses of 0.1 or I mg/kg was injected via the 
femoral vein. The BP and heart rate were 
continuously monitored until stable. The other sets 
of experiments were designed to examine the basic 
mechanism of ENN on BP. Atenolol <P-adrenergic 
receptor antagonist; Sigma) 5 mg/kg or 
hexamethonium (ganglionic blocking drug; Sigma) 
3.5 mg/kg was administered through femoral vein 
2-3 min prior to injection of ENN I mg/kg. The 
systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and heart rate (HR) was monitored 
before and after each drug administrat ion. 

5. Data Analysis 

SBP, DBP and HR were calculated from 
the pressure waves as percentages of values before 
treatment or before drug administration (%initial 
value), and expressed as mean±SEM. Statistic 
analysis was performed by one-way ANOV A 
followed by LSD for post-hoc test. A P-value of 
<0.05 was considered significant. 

Results 

Chronic eff ects 011 systolic blood press11re and 
heart rate 

Rats were established in steady 
hypertensive stale after renal artery constriction for 
6 weeks. The SBP at week 6 was significantly 
higher than that of before surgery (P <0.05), 
whereas the HR was comparable (table I). The 
result confirms that renal artery ligation can 
produce hypertension. 

Figure I illustrates the SBP of non-treated 
control rats and hypertensive rats treated with ENN 
over the 3-week period of experiment. The SBP of 
control and ENN JOO mg/kg/d treated group were 
not significantly different , and slightly increased by 
2-6% during the period of observation. The results 
indicate that ENN JOO mg/kg/d is not an effective 
dose for lowering BP. Then the doses of ENN were 
increased up to 400 and 800 mg/kg/cl. Tt was found 
that after I weeks of treatment, the SBP of ENN 
400 mg/kg/d treated group was significantly lower 
than those of the former two groups (P<0.05), and 
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ENN 800 mg/kg/cl caused a nonsignificant decrease 
in SBP. At week 2 and 3 of treatments, ENN 400 
and 800 mg/kg/d produced a considerable reduction 
in SBP by 5-11 % which were significantly lower 
than those of control and ENN 100 mg/kg/d treated 
group (P<0.05). In addition, ENN at all tested doses 
did not cause any signi ficant change in HR during 
the experimental period (Fig 2). 

Ac11te effects 011 blood press11re and heart rate 

The hypotensive effect of ENN was 
further evaluated in anaesthetized rats. A bolus 
intravenous injection of ENN 0.1 or I mg/kg 
caused an abrupt and dose-dependent reduction in 
both SBP and DBP. The hypotension was observed 
in a longer period at dose of I mg/kg, and ENN 
showed a more pronounced effect on DBP than on 
SBP as illustrated in Fig 3A. At the maximum 
effect of ENN 0.1 and I mg/kg, DBP was decreased 
by 30% and 45 % respectively. In comparison, 
ENN al the same doses caused a reduction in SBP 
by 18% and 27% respectively (Fig 4). HR at the 
maximum hypotensive effect of ENN were 
increased approximately I 0% at 0.1 mg/kg and 
14% at I mg/kg (Fig 5). 

Hexamethonium (3.5 mg/kg) was 
employed to inhibit the central autonomic 
discharge. Intravenous injection of hexamcthonium 
slightly decreased BP and increased HR. Upon 
ganglion blocked by hexamethonium, ENN 
(I mg/kg) still produced a potent hypotensive effect 
which lowered SBP of 23% and DBP of 41 % with 
respect to the values prior to ENN injection (Fig 4). 
In addition, HR at the time of maximum effect of 
ENN was increased by 19% (Fig 5). The further 
study was performed by blocking the cardiac and 
vascular P-adrenergic receptors with atenolol (5 
mg/kg) before ENN (I mg/kg) injection. The 
depressive effects of ENN on SBP and DBP were 
completely blocked by atenolol (Fig 3B). The SBP 
and DBP in the response to ENN ( I mg/kg) with 
atenolol were significantly higher than those of 
ENN 0. J and I mg/kg, and ENN with 
hexamethonium (P< 0.05; Fig 4). In the present of 
atenolol, ENN 1 mg/kg could not cause an increase 
in HR (Fig 5). The HR in response to ENN 
(lmg/kg) with atenolol was significantly lower than 
those of ENN 0.1 and I mg/kg, and ENN with 
hexamethonium (P< 0.05; Fig 5). 

Discussion 

The current study demonstrated that 
chronic treatment with ENN caused a reduction in 
SBP in renovascular hypertensive rats. Moreover, 
acute administration of ENN to normotcnsive rats 
produced decrease in SBP and DBP, as well as an 
increase in HR. All the acute effects of ENN were 
blocked by a P-adrenergic receptor blocker 
(atenolol), but not by a ganglionic blocking drug 
(hexamethonium), suggesting that its may have 
direct vascular and cardiac effects mediated via the 
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Ta ble 1 The systolic blood pressure (SBP) and heart rate (HR) before and after renal artery constriction at 
week 6. BPM, beats per min; values are mean±SEM. Student's t test, •P<0.05 vs before renal 
artery constriction. 
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Figure 1 The systolic blood pressure (SBP) of non-treated control and hypertensive rats treated with ENN at 
the time period of treatment. Data are expressed as percentage of initial SBP prior to treatments. 
Values are mean± SEM. •P<0.05 vs control, +P<0.05 vs ENN 100 mg/kg 

1 3 0 
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Figure 2 The heart rate (HR) of non-treated control and hypertensive rats treated with ENN at the time 
period of treatment. Data are expressed as percentage of initial HR prior to treatment. Values are 
mean ± SEM. 
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120 mmHg 
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Figure 3 Blood pressure records in responses to ENN 1 mg/kg (A) and ENN I mg/kg after atenolol (5 mg/kg) 
administration (8) 
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Figure 4 The acute effects of ENN on systolic blood pressure (SBP) and diastolic blood pressure (DBP). 
Data are expressed as percentage of initial value before ENN administration. (n=6-9). 
Values are mean±SEM. ' P<0.05 vs atenolol + ENN 1 mg/kg, +P<0.05 vs ENN 0.1 mg/kg. 
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Figure 5 The acute effect of ENN on heart rate (HR). Data are expressed as percentage of initial HR before 
ENN administration. (n=6-9). Values are mean± SEM. *P<0.05 vs atenolol + ENN l mg/kg 
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the P-adrcnergic receptors. 
The antihypertensive effect of ENN was 

demonstrated in renovascular hypertensive rats 
induced by renal artery constriction. The modified 
technique used to constrict the renal artery in this 
study was reproducible. All rats progressively 
developed hypertension within 5-6 weeks after 
surgery, which is consistent with other rcports12

•
13

. 

The hypertensive rats were daily treated with ENN 
for three weeks. The antihypertensive effect of 
ENN was observed at doses of 400 and 800 
mg/kg/d, but not at JOO mg/kg/d. However, ENN 
400 and 800 mg/kg/d could not lower the SBP in a 
dose-dependent manner, probably due to the 
difference in the severity of the hypertensive state. 
In the non-treated control and ENN JOO mg/kg/d 
treated, the high blood pressure was maintained 
through out the three week period of observation, 
confirming the antihypertensive effect of ENN of 
the two higher doses. 

Intravenous administration of ENN to 
normotensive rat caused a rapid and transient 
reduction in blood pressure which was sustained for 
I min, and HR was increased at the maximum 
effect of ENN. To further gain insight into the 
hypotensive mechanisms of ENN, hexa mcthonium 
was used to block the ganglionic neurons, 
transm1tt111g the central impulses from 
hypothalamus and brain stem centers to the blood 
vessels14

• It was found that hexamcthonium could 
not inhibit the effects of ENN on the blood 
pressure, suggesting that ENN may not act on the 
central nervous system. In addition, the increase in 
HR after ENN injection seems unlikely to be due to 
reflex tachycardia in response to the decrease in BP 
s ince it remained unaffected by hexamethonium, 
suggesting that ENN may have a di rect positive 
chronotropic effect. This notion was confumed in 
isolated rat atria, and both positive inotropic and 
posit ive chronotropic effects of ENN were 
obviously observed 15

• Another mechanism 
responsible for the hypotensive effect of ENN 
would be the direct vascular action since most 
antihypertensive drugs decrease BP by reducing 
peripheral vascular tone16. It is well known that the 
P-adrenergic receptors participate in blood pressure 
and blood flow regulation by causing 
vasorelaxation17

. Evidence has been provided that 
N. 1111cifera leaf extract accelerated lipolysis in 
adipocytes via P-adrenergic receptors18

• Atenolol 
was then employed to block the cardiovascular P­
adrenerg ic receptors. It was shown that atenolol 
completely inhibit both hypotensive and 
chronotropic e ffects of ENN. Atenolol appears to 
have low lipid solubility which limited its blood 
brain barrier penetration19, so most of its blocking 
effects are at the peripheral si tes. Moreover, current 
study found that the effects of ENN could not be 
inhibited by a muscarinic receptor antagonist, 
atropine (data not show). This finding indicates that 
ENN may have direct vasorelaxant and positive 

9 

chronotropic effects mediated via the vascular and 
cardiac 13-adrenergic receptors. 

A number of alkaloid and flavonoid 
constituents in N. 1111cifera leaves have been 
reported8

• 
20

• Two alkaloids isolated from its leaves, 
asimilobine and lirinidine, was demonstrated to 
inhibit contraction of rabbit aorta induced by 
scrotonin2 1

• Coclaurine, found in N. 1111cifera 
lcaves8

, was shown to relax uterine smooth 
muscle22 and its derivative exhibited vasorelaxant 
effect on aortic rings9. Therefore, it is likely that 
multi substances in N. 1111cifera leaves might come 
into play in lowering the blood pressure through 
their vasodilatory effects upon vascular smooth 
muscle. The observat ion of antihypertensive effect 
of ENN in the present study may not be exclusively 
due to its direct vascular effect. The diuretic effect 
might be the other possible mechanism of its 
antihypertensive action, since the rhizome extract 
of this plant has been reported to increase urine 
excrction2

• Precise mechanism by which ENN 
produces its blood pressure lowering effect requires 
further investigation. 

In conclusion, the present study showed 
that ENN elicited antihypertensive effect in 
hypertens ive rats. It also exhibi ted acute 
hypotensive and positive chronotropic effects 
which may be mediated through vascular and 
cardiac 13-adrenergic receptors. 
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Abstract 

II 

The bioequivalence study of 1-g ceftazidime IM injection (Cef-dime®) manufactured 
by Millimed Co., Ltd, relative to the innovator' s product (Fortum®) was studied in 24 healthy 
Thai male volunteers. Each subject received a single dose of 1-g IM injection of both products in 
a randomized two-way crossover design. Blood samples were collected at appropriate time 
interval and they were quantified for ceftazidime contents by HPLC. Individual plasma 
ceftazidime concentration-time profile was analyzed for relevant pharmacokinetic parameters; the 
peak plasma ceftazidime concentration, Cmm the time to peak plasma ceftazidime concentration, 
tmax. and the area under the plasma ceftazidime concentration-time curve, AUC0 •1 and AUC O-«>· 

Analysis of the data revealed that difference of t111ax mean was 3.48%. The 90% confidence 
interval for the differences of Cmax. AUCo.1 and AUCo.(I) means of Cef-dime® relative to the 
innovator's product based on Ln-transformed data were within 80-125%. Power of the test was 
greater than 80%, referring, the two products were bioequivalent in terms of both the rate and the 
extent of drug absorption into systemic circulation. 
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httroduction 

Ceftazidime is a semisynthetic, third generation 
cephalosporin antibiotic. Like cefotaxime and 
ceftriaxone, ceftazidime is a parenteral 
aminothiazolyl cephalosporin. This aminothiazolyl 
side chain enhances antibacterial activity, particularly 
against Enterobacteriaceae, and generally results in 
enhanced stability against P-lactamase. Ceftazidime is 
bactericidal in action. This results from inhibition of 
mucopeptide synthesis in the bacterial cell wall 1. 

Ceftazidime is not absorbed from the GI tract 
and must be given parenterally. Following IM 
administration of a single 1-g dose of ceftazidime in 
healthy adults, peak serum concentrations of the drug 
are attained approximately I hour after the dose and 
average 29-39 µg/mL. Ceftazidime is widely 
distributed into body tissues and fluids with volume 
of distribution at steady state averages 0.18-0.31 Ukg 
in healthy adults. It is 5-24% bound to serum 
proteins. Ceftazidime is not metabolized and is 
excreted unchanged principally in urine by 
glomerular filtration. The elimination half-life is 1.4-
2 hours1

• Ceftazidime is used for the treatment of 
various infections. The usual adult dosage is 1 g 
given IV or IM every 8 or 12 hours.The maximum 
dosage is 6 g daily. In patients with renal 
impairment, doses and/or frequency of administration 
of the drug should be modified1

• Ceftazidime is well 
tolerated, adverse effects have been reported in about 
9% of patients receiving the drug and have required 
discontinuance in about 2% of patients1

• 

Ceftazidime IM injections are available in 
Thailand through a variety of trade names from 
different manufacturers2

• However, the cost per unit 
of the products imported is excessively higher than 
the locally manufactured brands. In Thailand where 
ceftazidime is also widely prescribed, a new 
ceftazidime preparation intended to be used clinically 
must pass the bioequivalence test required by the 
Thai FDA. Therefore, the bioequivalence of such a 
ceftazidime IM injections should be evaluated. 

Materials and methods 

Test product 
Two drug-products of 1-g ceftazidime IM 

injections were i11 vivo evaluated. One was a generic 
drug-product (Cef-dime®, Lot' no CEK 508, Mfd 
21/10/2005, Exp. 21/10/2007) manufactured by 
Millimed Co., Ltd, and another was an innovator's 
product (Fortum®, Lot no 5020, Mfd 21109/2005, 
Exp. 20/09/2008) imported by GlaxoSmithKline 
(Thailand) Ltd, which was assigned as the reference 
standard. · 
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Chemicals 

All chemicals used were analytical and/or HPLC 
grade. Water was deionized and double distilled prior 
to use. 

Subjects 

Twenty-four healthy Thai male voluntee~s with 
a mean age of 33.79 years old (range 20 to 45 years 
old) participated in this study. They had normal body 
built with mean weight of 61.58 kg (range 55 to 70.0 
kg) and average height of 1.66 m (range 1.58 to 
1.72111). All subjects were healthy based on history, 
clinical examination and preentry hematologic and 
biochemical tests. None was allergic to ceftazidime 
and/or cephalosporins. All subjects abstained from 
other drug intake and alcoholic preparations as well 
as smoking two weeks prior to and throughout the 
study. The methods and conditions of the study were 
clearly explained to all subjects. Informed consent 
was signed and obtained from each subject before 
entering the experiment. Inclusion, exclusion and 
withdrawal criteria for the subjects were considered 
according to Thai-FDA Guidance. 

Drng administration 

Each subject received l g ceftazidime IM 
injection of test or innovator's product in a single 
dose. All subjects received each dose in the 
morning. The subjects were requested to report all 
adverse events after drng administration. All 
adverse events encountered during the clinical study 
were reported on the Case Report Form. 

Experimental design 

The study was conducted in a randomized two­
way crossover design. Each subject received the drug 
in a randomized order. The washout period was one 
week. This study was conducted in accordance with 
the Declaration of Helsinki. TI1e protocol was 
approved by an Ethics Committee of the Faculty of 
Pharmaceutical Sciences, Chulalongkorn University. 

Samples collection : 

Blood samples (5 mL) were drawn from the 
antecubital vein before and at 0.25, 0.5, 0.75, 1.0, 
1.25, 1.5, 1.75, 2.0, 2.5, 3.0, 4 .0, 5.0, 6.0, 7.0 and 8.0 
hours post dose. All blood samples were collected in 
heparinized tubes. After centrifugation at 4000 rpm 
for 15 minutes. The plasma was separated and stored 
at -20°C until subsequent assay. 

Determination of ceftazidime in plasma 

Plasma ceftazidime concentrations were 
determined by high performance liquid 
chromatography (HPLC) using a method modified 
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from that reported by Isla A, et al'. The procedure 

was briefly described as follow: 
To plasma 0.5 mL, 70 µL of I mg/mL of 

cefotaxime (as internal standard) in water and LO mL 
of acetonitrile were added. The mixture was 
vortexed for I minute and centrifuged at 4000 rpm 
for IO minute. Aqueous portion was separated and 
mixed with 5.0 mL of dichlorometane. Again, the 
mixture was vortexed for 1 minute and centrifuged at 
4000 rpm for 10 minutes. A 50 ~IL of clear 
supernatant was injected into the HPLC. High 
performance liquid chromatography equipped with 
UV detector (Agilent 1100 series.USA), was used for 
the analysis. The wavelength was set at 257 nm. 
Separa-tion was performed using µ-Bondapak, C 18, 
10 µm (300 x 4.6 mm, i.d.). column at 30°C. The 
mobile phase consisted of ammonium acetate buffer 
pH 4.0: acetonitrile at the ratio of 98:2 v/v. The flow 
rate was 1.5 mlJmin. The ceftazidime concentration 
in plasma samples were quantified from the standard 
curve4

• 

Validation of analytical method 

The method modified from that reported by 
Isla A, et al used in this study was validated under the 
method of US-FDA'. 

Phammcokinctic analysis 

Individual plasma ceftazidime concen­
tration-time profile from each treatment was analyzed 
for relevant phannacokinetic parameters (Cmi., lm.m 

AUC0 .1 and AUC0 ,,,,J. The peak plasma ceftazidime 

concentration, Cnu.,, and the time to peak plasma 
ceftazidime concentration, tnu.,, were observed from 
the plots of the plasma drug concentrationtime. The 
area under the plasma ceftazidime concentration-time 
curve from time zero to the last point of collection, 
AUC0 ." was calculated using trapezoidal rule and 
that from time zero to infinite time was calculated by 
adding the AUC0 .1 with C*/K term; where C* was the 
last measurable drug concentration and K was the 
terminal elimination rate constant'. At least three 
points during the terminal Ln-linear phase were used 
to obtain an accurate estimate of K from linear 
regression. In most cases, more than three points were 
used for best fitting. Half-life was computed from 
0.693/K. The Ln Cnu.,, Ln AUC0 .1 and Ln AUC0 ,,,, 

were calculated. 

Evaluation of biocquivalence 

Analysis of variance (ANOVA) for two-way 
crossover design at a = 0.05 of the Crnu, AUCo.1 and 
AUCO.o> values of both products were performed 
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based on Ln-transformed data6
• The differences of 

trnu mean was then computed. Finally, the 90% 
confidence interval (Two one-sided test) for the 
differences of Ln C0u..,Ln AUC0 .1 and Ln AUCO.o> 
means of the test product relative to the innovator's 
product were constructed'. Power to detect 20% 
mean parameter differences were determined. The test 
product was considered to be bioequivalent with 
the innovator's product when each 90% confidence 
interval was within 80-125%6

.
8
. The power of the 

test should be greater than 80%. 

Results 

Validation and analysis of plasma ceftazidimc 
concentrations 

Chromatograms of the analytical method for 
determination of ceftazidime and cefo-taxime in 
plasma are shown in Figures I and 2. The retention 
times of both agents were about 6-8 and 10-14 
minutes, respectively. No any interferent peaks due to 
the presence of plasma proteins and/or endogenous 
substances were observed, indicating the selec­
tivity/specificity of the analytical method. All 
validated parameters for accuracy, prec1s1ons, 
linearity, recovery of extraction, and stabilities of 
the assay method used for quantifying drug 
contentin plasma were within the acceptance 
criteria. 111e standard curve of peak area ratios of 
ceftazidime to cefotaxime versus ceftazidime 
concentrations was linear covered the range of 
concentrations employed with the coefficient of 
determfoation of better than 0.999. The lower limit of 
quantification was found to be 3 ~1g/mL. 

Plasma ceflazidime concentrations 

The plasma ceftazidime concentrations at the 
time zero in all subjects were equal zero. The mean 
plasma ceflazidime concentration-time profiles of 24 
subjects for test and i1movator's product are shown 
graphically in Figure 3. The plasma ceftazidime 
concentrations at each sampling time upto 8 hours of 
24 subjects following IM injection of ceftazidime l g 
of test and innovator's product were analyzed for 
relevant pharmacokinetic parameters. Results are 
presented in Tables I and 2 for test product and 
i1movator's product, respectively. 
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Figure 1 Chromatograms of analytical method for d.etermination of ceftazidime and 
cefotaxime in plasma, blank plasma cA>. plasma spiked with ceftazidime. 
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Figure 2 Phasma ceftazidime chromatograms of subject no 15 at 1.0 hr after IM administration 
of 1 g injections of test cAJ and innovator's product <BJ. 
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Figure 3 Mean plasma ceftazidime concentration-time profiles of 24 subjects following 
IM administration of 1-g injections of test and innovator's product. 

Table 1 Phannacokinetic parameters of ceftazidime of 24 subjects following IM administration of 
1-g injections of test product 

Subject lmax Cmax AUCo.1 AU Co..,, t112 
no (hr) (~1g/mL) (µg.lu'/mL) (ug.hr/mL) (hr) 

l 1.25 29.89 124.84 138.65 2.08 
2 0.75 30.81 86.66 94.51 1.56 
3 0.75 31.70 125.75 141.72 2.43 
4 1.00 27.99 116.18 130.84 2.75 
5 1.25 30.49 106.68 118.51 1.97 
6 0.75 32.61 119.15 131.18 2.30 
7 1.25 20.92 89.80 114.37 3.75 
8 0.75 44.26 146.65 158.52 2.21 
9 1.50 27.84 125.17 159.62 3.43 
10 1.00 25.85 119.98 140.99 2.79 
11 0.75 48.19 125.96 134.97 1.45 
12 1.00 26.01 91.44 102.l l 2.13 
13 l.25 26.27 106.10 120.30 2.54 
14 2.00 26.27 117.14 130.95 2.14 
15 1.25 23.47 121.60 146.90 2.59 
16 2.00 25.26 112.51 131.74 2.60 
17 1.25 30.88 145.94 176.32 2.78 
18 0.75 40.40 161.50 178.31 2.26 
19 1.00 24.50 99.24 111.87 2.46 
20 1.50 24.33 99.06 112.87 2.4 1 
21 1.00 30.70 116.69 130.16 2.50 
22 0.75 27.30 110.41 124.86 2.38 
23 1.50 27.98 125.94 142.33 2.34 
24 0.50 32.85 112.43 122.31 1.85 

Mean 1.11 29.86 116.95 133.12 2.40 
S.D. 0.39 6.44 17.89 20.80 0.50 
%C.V. 35.13 21.57 15.30 15.63 0.83 
Minimum 0.75 20.92 86.66 94.51 L45 
Maximum 2.00 48.19 161.50 178.31 3.75 
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Table 2 Pharmacok.inetic parameter of ceftazidime of 24 subjects following IM administration of 1 g 
injections of innovator's product 

Subject tm.u Cmax AUC0 .1 AUC0 .,,, 

No (hr) (µg/mL) (µg.hr/mL) (U$!:.hr/mL) 
1 1.25 30.69 118.74 150.29 
2 1.25 24.0 1 91.26 101.47 
3 0.75 27.45 105.48 124.28 
4 1.25 33.75 127.64 143.64 
5 1.50 26.91 107.94 122.35 
6 0.75 33.01 121.70 138.59 
7 1.00 24.31 94.17 107.25 
8 1.25 36.41 138.11 155.31 
9 1.00 31.01 140.70 170.71 
10 1.00 29.99 114.31 130.10 
11 0.75 40.1 6 118.95 126.61 
12 1.00 26.31 112.56 127.11 
13 1.75 22.64 97.58 110.02 
14 0.75 27.28 97.90 111.25 
15 1.00 21.21 107.73 128.09 
16 1.50 25.71 107.21 122.84 
17 1.25 28.61 135.61 171.53 
18 1.00 30.01 122.13 133.75 
19 1.00 19.93 96.24 104.42 
20 1.25 20.75 95.35 115.32 
21 1.00 22.44 90.95 103.12 
22 2.00 18.61 98.35 114.06 
23 1.00 22.26 115.40 130.51 
24 1.25 28.76 90.76 102.29 

Mean 1.15 27.18 110.28 126.87 
S.D. 0.31 5.40 15.33 20.15 
%C.V. 26.96 19.87 13.90 15.88 
Minimum 0.75 18.6 1 90.76 101.47 
Maximum 2.00 40.16 140.70 171.53 

Table 3 Mean phannacokinetic parameters (X ± S.D.) of ceftazidime of 24 subjects 
following IM administration of 1-g injections of test and innovator's product. 

Parameters Products 90% Confidence 
Test product Innovator's product Interval* 

Cma.«µglmL) 29.86 ± 6.44 27.18 ± 5.40 104.40 - 115.73 
Ima.• (hr) l.1 1 ±0.39 1.15 ± 0.31 -
AUCo.1 (µg.hr/mL) 116.95 ± 17.89 110.28 ± 15.33 100.50 - 111.45 

AUC0 -<() (µg.hr/mL) 133.12 ± 20.80 126.87 ± 20.15 100.81 - 109.27 

n = 24 
* Ln - transformed data 
Acceptance criteria: 90% CI= 80-125% 

t112 
(hr) 

3.81 
2.30 
2.87 
2.70 
2.68 
2.54 
2.36 
2.39 
2.94 
2.76 
1.65 
2.12 
1.77 
2.23 
2.60 
2.55 
3.02 
2.24 
1.70 
2.83 
2.74 
2.25 
2.18 
2.11 
2.47 
0.47 
19.03 
1.65 
3.8 1 

Power 

>99.99 % 
-

>99.99 % 
>99.99 % 
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Side effects of ceftazidime 

No side effects and/or any intoxications due 
to ceftazidime with the dose administered were 
observed. No subject withdrew from the study. 

Evaluation of bioequivalencc 
The relevant pharmacokinetic parameters to 

be used for evaluation of bioequivalence between 
the test and the innovator's product are the peak 
plasma ceftazidime concentration, Cm..., and the 
area under the plasma ceftazidime concentration 
time curve, AUC0 .1 and AUC0 ..,,. The first 
parameter refers to the rate of drug absorption 
meanwhile the later indicates the extent or amount 
of dmg absorption into systemic circulation. 

All these parameters were derived from 
individual plasma ceflazidime concentrationtime 
profile. Analysis of the data revealed that the 90% 
confidence interval for the differences of C0=, 
AUC0 .1 and AUCo,., means of the test relative to the 
innovator's product based on Ln-transformed data 
were within the limit of 80-125%, that is, they 
were within the ranges defined for acceptance of 
bioequivalence. All results were sununarized in 
Table 3. Difference of trm., mean was 3.48%. 

Discussion 

Although other HPLC methods have been 
published in the literature for ceftazidime 
determination in plasma, only a few of the works 
provide data about using the internal standard and a 
complete s tability study3. T his investigation 
includes both studies because they are critical for 
proper analysis and interpretation of analytical 
results. Cefotaxime has been proven to be an 
excellent internal standard. Both agents were stable 
in plasma for at least three weeks at -20°C. This 
period of storage is long enough since all plasma 
samples could be completely assayed within two 
weeks. In addition, the processed samples were 
stable at 4°C in autosampler upto 8 hr.This 
information is very important for analyzing treated 
samples overnight. All other validation results 
indicated that the modified method used in this 
study is mgged, precise and accurate and is 
suitable for the determination of ceftazidime in 
human plasma. 

The design of the study allowed demon­
strating bioequivalence between two drug products. 
Both formulations were similarly well tolerated. 
There were not any quantifiable drug levels at 
baseline for any subjects in either study period, 
refering that no carryover effects were present from 
the first to second study period. Washout period 
between drug administration was acceptable. 
Individual AUC0 .1 I AUC0 .,,, ratio of subject from 
either product was greater than 80%, suggesting 
that blood samples were collected for a sufficiently 
long period. 

Mean plasma profiles from the two 
products were comparable and the dispersions were 
within the predefined ranges.The mean extent of 
absorption at absorption phase and early post-
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absorption phase from the generic product appeared to 
be greater than that from the innovator' s product. TI1is 
is probably due to the generic fonnulation contained 
more drug than other. TI1e lower limit of 90% 
confidence interval of all three parameter which were 
over 100%, were evident. TI1e phannacokinetic 
parameters obtained in this study; Cnu,. Imm AUC and 
1112 of individual and on average are consistent or 
slightly different, indicating low intra-subject and 
inter-subject variability of the dmg. No safety 
problems were detected. Ceftazidime's intrasubject 
CVs for Con,, AUCo." and AUCo..,, were 10.42%, 
10.47% and 8.14%, respectively and a posteriori 
power was over 99.99% for all these parameters. 

Based on these results, both formulations 
can be concluded to be bioequivalent in terms of 
both the rate and the extent of absorption. 
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Abstract 

Objective: To perform a bioequivalence study of doxazosin tablets between Cazosin® tablet 
(Millimed Co., Ltd., Thailand) and Cardura® tablet (Pfizer Italia S.r.l., Latina, Italy), the 
innovative product. 
Method: The study was performed in 12 healthy male volunteers who received a single dose 
of a 4 mg doxazosin tablet. Double blind randomized cross-over design was used. Blood 
samples were collected before and after drug administration for 36 hours and determined for 
doxazosin plasma concentration by a validated HPLC method. 
Results: The results of the bioequivalence study of doxazosin tablets, Cazosin® and 
Cardura®, demonstrated that T111a., of volunteers who took Cazosin® (1.58 ± 0.56 hr) was not 
significantly different from those who took Cardura® (1.71 ± 0.81 lu') (p > 0.05, t-test). When 
statistics were tested as stated in USP 28 guideline for bioequivalence study, 90% confidence 
interval of the log value of ratio of the C01a, (0.906 - 1.070), the AUCo->Iast (0.878 - 1.041) 
and the AUCo->inf (0.868 - 1.060) between Cazosin® and Cardura® tablets were within the 
range of 0.80 - 1.25. The power of the study for AUCo->Iast , AUCo->inf and Cnm were 98.0, 
91.6 and 95.5 percents, respectively. 
Conclusion: It can be indicated that the 4 mg Cazosin® and Cardura® tablets used in this 
study are bioequivalent with respect to the extent and rate of drng approached the systemic 
circulation. 

Key words: Bioequivalence, doxazosin, Cazosin®, Cardura® 
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Introduction 1' 
2

• 
3

' 
4 

Doxazosin, a 'quinazoline derivative with 
selective a 1 - adrenoceptor antagonistic activity, is 
presently marketed for the treatment of 
hypertension. Doxazosin has been recently 
approved by the United State Food and Drug 
Administration (FDA) for use in treatment of 
benign prostatic hyperplasia and has been found to 
be well tolerated by both normotensive and 
hypertensive patients with this condition and by 
elderly patients. 

Pharmcokinetics data show that after oral 
administration, doxazosin is rapidly and well 
absorbed. After oral administration of therapeutic 
doses, peak plasma levels of doxazosin mesylate 
occur at about 2 to 3 hours. Bioavailability is 
approximately 65%, reflecting first pass 
metabolism of doxazosin mesylate by the liver. 
Doxazosin mesylate is extensively metabolized in 
the liver, mainly by 0 -demethylation of the 
quinazoline nucleus or hydroxylation of the 
benzodioxan moiety. Although several active 
metabolites of doxazosin mesylate have been 
identified, the pharma~okinetics of these 
metabolites have not been characterized. In a study 
of two subjects administered radiolabelled 
doxazosin mesylate 2 mg orally and l mg 
intravenously on two '. separate occasions, 
approximately 63% of the dose was eliminated in 
the feces and 9% of the dose was found in the urine. 
On average only 4.8% of the dose was excreted as 
unchanged drug in the feces and only a trace of the 
total radioactivity in the urine was attributed to 
unchanged drug. At the plasma concentrations 
achieved by therapeutic doses approximately 98% 
of the circulating drug is bound to plasma proteins. 
Plasma elimination of doxazosin mesylate is 
biphasic, with a terminal elimination half-life of 
about 22 hours. Steady-state s tudies in hypertensive 
patients given doxazosin mesylate doses of 2 to 16 
mg once daily showed linear kinetics and dose 
proportionality. 

The objective of this study is to perform a 
bioequivalence study of generic doxazosin product 
made in Thailand, Cazosin® tablet from Millimed 
Co., Ltd. in comparison with the innovative 
product, Cardura® tablet from Pfizer Italia S.r.l., 
Latina, Italy in healthy Thai male volunteers. 

Materials and methods 

Reference and test products: 
A test product is 4 mg/tablet Cazosin®, 

Lot NO. : CZT401, Mfg. Date : 06.09.04, Exp. 
Date : 06.09.06, Millimed Co., Ltd., Thailand. A 
reference product is 4 mg/tablet Cardura®, 

21 

Control/Lot No. : 410380830, Mfg. Date : 08.2004, 
Exp. Date: 07.2009, Pfizer Italia S.r.l., Latina, Italy. 

Bioequivalencc Study 
The bioequivalence study protocol 

between Cazosin® and Cardura(!) tablets was 
approved by the Ethical Clearance Human 
Experimentation Committee, Research Insti tute for 
Health Sciences, Chiang Mai University, Chiang 
Mai, Thailand. The study was performed at Chiang 
Mai Ram I Hospital, Chiang Mai. Plasma 
doxazosin analysis and data analysis were executed 
at the Faculty of Pharmacy, Chiang Mai University, 
Chiang Mai, Thailand. 

Subjects 
Volunteers were 12 healthy Thai males; 

their ages were in the range of 21 - 25 years old. 
Their body mass indexes were within the range of 
18 - 24 kg/m2

• The demographic data of the 
volunteers were shown in Table l. All subjects 
were abstinent from any medicat ions for at least I 
week prior to the study. They were free from any 
medical illnesses or underlying diseases judged by 
physical examination and routine blood test 
including complete blood count, blood urea 
nitrogen and creatinine, liver function test, and 
special blood test for viral hepatitis and HIV. 
Before joining the study, all volunteers were 
informed the details, and signed written consent 
form to participate the study. 

Study Design 1' 
4 

Double blind, single dose, two treatment, 
two period, two sequence, randomized cross over 
design was used with one week washout period. 

One week before and in the period of the 
study, all volunteers took no medicine and 
consumed no alcoholic beverages. Food had been 
abstained from 10.00 pm the night before the s tudy. 
About 8.00 am, one 4 mg tablet of either Cazosin® 
or Cardura® was taken by each volunteer with 240 
mL water. 

Five milliliters of blood samples were 
taken at 0, 0.5, I, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24 and 
36 hours after drug taking and, then, centrifuged to 
separate plasma within 30 minutes. Plasma samples 
were stored at -40 °C. The plasma samples were 
analyzed for doxazosin content within five days 
after blood sample collection. 

Analytical Method for Doxazosin in Plasma 
Doxazosin content was analyzed using a 

validated high performance liquid chromato-graphy 
(HPLC), modified from published HPLC analysis 
methods for plasma doxazosin5

• 
6

. The HPLC 
system consisted of a Cl8 column (Hypers il®, 250 
x 4 mm, 5 µm, (Agilent Technologies, USA) 
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Tablel. The demographic data of the volunteers 

Age (years) Height 
(m) 

Mean 22.49 1.72 

SD 0.81 o.os 
Max 24.4 1.80 

Min 21.7 l.6S 

with column temperature of 2S °C. The mobile 
phase was acetonitrile: 10 mM ammonium acetate 
(40:60) with a flow rate 1.0 mVmin. Fluorescence 
detector was set at Ex wavelength = 246 nm and 
Em wavelength = 376 nm Injection volume was SO 
~1L. The plasma sample was prepared by liquid­
liquid extraction. Briefly, a 2SO µI of plasma and 2S 
µI of 1000 ~1g/ml diazepam (internal standard) in 
acetronitrile were mixed in a microcenlrifuge tube. 
A SOO µI of acetronitrile was added before vortex­
mixed for lS minutes, and then the mixture was 
centrifuged at 10900 rpm for JS minutes. The 7SO 
µI of 10 mM ammonium acetate was added, then 
the sample was vortex-mixed for 1 minutes. Each 
tube was centrifuged al 10900 rpm for 10 minutes. 
A portion of SO µI of the supernatant was injected 
into the HPLC column (C18 ODS, Hypersil®, 12S x 
4 mm, S µm column, Agilent Technologies, USA). 
The mobile phase was acetonitrile: 10 mM 
ammonium acetate (40:60) at a flow rate of 1.0 
ml/min. The fluorescence detector was set at 
excitation wavelength = 246 nm and emission 
wavelength = 376 nm. Validation of the analysis 
method e.g. specificity, accuracy, precision, lower 
limit of quantification (LLOQ), linearity, stability, 
extraction recovery, was performed before drng 
analysis. Standard curves were performed every 
day of analysis. 

Data Analysis1
'
4 

Plasma concentration - time curves were 
plotted. Pharmacokinetic parameters were 
determined. Maximum plasma concentration (Cmax) 
which represents the extent of drug approached 
blood circulation and time to reach the peak 
concentration (Tma.•) which represents the rate of 
drug approached blood circulation were taken from 
the raw data. Area under the concentration time 
curve (AUC), with represents the extent of drug 
approached blood circulation was determined using 
trapezoidal rule. 90% confidence interval was 
calculated as follow. 
90% confidence interval = 6. ± 10.10, v '°1EMS (2/n) 
Where 6. is a difference in means of log 
transformed pharmacokinetic parameters (Cm._. or 
AUC) between the test product and the reference, 

to.io. v is the tabulated one-tail l value for a 90 % 
confidence interval, v is a degree of freedom of 
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Weight Body Mass Index 
(kg) (kg/m2

) 

62.S8 21.21 

7.04 1.64 

77.00 23.88 

S4.00 18.7 1 

the error mean square obtained from the ANOY A 
table, EMS is the error mean square from the 
ANOV A table and n is the number of subjects. 
Antilogaritlun of the calculated confidence interval 
will yield an exact confidence interval for the ratio. 
Bioequivalence between the test and reference 
products would be stated if 90% confidence interval 
of the ratio of the log transform of the 
pharmacokinetic parameters, i.e. Cma.• and AUC, 
were in the range of 0.80 - l.2S (USP28). The 
power of the study for AUCo.>h•t> AUCo.>inr and 
Cma.• were 9 8 . 0 , 9 1 . 6 and 9 S . S percents, 
respectively. 

Res nits 

For the analysis of doxazosin in human 
plasma by reversed-phase HPLC with fluorescence 
detecter, retention time of doxazosin and diazepam 
(internal standard) were about S.O and 6.8 minutes 
respectively. Intraday variation and interday 
variation of the analysis method were low with 
relative standard deviations (RSD) less than S %. 
Linear relationship between response and 
concentrations (r2 > 0.999) was observed for 
doxazosin concenlralions ranged from I to SO 
ng/mL. The lower limit of quantification (LLOQ) 
was 1 ng/mL. The method has been found to be 
precise, accurate and suitable for the analysis of 
plasma samples from the bioequivalence study of 
doxazosin tablets (I x 4 mg oral dose of doxazosin). 

No side effect was noliced in all volunteers 
received eilher Cazosin\!I or Cardura® lablets. 
Average doxazosin plasma concentration - time 
curves of Cazosi1{~ and Cardura© tablels are shown 
in Figure I. Pharmacokinetic parameters, i.e. 
AUC0 1 ._.,,AUCo~inf• Cmo.•• Tma.•• are collated in 
Table 2. 

Tma.• of volunteers who took Cazosin<!> 
(l.S8 ± O.S6 hr) was not significanlly different 
from those who took Cardura® (1.71 ± 0.81 hr) (p > 
0.0S, I-test). AUC0~1,,. were 433.94 ± 97.2S and 
4SS.S7 ± 109.7S ng.hr/mL and AUCo.>inf were 
47S.70 ± 112.19 and 499.11 ± 129.93 ng.hr/mL 
for Cazosin" and Cardura ®, respectively. Average 
C01._. were 40.62 ± 10.S6 ng/mL and 41.S3 ± 
I0.8S ng/mL for Cazosin®and Cardura" , 
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respectively. 90 % confidence interval of the ratio 

of AUC0->Ja.s1> AUCo->inf and Cm._, between Cazosi n® 
and Cardura® were 0.878 - 1.04 1, 0.868 - l.060 
and 0.906 - 1.070 respecti vely. 

Discussion 

90 % confidence interval of the ratio of 
AUC0->1 .... 1, AUCo->inr and Cm:u between 
Cazosin®and Cardura® tablets were in the range 
of 0.80 to 1.25 as required by USP 28. Therefore, 
bioequivalenee is able to indicate between 
Cazosin® and Cardura® 4 mg/tablet. The 
pharmeokinetics data from this study show that 
after oral administration, doxazosin is rapidly and 
well approached to the systemic circulation 

::i' 
~ 

50 

OJ 
.s 40 
ti c 
0 u 30 
Cll 
E 
V> 
Cll 20 a_ 
c 

'iii 
10 0 

N 
Cll x 
0 

0 0 ' 

0 10 20 

Time(hr) 

23 

The peak plasma levels of doxazosin (T111._,) 

demonstrated within 2 hours which T111._, of 
volunteers who took Cazosin° (1.58 ± 0.56 hr) 
was not significantly different from those who took 
Cardura® (1.7 1 ±0.81 hr). The elimination half-life 
of doxazosin was approximately I 0 hours 
[Cazosin© ( I0.34 ± l.4 1 hr), Cardura\') (I 0.21 ± 
J.83hr)] . Both Tonu and elimination half-li fe of 
doxazosin obtained from this study were close to 
the data previously reported which also studied in 
Thai volunteers7

• 

30 40 

Figure 1 Average doxazosin plasma concentration at various sampling times of all volunteers after taking 
l x4 mg/tablet.(•) Cazosin® ( o) Cardura ® (n=l 2) 

Tnble 2 Phnrmacokinetic parameters of Cazosin® and Cardura® tablets and 90 % confidence interval (n= 12) 

Pharmacokinetic Cazosin® Cardura© 90 % Confidence 
Parameters Interval** 

AUCo->Ja;t * (ng.hr/mL) 433.94 ± 97.25 455.57 ± 109.75 0.878 - l.041 

AUCo~inf * (ng.hr/mL) 475.70 ± 11 2.19 499.11 ± 129.93 0.868 - 1.060 

Cm .. , * (ng/mL) 40.62 ± 10.56 41.53 ± 10.85 0.906 - 1.070 

Tm:'-' (hr) 1.58 ± 0.56 l.71 ±0.81 
ke (hr'') 0.07 ± 0.01 0.07 ± 0.01 
tin (hr) 10.34 ± l.41 10.21 ± l.83 

* Log (base 10) data transformation 
** A range of 0.80 - 1.25 is required by the United States Pharmacopeia (USP28) 



24 

Conclusion 

The pharmacokinctic parameters of both 
Cazosin® and Cardura©, I x4 mg/tablet, in 12 Thai 
healthy male volunteers were determined. C01 .. , of 
Cazosin® and Cardura0 tablets were 40.62 ± I 0.56 
ng/mL and 41.53 ± 10.85 ng/mL, respectively. 
AUCo->last were 433.94 ± 97.25 and 455.57 ± 
109.75 ng.hr/mL, respectively. AUCo.>inf were 
475.70 ± 112. 19 and 499.11 ± 129.93 ng.hr/mL, 
respectively. When statistics were tested as stated in 
USP guideline for bioequivalence study, 90% 
confidence interval of the log value of ratio of 
either Cm•m AUC0.>la.1t or AUCo.>inr between 
Cazosin<!> and Cardura® tablets were in the range of 
0.80 - 1.25. Therefore, it can be concluded that the 
Cazosin© and Cardura® tablets used in this study 
arc bioequivalent. 

It should be noted that this finding was 
limited only to the lot used in the study. In addition, 
this study was designed as a single dose 
administration in healthy volunteers, therefore long 
term use in patients should be considered regarding 
the therapeutic effect. 
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Abstract 

Alpha-lipoic acid (ALA), a natural thiol-containing antioxidant has been shown to 
protect against oxidative s tress in various conditions as well as demonstrated its actions to to 
induce apoptosis and inhibit proliferation of cancer cells. In this study, we investigated the 
pro-oxidant and antioxidant effects ALA on hepatoma cell line HepG2 as well as its effect on 
induction of apoptosis. Results showed that long-term exposure of HepG2 to ALA dose­
dependently decreased cell number whereas contents of intracellular reduced glutathione 
(GSH) and intracellular reactive oxygen species (ROSi) were found to be elevated. Co­
treatment with aflatoxin Bl (AFBl) not only prevented the increase of GSH but also 
promoted the generation of ROSi by ALA. Pro-oxidant and antioxidant actions of ALA were 
observed during immediate measurement of ROSi by using fluorescent probe, DCFH-DA. 
Increased apoptotic cell death in concomitant with increased generation of ROSi was also 
reported. In conclusion, our findings suggest biphasic approach of ALA in HepG2 and its 
capability of inducing apoptosis in this cancer cell line, supporting the potential role of this 
antioxidant in cancer therapy. 

Key words : alpha-lipoic acid, aflatoxin B 1, reactive oxygen species, hepatoma cell line, 
apoptosis 
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Introduction 

Growing evidence of oxidative stress to be 
responsible in some chronic diseases including 
cancer has been well highlighted in the past 
decades1·3_ Antioxidants, a group of agents either 
from natural or synthetic compounds, have shown 
pharmacological benefits on various kinds of cancer 
cells4

·
5

• Among these, alpha-lipoic acid (ALA) is of 
particular interest and provides rromising 
therapeutic role for various cancer types6- . ALA is 
a naturally occurring thiol-containing molecule 
commonly found in mammals. It functions as an 
essential coenzyme in mitochondrial multienzyme 
complexes, and catalyzes the oxidative 
decarboxylation of a -keto acids such as pyruvate, 
a-ketoglutarate and branched-chain a-keto acid9

. 

ALA has been shown to exert its antioxidant 
activity via several mechanisms such as radical 
scavenging, regenerating of other intracellular 
antioxidants and enhancing reduced glutathione 
(GSH) synthesis10·11 . Not only antioxidant but also 
pro-oxidant actions of ALA have been reported, 
indicating sophisticated actions of ALA activities. 
Molecular mechanisms of ALA in cancer treatment 
has been more emphasized in which ALA has been 
shown to trigger apoptosis in many types of human 
cancer cell lines while it exerts a protective effect 
again apoptosis in normal cells12

, suggesting 
different biological actions in tumor and non-tumor 
cells. 

Hepatocellular carcinoma (HCC) is the 
fifth most common cancer worldwide and the third 
most conunon cause of cancer mortality13. So far, 
no effective cure of HCC has yet been verified. 
Understanding of molecular mechanisms of 
chemoprevention associated with HCC could 
ultimately improve the current concept for 
preventing and treatment of the disease. Therefore, 
the study of ALA may provide informative details 
useful for the development of anticancer therapeutic 
strategies by using natural occurring compound to 
selectively e liminate cancer cells. 

The aim of this study was to investigate 
the effects of ALA on human HCC cell line 
(Hep02). Besides sole action of ALA to induce 
cancer cell death, we put forwards the efforts to 
establish the effects of ALA in the presence of 
aflatoxin B 1 (AFB I), a potent carcinogen found to 
induce HCC in several species, in terms of 
intracellular oxidative stress associated with 
cytoxicity and apoptosis in Hep02 cells. 

Materials and Methods 

Chemicals 
ALA, AFB!, GSH, and bovine semm 

albumin (BSA) were purchased from Sigma 
(Sigma-Aldrich, USA). Fetal bovine serum, 
Dulbecco's Modified Eagie Medium (DMEM), 

27 

penicillin/streptomycin, and trypsin EDTA were 
purchased from GIBCO (USA). 3-(4,5-
dimethythiazol-2-y)-2,5-diphenyltetrazolium bro-
nlide (Mm was from Molecular Probes Inc 
(Eugene, Oregon, USA), dimethyl sulfoxide 
(DMSO) was purchased from Aldrich (Sigma­
Aldrich Laborchemikalien GmbH. Gennany), 5,5'­
dithiobis(2-nitrobenzoic acid (DTNB) was 
purchased from Fluka Analytical (Sigma-Aldrich 
Chemie GmbH, Switzerland), protein assay reagent 
was from Bio-Rad (USA), 2',7'­
dichlorofluororescin diacetate (DCHF-DA) was 
obtained from Invitrogen (CA, USA), Annexin V­
FITC kit (Annexin V-FITC solution 0.2 ml, !Ox 
binding buffer 1.7 ml, propidium iodide 0.25 mg) 
was obtained from Imumunotach Backman 
Company (France). 

CeU culture 
Human Hep02 hepatoma cells were cultured 

at 37°C, 5% C02 in DMEM supplemented with 

10% fetal bovine semm, 3.7 g/I sodium 
bicarbonate, 100 U/ml pe11icillin and 100 µg/ml 
streptomycin. 

Cell viability assay : MIT assay 
Cell proliferation was measured by MIT 

assay. Exponentially growing cells were plated into 
96- well plates containing lxl04 cells/well in 200 µI 
medium for 24 h. Then cells were treated with 
different concentrations of ALA (0-500 µM), AFB 1 

10 ~1M and ALA in the combination with AFB1 for 
24 h. One-hundred fifty µI of MIT stock solution 
(5 mg/ml) was added into each well, and cells were 
further incubated at 37°C for 1 h. The supernatant 
was replaced with 200 µI DMSO to dissolve the 
formazan product. The absorbance at wavelength 
550 nm was measured with a micro-ELISA reader 
(Bio-Rad Model 680, USA). The negative control 
well, into which only the medium had been added, 
was used for zeroing the absorbance. Each assay 
was performed in triplicates. The ratio of the 
absorbance of treated cells relative to that of the 
control cells were calculated and expressed as 
percentage of cell viability. 

Flow cytometer 
HepG2 cells were plated at 5x 104 cell/well 

into 24 well plates before treating with various 
concentrations of ALA (0-500 ~1M) for 72 h. Before 
analysis, cells were washed twice with PBS. The 
cell viability was immediately analyzed with the 
flow cytometer (Coulter Epics Xl-MCL, Beckman 
Coulter, USA). 

Measurements of GSH contents 
Cellular GSH measurement was 

determined following the method as previously 
reportcd14

. Briefly, HepG2 cells (4x 105cells/well) 
were seeded in each well of 24-well culture plates 
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and incubated for 24 h before treating with ALA 
and/or AFB l. At the end of des ignated treatment, 
cells were washed with PBS, harvested and lysed 
by three cycles of freezing and thawing in 10 mM 
HCI. Cell lysate was precipitated of protein by 
O.S% SSA and subsequent centrifugation. The 
supernatants were assayed for GSH contents by 
spectrophotometric determination using a rnicro­
ELISA reader (Bio-Rad Model 680 USA) of the 
reduction of DTNB to S-thio-2-nitrobenzoic acid at 
a wavelength of 41 2 nm and protein concentration 
was determined by Bradford protein assay with 
BSA as a standard. The data were expressed as 
nmol/mg protein. 

Measurements of intracellular i·eactive oxygen 
species (ROSi) 

The formation of ROSi was measured using a 
fluorescent probe, DCFH-DA as described by 
Wang et al14

• as an inactive marker of intracellular 
oxidation. DCFH-DA was hydrolyzed by 
intracellular est erases to non-fluorescent 
dichlorodihydrofluorescin (DCFH), the latter then 
reacted with ROSi to form highly fluorescent 
product 2' ,7'-dichlorofluorescein (DCF) which 
remained trapped inside the cells and fluorescence 
intensity could then be measured. Briefly, HepG2 
cells were seeded at 1x I 05 cells into 24-well plates, 
and treated with the indicated compounds (ALA, 
AFB 1). After 24-h incubation at 37°C in S% C02, 

cells were incubated with 10 ~·M DCFH-DA for 
another 30 min in darkness. Cells were collected 
using trypsin-EDTA and washed twice with PBS 
(pH 7.0). Fluorescence intensity in each cuvette 
containing cell suspensions per 3 ml of PBS was 
then immediately monitored on a spectrofluoro­
meter (Perkin-Elmer Luminescence Spectrometer 
LS SOB) at the excitation wavelength of 48S nm 
and the emission wavelength of S3S nm. 

In a first approximation, the uptake of 
DCHF-DA into cells and the subsequently observed 
DCF fluorescence intensity are assumed to proceed 
via the following mechanisms: (i) DCHF-DA is 
readily taken up by cells via passive diffusion 
across the plasma membrane, (ii) DCHF-DA is then 
deacetylated by cellular esterase enzymes to yield 
the oxidant sensitive DCHF, and (iii) Subsequent 
oxidation of DCHF by ROSi generates the highly 
fluorescent DCF. The overall scheme can be 
modeled by the consecutive reactions ( 1) and (2): 

DCHF-DA ki. slow 
Ei1<me<Eo? 

DCHF .... ............ ( 1) 

DCHP+ROS 
k1 , fast 3' DCF ................ (2) 

where k0 = k1[E]o is the pseudo-fus t-order rate 
constant for reaction (1) (s"1

). The model is 
mathematically expressed in equation (3). 
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k2[ROSi] = the secondary order rate cons tant for 
k1 

reaction DCHF + ROS -=+ DCF 

The parameters intervening in DCF 
formation, k0 and k2 [R0Si], can be quantitatively 
determined by fitting equation (3) to the 
experimental spectrofluorometric data. Consi­
dering the cell culture system, some amounts of 
ROS, notably H20 2, were detected in the 
extracellular environment or in the medium. In 
order to localize the interaction of ROSi and DCHF 
that occurred only inside of the cells, a quencher 
Co2

+ was used ·to remove extracellular DCF 
fluorescence. 111 the presence of 20 mM Co2+, an 
increase in fluorescence intensity was due to an 
increase in DCF formation inside the cells. 

HepG2 cells (2x I 05 cells) were collected 
into a cuvette containing glucose 20 mM, Lucklw.D· 
buffer pH 7.2S, and Co2

+ and centrifuged at 7,000 g 
for I min. After the exposure to ALA, cells were 
loaded with DCHF-DA at a final concentration of 
20 mM. Then cells were monitored as function of 
time on a Perkin-Elmer spectrofluorometer LS-SOB 
with excitation and emission wavelengths of 485 
and S3S nm respectively15

• 

Apoptosis assay 
To measure apoptotic cell death, an 

Annexin V-FITC apoptosis .detection kit was used 
according to the manufac turer's protocol to analyze 
the extracellular facing plasma membrane 
phosphatidylserine residues with the confocal 
microscope and the flow cytometer. Brie fly, cells 
were grown in 24-well microtiter plate at 
concent ration of approximately Sx 104 cells/ml. 
After treated with ALA for 44 h, cells were 
harvested and suspended in the provided media 
binding reagent with subsequent centrifugation at 
7,000 g for 1 min. Flow cytometry for detection of 
apoptosis was performed with propidium iodide 
(PI) and fluorescein isothiocyanate (FITC) labeled 
Annexin V in an Armexin V-FITC kit. Samples 
were washed in cooled PBS at 4°C and centrifuged 
at 7,000 g for I min. The pellets were resuspended 
and adjusted to l x l06 cells/ml with the binding 
buffer of the kit. FITC labeled Annexin V (I µl) 
and PI (S ~II) were added to the suspension (394 µl). 
After incubation for I 0 min at room temperature, 
the suspensions were analyzed with flow 
cytometer16

• 

Data analysis 
All data were entered into SPSS 11.S 

statistical software and analyzed using one way 
ANOVA. All p values of less than 0.0S were 
considered to be statistically significant. 
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Results 

Effects of ALA 011 viability of /111111011 hcpatoma 
cell line (HepG2) 

Since ALA was dissolved in DMSO, the 
toxic effect of DMSO on cell viability was 
performed in this study and results showed that 
percents cell viability were found to be 89.5% and 
76% at 0.2% and 0.5% of DMSO, respectively. The 
concentration of DMSO at 0.2% was then chosen to 
dissolve ALA in which it provided sufficient 
dissolubility of ALA without excessive cell death. 
24 h exposure of Hep02 to various concentrations 
of ALA (50-500 ~1M) resulted in a concentration­
dependent decrease of Hep02 cells following the 
incubation for 24 hrs. Upon the exposure of Hep02 
cells to ALA, significant cell loss was observed 
when ALA concentration reached 300 ~1M both by 
MTT assay and flow cytometry. Increasing 
concentration of ALA further accelerated the loss 
of cell numbers (Figure 1). Non-corresponding 
degree in declining of Hep02 cell numbers 
compared between the MTT assay and flow 
cytometry was noticed. At the highest dose of ALA 
(500 µM), percents viability of cells determined by 
the MTT assay and the flow cytometry were found 
to be 85% and 60%, respectively. 

Effects of ALA 011 GSH contents 
Results demonstrated that cells exposed to 

ALA showed a concentration-dependent increase of 
GSH contents in which significant increases were 
observed at the ALA concentrations of 300- 500 
~tM (Figure 2). At the highest concentration of 
ALA, GSH level was increased up to 50% 
compared to control. However, the treatment with 
10 µM AFBl significantly reduced the GSH levels 
by 33% in the absence of ALA. Subsequent study 
to verify the effect of ALA in combination of AFB l 
showed that the presence of 10 ~tM AFB l in the 
culture media prevented the enhancement of GSH 
by ALA (Table 1). 

Effects of ALA 011 ROS ge11eratio11 in HepG2 cell 
line 

A significant increase of ROSi in HepG2 
cells within 30 min following the treatment of ALA 
indicated an immediate stimulation of ROSi 
generation in Hep02 cells by ALA. Further 
exposure of ALA up to 24 h led to higher levels of 
ROSi , showing a time-dependent manner of ALA­
induced ROSi generation in Hep02 cells (Figure 3). 
Treatment of Hep02 cells with various 
concentrations of ALA for 24 h caused a 
concentration-dependent increase of ROSi 
generation. When compared to ALA alone, 
additional generation of ROSi was detected when 
cells were co-incubated with I 0 ~tM AFB I (Figure 
4). The combined exposure of Hep02 cells to ALA 
and AFB I clearly demonstrated the synergistic 
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effect of these two compounds to generate ROSi. 
When the concentration of AFB! was fixed at 10 
~tM, increasing concentration of ALA showed 
greater increase of ROSi when compared to the 
effect of either ALA or AFBl alone. Figure 4 
shows that fluorescence intensity increased 
approximately l .S folds compared to control 
through out the concentration range of 0-500 µM of 
ALA. The presence of 10 ~1M AFB 1 in combination 
of ALA at various concentrations enhanced the 
fluorescence intensity of Hcp02 cells by additional 
1.45 folds over the effect of either ALA or AFB 1 
alone. 

The first-order rate constant , k1E0 (K.,), 
representing the deacetylation by cellular esterase 
enzymes to yield the oxidant sensitive DCHF was 
found to gradually decrease when ALA 
concentrations were increased from SO ~1M to 500 
µM, attending significant differences at 
concentrations of 300 µM and 500 ~tM (Figure S). 
The secondary order rate constant for reaction of 
DCFH to react with ROS, k2[R0Si], was found to 
increase at ALA concentrations from 0- 500 ~tM 
and reached the highest level at 200 ~tM. In 
contrast, at higher concentrations of ALA from 
300-500 ~tM, k2[R0Si] started to decline, 
suggesting a slower reactions between DCFH and 
ROS at high ALA concentrations (Figure 6). 

ALA-i11d11ced apoptosis ill HepG2 cell line 
After treated Hep02 cells with ALA (0-500 

~tM) for 44 h, the increase of apoptotic cell death 
was significant only at 500 µM, indicating that 
ALA induced apoptosis in Hep02 cells at a very 
high concentration. Etoposide, a positive control, 
caused a 2-fold higher increase in apoptotic cell 
death than that of 500-~tM ALA. 

Discussion 

In this study we utilized two different techniques, 
the MTT and the flow cytometry assays to 
investigate biological activities of ALA in Hep02 
cells. While the flow cytometer measures actual 
viable cell numbers, the MTT assay relies on the 
conversion of MTT to formazan by mitochondrial 
enzyme in living cells as an indicative marker of 
cell viability. We observed enormous decrease of 
cell viability as determined by flow cytometer 
whereas cell viability in terms of mitochondrial 
activity demonstrated less reduction as compared to 
untreated control cells despite the fact that values 
from both techniques were found to be significantly 
different. It is possible that, regardless of the great 
reduction of cell number, the overall mitochondrial 
activity of the remaining cells were still maintained. 

Therefore, either up-regulated mitochondrial en-
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Figure 1 Viability of HepG2 cells after 24-h incubation with ALA at various concentrations (0-500 µM) as 
assayed by MTI (A), and by flow cytometry technique (B). Results are expressed as percent of 
control and significant difference from control cells: # p<0.05, * p<0.01) (n = 3). 

Table 1. Intracellular GSH contents of HepG2 cells following exposure to AFB 1 alone or in combination 
with various concentrations of ALA. 

Treatment 

Control (without AFB 1) 

10 µM AFBI 

10 µM AFBl + 200 µMALA 

10 µM AFB I + 300 µM ALA 

10 µM AFBI + 400 µMALA 

GSH contents 

(% of control) 

100 ± 0.4 

67.0± 0.3 

65.0± 0.3 

67.0± 0.3 

68.0 ± 0.1 
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Figure 2 Increase of GSHi contents of HepG2 cells exposed to ALA at various concentrations (0-500 ~tM) 
for 24 h. Significant difference from control cells: # p<0.05) (n = 3). 
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Figure 3 Percent ROSi as determined by fluorescent intensity of HepG2 cells incubated with 200 pM ALA 
( ~or 10 ~tM AFB! ( •for 30 min and 24 h. Significant difference from control cells: #p<0.05, 

* p<0.01) (n = 3). 
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Figure 4 Percent ROSi as determined by fluorescent intensity of HepG2 cells incubated with various 
concentrations of ALA (0-500 ~1M) alone ( ~r in combination with 10 µM AFB l ( llll!lfor 24 h. 
Significant difference from control cells: # p<O.O l (ALA), * p<O.O I (AFB l) (n = 3). 
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Figure 5 Effects of increasing concentrations of ALA on k1Eo(K.,) of HepG2 cells. Significant difference 
from control cells: # p<0.05, * p<0.01) (n = 3). 
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Figure 6 Effects of increasing concentrations of ALA on k2[R0Si] of HepG2 cells. Significant difference 
from control cells: # p<0.05, * p<0.01) (n = 3). 
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Figure 7 Apoptosis of HepG2 cells induced by ALA (100-500 µM) compared to etoposide (100 µM) as 
a positive control. Significant difference from control cells: for # p<0.05, * p<0.01) (n = 3). 
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zyme or increase of mitochondrial activity of those 
individual survived cells could be responsible for 
the observed effects. To solve this hypothesis, 
determination of single cell mitochondrial activity 
upon the exposure of ALA could help providing 
insight into detailed mechanism at molecular levels. 

Numerous studies conducted in human 
cells have demonstrated that, following intracellular 
reduction of ALA to its reduced form, dihydrolipoic 
acid (DHLA). DHLA is then rapidly released into 
the extracellular space where it subsequently 
reduces cystine to cysteine. Cysteine is then taken 
up by the neutral amino acid transporters and is 
used in intracellular glutathione synthesis. 
Enhancement of intracellular availability of 
cysteine, by bypassing the rate-limiting cystine 
transport system, has been proposed to be the 
underlying mechanism of ALA to elevate GSH 
levels observed in the ce1111

•
18

• Hultberg, et a/19
• 

reported the increase of GSH in HepG2 0.8 and 2.3 
folds when cells were incubated with ALA for 3 
days at the concentrations of 100 and 500 ~1M, 
respectively. We showed here that the presence of 
AFB I, co-incubated with ALA, considerably 
prevented ALA-induced elevation of GSH levels. 
This appears to be due to excessive oxidative stress 
provoked by the presence of AFB l that accelerates 
a rapid utilization of GSH in the detoxifying 
processes, thus preventing the enhancement of GSH 
by ALA. 

The formation of ROSi in HepG2 cells 
was found to be enhanced by the exposure of ALA 
or AFB I within the first 30 min. Time-dependent 
increase of ROSi was shown when incubation of 
HepG2 cells with ALA and AFB I was extended to 
24 h and led to 50% and 70% increase in ROSi 
compared to control, respectively. AFB I-associated 
increase of ROSi has been well correlated to its 
capacity to induce oxidative stress as well as DNA 
damage in hepatocytes and hepatoma cell lines20 

whereas treatment of ALA on HepG2 cells has 
recently been found to alter the redox stale of the 
cells as demonstrated by the increase of ROSi8

• 

This present study confirmed the concentration­
dependent increase of ROSi and that the increase of 
ROSi formation caused by ALA was responsible 
for the reduction of cell viability. Our results also 
demonstrated the synergistic actions of the co­
exposure of ALA and 10 ~1M AFB I in ROSi 
formation after 24-h incubation. 

Determination of ROSi inuncdiately after 
the addition of ALA to HepG2 cells showed 
reduction of k1E0 (K.), the first-order rate constant 
for the deacetylation by cellular esterase enzymes 
to yield the oxidant sensitive DCHF, when 
concentrations of ALA were increased. This might 
be due to the reduction of de-acetylation activity of 
intracellular esterase at high concentrations of ALA 
(300-500 µM). Since esterase is required for the 
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conversion of DCFH-DA to DCFH, reduction of 
esterase activity could lead to a lesser amount of 
DCFH available to react with ROSi and thereby 
causing a decline of measurable fluorescence 
intensity. However, k2[ROSi], the secondary order 
rate constant for reaction of DCFH to react with 
ROSi, was found lo exhibit biphasic approach, 
supporting the roles of pro-oxidant and antioxidant 
actions of ALA which are dependent of cell types 
and redox status inside the cells18

•
21 

Taken together, results of immediate 
reactions showed that, although reduction of 
k1E0 (K.) was observed at high concentration of 
ALA, degree of the reduction of k2[ROSi] was 
found to be more pronounced. It was suggested that 
esterase act1V1ty alone may not be solely 
responsible for a slower reaction between DCFH 
and ROSi al high ALA concentrations. 
Accordingly, antioxidant action of ALA is most 
likely to play a role in these circumstances. We also 
demonstrated here that ALA induced apoptosis in 
HepG2 cells in a concentration-dependent manner. 
Increase in ROSi generation could possibly 
contribute to the alteration of redox state of the 
cells, leading to triggering of apoptolic pathway. 
Based on its cytotoxic actions to induce apoptosis 
and cell death in tumor cells6-8

, ALA has been 
well recognized in the cancer research field as a 
potential adjunctive agent for cancer therapy. More 
studies are required to put forward an effective 
utilization of ALA in clinical oncology. 
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REVIEWS 

Cinnamon and Diabetes Mellitus 

Sirichai Adisakwattana 

Department of Transfusion Medicine, Faculty of Allied Health Sciences, C/111lalongkom University, 
Bangkok, Thailand 
The Halal Science Center, C/111lalongkom University, Bangkok, Thailand 

Abstract 

Diabetes mellitus is a chronic metabolic disease that has a significant impact on the 
health and quality of life, as well as on the health care system. Recently, an alternative 
approach of herbal medicine with antihyperglycemic activities has been increasingly sought 
by diabetic patients. Cinnamon, one of the herbs, has been shown to increase glucose uptake 
and glycogen synthesis and improve glucose and lipid profiles of type 2 diabetes patients. 
Cinnamon polyphenols with doubly linked procyanidin type-A polymers, isolated from 
cinnamon, display insulin like activity by increasing the activity of autophosphorylation of the 
insulin receptor and decreasing the activity of tyrosine phosphatase. Moreover, this compound 
also stimulates glucose uptake and glycogen biosynthesis, activate glycogen synthase, and 
inhibit glycogen synthase kinase-3p. There are very few clinical trials evaluating the efficacy 
of cinnamon in type 2 diabetes mellitus. There were 2 clinical studies reported the effects of 
cinnamon to lower blood glucose levels in type 2 diabetes. However, there were conflicting 
results that showed no significant reduction of blood glucose in cinnamon- treated type 2 
diabetes patients. More clinical trials with larger populations are needed to confirm its effects 
and to determine the extent of its effects on blood glucose and lipids. Because of its relative 
safety, low cost, and potential efficacy, cinnamon may be an alternative for diabe tic patients 
who may be interested in using cinnamon alone or in combination with modern anti-diabetic 
agents. 

Key words: Diabetes Mellitus, cinnamon, herbal medicine 
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i'mn hmmlmwmmrnimJ 1~w1j.:i1W'u'ltl~m11~ 
'I Q ... ., A A ..... Cl m.iw m1m::r·mvi11ruct1\l1nlin11'111m1·1ommtJmmn 

1rn::H/hrnmm.1fjm::~111f1mrtn\) h1n-1um::mY 
.. ' 1 ,, ' d .. .x 
mv~ '!l1 vri~m1:: 'iflllmn'llowm.:i 'l ·n11 ::m~'llull1n 

hfl1mm1u i1rn1rnrn 'lll 1'li1J 1 rn 'lvi hmh ill m1u 

~W 1(1ttVl'lj.:J 11n:: hfl l'UJJ\H~~g}'wiwrif1H~v~ 1i'lu~w 

fl1Jl'IW ll~fl cilwmlltl\.I (Cinnamon) 1flu 
A g : .: 'll' ti" 'I " mrn.:imffTimviw nmnrnmn11J ~1m\l101 nvn u 

~u1mm.:i~uern'!lv 1~mt1'ltl~~11vrn'llmfl1~ 
m~tl.:imff~~mnt1 l"nf~nnm1'.luvuH~ 1m::1hvrn•1w 
1

ltl1~1rimhur-1miiutl1lmmm'lfu~ ium.:i 

mrni·mumivnell orn'llvu.:i\Jmhmi~11'.luv1i'n1111rn 

1 .. 'I" , ,, g , ,, 
~VlJff'irnfjrum.:iv1 ~un 11ntl1m1~mnv~ mrnlrn.:i 

... I &I q I .K dd 

'IJ1Jrt>J '!l1vrn11111r·m 1wnnam::mlm ~lll'lltlll1Jm11w 
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nm::~tJJ1mri i lHfttJ~ orn'llv~Hnmiy1 uil\l~iJu 
'l~m\l1nvrn'llvffo'lff1m1'11( 'lllun Ci111w111011111111 

verum "' flO 

Ci1111a111011111111 zeyla11ic11111 (V1Jl'lllJlllff) 1rn::iln'll\1~fio 

Ci1111a111011111111 cassia llltl C i111w111011111111 aro111atic11111 

" ( V1J l'lllJ~ll) tl1Jl'IW'lli7 ~ U lJOU11Jl i i'1u01 S tl1.:i V1U l'i 

1m::1rn 'llllY1 'ltlmlif i11lr1 

"' mo vi 

i 111 tlii o mm.:i9i'u vtJ 1'11vu1:: nu 1J 'I tl~1v 

n-umiinmmrnw•1n1~ 1~v1rn11 cimiamic acid, 

cinnamyl alcohol 1rn:: cinnamaldehyde <itl~ 1) 1flu 

rmmii~1riutl.:intl1::nom1ft'n) cp1t'm.:imff''ll1tw1 

'lltl.:J cirmnmaldehyde ~emrnm::~1JJ1mnn~ 1mY111 
"' ' A 1" . i lrtO~ l't1J1lllltl ll cmnnmaldehyde ll'IJU1~ 5 -20 

mg/kg 1mtl1m{im::v::rnnu1u 45 11mnmj'lll1~\)0 
mdv11hi1Y1flu11m111u~1v streptozotocin (STZ) 

" ' 
., 

0 1 i "' 11" 1 .. ffllmnrim::~tJmmnn~ flff mno~ ~ ~vmm::11 

'llmmnn~q~'llo.:i cimiamaldehyde fio 20 mg/kg 

ff11l1rnrtm::~1J glycosylnted hemoglobin (HbA1c) 

'i ::~1J cholesterol, triglyceride 1rn::u.:in1m::~1J 

uv11miouqi'imm::t1$mru'llti.:i high-density lipo-

" ,, 
protein [(HDL)-cholesterol] 1rnmnnil ni'Iill 

cinnamaldehyde ill'llU1~~'30~11 u.:i'!i1vam::~1J 

alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), lactate dehydrogenase (LOH), 

alkaline phosphatase (ALP) un:: acid phosphatase 

(ACP) ~.:ill1nmrn9lttem1111\1vumiw 1~vhY 

cinnamaldehyde 1mtl10 1m11iiri1 LD50 oyli 1850 

mglkg4 

iJvnll10d'iim 1flmmp1i'\Je.:ims«n~otJ1•1m 
' " \ii~9i'11hn::mv'lfu9!9i1.:i'l 11m1rn~1::~1Jll1m" 

n\) 1flttiw1~tlmf.:iimrntlm1~"0.:i11ri:: ff'vi-l11~riu.:i iuTI 

fl .ff. 2006 Kim ummru:: fln111cp1i'llfl.:Jff1'Ifftl~tl1.Jl'lllJ 
~111~vi~J11fl1i9i'1ffn9l~omrnm::~tJJ1mrin\) 1fl« 

i "I a J ~ 
ume~'Uo.:imjLU1t111u'llum1 2 ium::v::11r11 6 
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"ti e' .cl eJ ... I ... ff ml! 'lf-lffl'iffnmMnn11TI'\Jll1VI 50-200 mg/kg 
" . 

ff1>mtrnm :;~utl1vrnin~ 1flff1unm1ff1tiovi '1~1~wli 

1flu 1ltlmi1'\JmV1'\J£l-lffl'iffnviorn'l11J~1l~fo mrnnvi 
' " £l\Jl'l11JUU'IJU1VI 200 mg/kg iiql1nnm::~utl1mn 

1 d ,, .... eJ 

n~ flff>J1nlH!Vllln11J-3nVl'i:::VIU cholesterol Lin:: 
" triglyceride 1mnA11J1l111U 'l~fin~1u lrnn11inilff1'i 

ffnviorn'lluuu n-umonvii.J~mrumu 
1

l'lfilom·hn~ 1 fl~ 

IVlff ( u-glucosidase) 
1l~11rl mu 11'1f1JlJ£lnl9lff (maltase) 

.; .. • •111 d " - ~ "' 1m::'ljlfl'iff (sucrase) l1\J'i11llln1 n1nnurn1urnumuu 
. " 

ti'mt~'IJ11li'hl'l~fomrnnvi 1viumu hil1mhillh 
,,.;. "1'1 ,, ~: l!Ull11J£l1Jtn'i u !Jlm91hmmmulllllmnn~1flff 

I dj/I 4 -..: .a \l e' 1 ,,1 
nmJ~V1'lfrn'IJ1~m ::11n-movi Vl-llllllll£lmlJ 'lfUntflllJ 

" M1tJ~mlllMll~£l\)nuuif-ltn'ilh-31u 11::'li1u'll::nom'i 
" " ~viciimhmnn~ 1flff11H1n-3 m'i~viciimhmnn{l 1M 

,,, ~d .J! •us 
1'1J1~m ::11mnovin11:::'lfrn-31'llunu 

1 d A 

lntWUlll11Ul11fiVlfl11:: insulin resistance 11:; 
"' .:. 1 ,, JJOl'ilYUJm::u1unn gluconeogenesis viunnm::91u 
, ,, 'l ./d .; ,, ., .: • .1 mmJ 'lfln1Ln1J1'\J£l-lnum::mlrnl1H1m1in'llu 

1lJm-lmiunuiimmillm'iffn11J1lnn 1m11u~ff::ffll1u 
., 1' .x,,,d ~ 1 .: .1 "' 91\Jlln::n-cnmuo mi.Jnuumun~ mmrnmn'\Ju >J 

~ d.J. 14 ... : nnnmmtu-llnnn-u llf1£l ff1rn'nvim'IJ£l-3£l\Jl'l11Jlllf1 

ff1Ul'ifl~£l-3num1:: insulin resistance 1lmwmm1u 

'llttVI~ 2 ~\)nmdu11h~1um'i 'l~i'rnl1mm·lln 191ff1u 
.I"' '1 1' 1 d1\1'"' ., : urn1ru~-3 ~1 viunwm11111m muffl'iffnviui 

£l\Jl'l11JllltY'IJU1V1 2 iini'iilm ~oi1J lrnJ 44 iu ih ::~u 
: 1 , .. ;. d mmnn{l flffun:: HbA1c umovimm1mj1m11111m 
'l ''111 ., .J ., : 1 , >J ~1mrnnvi'lf-l'i::viummnn{l flff un:: HbA1c u 

" . " 1tioviil1nll1fiu-lnu1tl;!'IJl1i.Jn9ili
1

l>l 'l~i'u1l1911n1·lln 

1 6 .: ~ J.... I d\IJ.I"' 91ff 1rnn111mmnnn111u1J-3l'IU11ll1j'\Jl1l1 ~1'i\Jffl'i 

Co' : d • l1 e'd d ,, 
fffiVlll1£lU1'l11JllltYUn1rn1-31U'IJ£l-310lJ l'lflltllfilJ1'1J£l-3 

fium::U1lJnl'i gluconeogenesis nmH 1'1iu glucose-6· 

phosphatase, fructose 1,6-biphosphatase 1m:: glucose-6-

phaphate dehydrogenase 1Ln::m'i1l~i'uffl'ifftlVl£lUl'lllJ 
JI I I I 

mffilif-l1Vlumnimu'IJ0-3m11'l'lfuli1nu1,Yo-3ti'u 
'11' . . m::U1trnl'i glycogenesis ~Hin hexokinase 1m::1Htn'i 

fff 1-3 'lnn1f1LlltJ ~9iuun::n~1mif 0~1u6 

39 

mrn'i:::~umrn~-3uof1>momrau'11miu 
tfou1fltJnn1lmni-l~n1ft'ty1tmmnu~m ::~uJ1mn 
1unmifftnovi1l1i.Jn9i ~-3 Verspohl 11n::tiru:: ffmn 

q11i''IJ£l-lffl'iffnm.>U1'11Uuu1m::orn'llumtY~onnn'i::~u 
mrn~-ltrnfhnJOlHlilUlllnLU~ll'llnn'llttVI INS-I 

1·1u11 
./<; 4 A ·11.11 d S/ " d U U£l'j 1lJU£llHlnU ~ VllJ91H 1m::tlfl1UJ1'1J)J'\JUIVllJ1nlJ 

" ; ~ .c:I ""' .c:iri ,, ~1 .. .. 1111 ' llll£lUL'llU'1\.IJJflll1im::91uoo'i mrnmtmJ mnnn11 

£JU1'111J1t1ff 11~vtl1-3 1h~mim1'iffmnrl'11'.hm1'iffmnti'u 
J d CV I 6' ~ d U 'l >d g l'lfnnlJ::1Hviuovu'IJ£l-lff9lT11vino-3 'lf-llJ-3 llllmrnmn 

1vi~vuuumli'vi11 ffl'iffOf!OUl'lllllf-lff£l-l'llttV1ffllll'ifl 

m::~um'il1~-3uof1lJuoutyilu111n 1'lln ni.Jn9i 'l~ 
"' u d ~~ A a 1lH'lfnn l'1Juumm'lfnnmnmum1m::u1u-

• 1 u ,, • 1 " mnnn\) flfffin\Jl'IJl\YflllJ lmmn (glucose uptake) 

A • 'l· 11 " " ., '" d 1 1 . I mom u 'llff'i1-:i1rnH1umomun-::mm~ flff uiu 
I d ' ·~ I d lnn 1m11u 'lf-lmm1um::u11Jm'iu1IJunn lmnH 

" . 
nm i' rnnrnpl'i ~~utl1mn, lJ lft £lVliill n11Jn l'i ff mnli 

. ,, 1 " " 1wn111no1J1'111J9l£ltn'im::91u mnvim::u1lrn1'i i, " 1' .1 "'l "' glucose uptake m Ul'lfnnmrn11uoniu11n::1'1fn'1 '\Jll\.I 

1llll fl.ff. 2004 Anderson 11n::tiru::'l~n-ti'vi1m::11un 

polyphenol polymer V'i::nou~11J 2 trimer 1viu1uu~n:: 

trimer iimn 1lJmQmlhnu 864 mi:; I tetramer ~iimn 

1mnQn 1152 111nm'i11mmi'1flHfff1nm1flii1vw1.lf 

mflttfl mass spectrometry ffl'i~-lnn11fio doubly 

linked procyanidin type A-polymers ~-3fl1U1lJ 

1flHfff1-3'1:::V'i::noU~11J catechins ll~£l epicatechins 

~-lii.J~ 2 

Terminal(T), Middle(M) Un:: Base(B) unit 

llITIJUllllJU1m-lfff1-3 trimer ti'u tetramer ;jm111 
' u .. 1 1! "' 11Vlfim-3fi\.lfl£l M-unit 'IJ£l-3 flHffll-3 trimer '1:;\'IUll'llJ-3 

" l hllnfln'\J0-3 catechin nhll'uu~1u 1f1Hfff1-3 tetramer 

1 " .. . '1::1·1u 2 lltnf}n'IJO~ catechin 11J£l\'llll'illl1lfll'll::ff1U 

'IJ0-3 M un::: B-unit h11flHfff1.,iinm~o111u-3nu1u 

1lJmf}n~~1u11u-3fl1fuou~ 4 1m:: 8 m11ii.Jh1HfffH 
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d 1 " .d .A u ,r .. 1 ,, 1 
<Jl.:j flHti"n,:i 2 unit lll'lltlllOlHHJ m.:iff11.:i lJmflll 

mihmtiu hmll}I\ proanthocyanidin B-1 dimers ~.:i 
Q .:~ .J , d ' 9 .ct ,..( 

«w11u~lll1Jt1mnmu lll'IJMlflill un::uq<trnn~ 

.-. : ~ I jl 

'i~~ummn 1rnm>~ 1~urrn1 mrn'i::911mn:m11 

, ., ,, .l 10 d 0 

glucose uptake lll'lmnnm1mrn llltlllUJ1ll~ffUU 

fp1f nrn<J1mf'l'lllJU11nrnom1~nu.:i\'I U-:i1 doubly linked 

procyanidin type A-polymers «1mrnm::~lllll\:: 

mmrn1«~1Jflll (~ 'llJtiu ou {11m Vll q'~ll 111nu1ifo 

m ::1n1mu glucose uptake 'I~ 
.... J 4 ,, 

niu11Mnm1uqn1im~9111m ::m1m1'i 

glucose uptake 11~1 Jarvill-Taylor 1m::flru ::'l~fVmn 
'l .tq "'I ., d ' m1 nmrnunql11i llll'lll\I\ 'IJ1J1l <J1.:ilm11 ff1'i doubly 

linked procyanidin type A-polymers lhlltl'1~1«iim1 
-'1 a a 1 V q >la !IO'i JJllOllq'l\ll (insulin mimetic) ~um::9111 lllln~ 

nm~mnjphosphate U\l tyrosine residue mulll p-
. d ~ ' ., 

subunit 'IJU.:i msulin receptor '1MIUlln1'iff.:iffOJOJ1tl! 

, 'l-1" 1- I « ., .<I , " • ' ' A 910 IJU-l IJ'j9JlJVl'lOW] llllH11ltlUH91Ul\ltl-l Ill\:: 

m::~111lY Phosphatidylinositol-3-kinase (PI-3-kinase) 

0 .!. .K ·1" lll-l11lll'l1J'llll lm::m ll glucose transporter 4 (GLUT4) 

~ .d 1 "'lu'l' d mnm1mnnmu lll'llrrn 'UUU iJ~ cell membrane nw 
. 1 ., " 1" 1 ., ,1 mn~ flffOl\'lH'U1lJ1 'b'll1U 111'111\il llVOll10llff1'i 

., .. 'l .d doubly linked procyanidin type A-polymers u.:iunn m1 
y 

uuu-imnh.:i1ll'IJ()-l glycogen synthase kinase-3- p 
4 u ! 0 'l .,.., .! 

(GSK-3 p) '11-ln1WUU·rn1rn1rn1'1JO-ll0ll 'llUVl'lll 

. 1" . '1" 4 .K ' ff-irrn ll glycogen synthase l11-l1ll ~lll'llJ'Ull 1m::tH 

m::mll mrnf 1-i 'lnn 1t111>1111Y1~un-::m11111CJ1ntl'mn 

t.:i~11 11 
Cao 1m::riru::

12 'l~fimrn\iu19il.J1>1nm'iffmfl 
,, ~ : .ct 

'IJU.:i Jarvill-Taylor 1~uhmrnnmnuo-iu1Jl'l1Ulllllll\:: 
d 

ff1'i doubly linked procyanidin type A-polymers '11~ 

'I" u I d ~ I 

mmmrn~no.:innllru::1'll\H~u1nu Jarvill-Taylor 1191 

~-i~n'm·1rn~m9i11Mo ffU doubly linked procyanidin 

type A-polymers ff11J1'Hlfff1-i 11l"I9i11 Tristetraprolin 

~-i 11l'i~ll'll11~rl'lhmY1tiuufi-im"Ifff1-i cytokines ~ 
id SJ U U I • 

mu1'\JV.:Jnum::u111mrnm«u l'b'll tumor necrosis 

.J ,, 'l ., factor-a (TNF-u), eicosanoids (llff'i1-ll0ll 'Jill cyelo-

oxygenase-2) 11'.11t9"11 Cao 1m::firu ::'l~1«uvnn'lnm'i 
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OVOC]ll('IJO-lffl'i doubly linked procyanidin type A­

polymers 1111CJ1ntl'IJ,jll~.:JiiJti 3 

11omm1u1>1nff1'i doubly linked procyanidin 

Colet <QA ..d l A 
type A-polymers U.:ilJffl'i'llllflVll'] ll\'llJ llVlJl'b'U '11-l 

11li'.J fl.ff. 2006 Kim 1m::flru::'l~li1mrnunm~ 

dihydroxyhydrocim1amic acid (DHH) 11mahm~ 

ff-llfl'il::lful!l~lli''UU-l dihydroxyhydrocinnamic acid 
. .l ., ,.. ~ 

1illJ'\Jl1l'i.:iff11 14 'llU~ 1 1 1>1nmrn~ffvuq't1il1tm'i 
y 

" u n'i::911rn'i::u1um'i glucose uptake 'UU~ff1'ilNlUJ~ 

\'1u-:i1 ihr1u-iff1'i 3 'llU~1Y11tf11~llYqnf ~.:imin~~~q~ 
'l~uri DHH, DHH103 111\:: DHHIOS 119imunn-i1hff1'j 

,, . 
nm 2 111 ihfiu.:i«1"I DHHJOs ll'hu11iimmrnnfl 

,, d .. J ' 
'i::~rnhmn1111iio~·1~ '1Mff1'j DHHIOS )J'b'()'l1 

naphthalenemethyl ester 3,4-dihydroxyhydrocurnamic 

u ..d ~ ,:~ 'l ..'q 
acid ~-iiill1 4 1rn::ff1'i'b'llflmmn nmrnvnq\11i lll 

V I d U 

01'im::911m'i::1J'llln1'i glucose uptake l'llllmU'l01Jff1'j 

doubly linked procyanidin type A-polymers 

n 1lff011 nn .:i fl iii'i O'\J D-l lf 1llYOVID1J l ~ti 

TI fl.ff. 2003 KJ1an um:mu::'l~ffmmm'IJV-l 

n1'i 11forn'b'u~u11rio1«1 «liri 'i tj'il1mmlm u 'llU~~ 2 ,, 
ll-l'll1U1m::my-i ~11rn1 60 mi 1mmqlltj'il1uiiv1~ 

~-iu9i 4o uef1i'liJ 11n::tj'il1uiim'iHu1nqll 

sulphonylureas 119i'hiiim"I1~oof11mollq'~llllln1'i ,, ,, 
U • 11 "' <I .. 

fl'lUfpn::~rnnmnn~ flff 111nu~ t1unm1m1>1nu 

tj'ihu~1,r1i1u11tnum"Inmn'hiiie1nmhml'.11t 1'jfl 

J "' 1 .. ' {)ll'] lltlOlll\lDll10 'ifll1J1H11ll 111\::llm fasting blood 

glucose otj'i::ll11-i 140 ii.:i 400 mg/di (m~.u1u119i"1:: 

nqrnnnn-:11 200 mg/di) m'itlnll11\~mhtj'il1ml'.11rnn 

n<jlJ 1~umun<jlmrn 'l~fuurnnvn'llll1~ 1, 3 1m:: 6 

nfl.l9iv1u un::un«11mqlli~fovrn'llu~llm'i~1miJ~n 

'IJ\11~ 1, 31m:: 6 ni'u9io1ll 1l'.11t'i::u::nm,f.:ifi1140 111 
d I ,,, I .d\ ~CJ 4 <d _,, : Cfj Cl 
'll-l\'11J11 ~il1ul1 l~1rnD1J1'llu1>11m::~ummn imnv~ 



T7iail Plrarmacol; Vol 29: No 2, 2007 

0 

H 

atJ~ 1 cinnamaldehyde 

T·unlt 

HO &~ OH 

0 ... ·· 
2 M-unll 

HO~_..·· 

HO~ 
H0'0····· 
HO~ it 

- R. OH a C•> cat.chin 

· ~"•R •OH• M ~techln 

OH 

41 

atJ~ 2 ~911 lm·Hl'fi-:1 doubly linked procyanidin type A-polymers 

.. 

3iJri 3 llffVl'IOn 
1

ln'UO'lff11 doubly linked procyanidin type A-polymers(cirmamon polyphenol) 11Jfll110Vlm ::u11m11 

g lucose uptake mtt1m'l1ml'l'UlJU lvitt doubly linked procyanidin type A-polymers m~~u1lV1nvim~in1rnn 

phosphorylation~ insulin receptor 11n~nvimnhnu PTP-1 (Protein tyrosine phosphatase- I) ff·H-m 1lVm~~Ufll1 

ff'lfft)Jt)!1ill11m;¥J'm01Hn)mn~1J ijr·m 1lV PKB (Protein kinase B) ti'u J .:imnimmrn.:i GSK-3 p (glycogen synthase 

• VqV Add .r . 
kmase-3- p )01~\JlU Ill glucose transporter 4 (GLUT4) mn01JlllJ1t1 plasma membrane lJ10'1JU ff11 hnked 

• • " ,, q ,,... 1! 1·' .ct • .r .. 1! 
procyamdm type A-polymers ll'lff1lllrnm~111u 1lUJfll1ffn.:i u1\ll1J Tristetraprolm ll10'IJU mmnviflllff)l'I TNF· a, 

Interleukins, COX·2 l~iJ9"1/0 
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0 

~ 0 

HO 

OH 

3tl~ 4 naphthalenemethyl ester 3,4-dihydroxyhydrocinnamic acid 

'fWHNl8 -29% s::~1J triglyceride 'fWIM 23-30% n~~1J 

cholesterol 'flmN 23-30% U'fl::1::~1J LDL cholesterol 

"~"~ 7-27% mhd11hH.inmtlguuutlM\Jo~s::~1J 
• y 

q Y..•1 "''11'., .. " HDL cholesterol 11Hju1Vl1 Yl'i1Jtl1Jl'lfUllt4 ~nmm 

Y..•1 '11'" .. 4 ' '1-1 ., • 
r;J u1u11~~ m1J01Jl'lfUlllJ 1mmmrrnl u 20 1u mnu 

y 

1m::~1J'IJ0~1hmM~ 1M, triglycerides, total 
d ! d I .d. 

cholesterol ll'fl:: LDL cholesterol onm~ 'll~l'nJ1llJ 

CJ .J d11 I .J A - ~ d. 61 .J s::~1Jllfl~l1 i11tltlu1m1fo~nrn1usuunwm1n1 40 nu 
• y 

lio1J1'lfuli1JU~fl~rmmofl11.lfJm::~rnl1m'1n~ 1mYlu 

J!.•1 'IP"' ", ".'1 'I 'iP"' .. d ,...., tju1U ~l~lllJ11iju1Ull:: lJ Yl'i1J{l1Jl'!Wllllt1VlllJ tf11lU 

"' • ' "·'1 11 '• d! " " tl ll~lllJ :: Ul11iju1UtJlll lJllllllllVIO~rn s::mlJ01Jl'llU 
d. 61 cl u : 4 
11min111mnmrnfl1mp1s::~1JU1V11'1n~ 1Mlu1m1~ 

Vanschoon-
JS 4 q V ~ d " Y. u 4 beek 'll~ 1l! Nilmrnnlllmm11u~n1J Klmn 'll~ Van-

schoonbeek 

l1Jlll11lJ'lfW~~ 2 lun·m11~~1'ummtl1::~11~ou 
• 1 ' dj ' 

11 "., 'I ''I" 111u1u 25 mJ ~u111J~06mu11 2 mp1 mrnm:: " ~ 

fo6rn'lfu ~u1u'l~i'1J61Jl'1wli1J l1,itl11t1tl'lf'1 lmnn~ 

1.5 ni'mi61'u1i1l11mn 6 ff'tlmlf 061Jl!U'1lhmsflmn 

~il1ui1J1lt11uiin1sl-*u1'fl~s::~1JJ1~1'fltt'fl1mr'fl1u 
'llW~ l 11 'IJru ::1~ u1 nu ii~iJ1utJ1~tnJ 'I li'l?lt -*uiu9iH 

11imrn1UfllJt:i1mrnuHmu1 ~~muH~~ms 'l?lf11 

t11Jl'llU1i1J 6 ff'tlmlr1·m11 ~il1u1ml111mf~,rn~nqi1'lli 

HbA1,, triglycerides, cholesterol 11n::s::~rnmfhmn11-
• y 

~ d d\11 &IO q-4 
qnu mn10111'lfUllll i1minrn'flm::~rnnm'fl 1umv~ 
1l~tumsflmnll 0111iifflll19)ll11J1n~1mu~il1u 

Jq >'~ "'• >' i ".'I dj l1Jlll11Ul11'lf110llllJllllnUlHlU 'i1lllWJu1UlU\Hl'lff 

ll t°Y~lf ~m1~ 1rn n 111nllijiJ1uitJ1u~ ii m'i Hu1fl11JfJJJ 
y ' 

'i::~mhm'1limnnmnun1rnon 'It.I 
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Alprazolam is considered to be one of the most efficacious and widely used drngs for 
the treatment of generali zed anxiety disorder (GAD), panic disorder, and phobias. Although 
the original immediate-release alprazolam (alprazolam IR) is very effecti ve in treating these 
disorders but it has few limitations such as shor t therapeutic action, marked fluctuations of 
drug levels and hence side effects and marked variation in therapeutic effects between dosing, 
difficulty in withdrawal of the clrng, and potential of drug dependence in long-term use. The 
development of extended-release preparation of alprazolam (alprazolam XR) not only can 
offset most of these limitations and also promotes more favorable profi les in clinical setting. 
Patients currently on alprazolam IR can be switched to alprazolam XR with ease and with 
minor dosage modification. Alprazolam XR also increases patient compliance with once daily 
dosing, reduces clock watching phenomenon associated with alprazolam IR, and is safe for 
long-term use with less relapse rate of GAD, panic attack, and other phobias both between 
dosing and when taper off drug use. It is much safer and cause much less fatality than 
tricyclic antidepressants (TCAs) and monoamine oxidase inhibitors (MAOis) when overdose 
and it therapeutic effect is attained faster than TCAs, MAOis, and selective serotonin reuptake 
inhibitors. All these favorable characteris tics make alprazolam XR a very attractive 
alternative drug for long-term use in GAD, panic disorder, phobias and other chronic 
disorders when indicated. 

Key words : alprazolam, generafjzed anxiety disorder, panic disorder, extended-release 
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mmq1rn'l11 111mmim1V1-inm1m mm1rnm1nmrn 

Vl alprazolam l mhrlw1111V1tlflV1tlri vu9i1u1ri1t1'ty 

I SJ I d 4 

tlOnlJlOUl'l'lfl']llflZVIOltl 0'1 (extended-release ll'i tl 

J d O &I' 4 4 OCI Q 

XR) '\JlHJl tl OVll 'i 1J lllHUO fllll\JO 11lfl91 l'i U'lllJVI 

ti Ml ii riv u9i' 1u1 ri1n (\! o v mi ii~ 1~ l '*ti1J vuH 11vd11fl1u 

lJllllHllll1 1m~'l~i'1Jfll'il'1tjl1lfoll111 alprazolam XR 

fltl'i ~ffll illll'I hrnl'i fo lJlllmttUlJ OU alprazolam IR 
y 

9ili'u~-i1fo1°3> 11~iiflrumJl1V1m,,rntY''lfllmJm«vifofl:: 

Nftlll'lrt~unll1w~1'1']~m11vn11~1foi'11~11 

., ' 
Ulll''IHlfl1JflltJVl~'IJOIJ alprazol11111 JR um: XR 

d I ti d ... -' 
alprazolam Qfl~Vl'lflJf10U'\JHl'i1 111Jfl1J 

mrnun 1tl'i~1Jtl'i::mru 70% 11fl ~ ~nfi1~V11Vlu 

m::mumrntlrnml·1~9i'u 1V1u10u
1

l<J11J CYP3A4 t11 

.l .. ~ 4 ti 
flH'lf1VI (half-life ll'itJ t1n) '\JO-l alprazolam 11:: 'iZlJltll 

12 ~11m alprazolam Utll oral bioavailability fltJU~H 

tJ-ifiutl'i::mru 90% f)tuffui1Vim-i111ff'lll1llllfl'lfl'Vll 

'\Jtl'I alprazolam lu9i1i'u IR 1m:: XR ll :: ll~fl~l'IOU 

1rnivll11J 1'liu (I) nm~'i::~uv1tJ'l~V1 l11mnffm 

(time to maximum plasma concentration ll;O T"') 'IJO'I 
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a .,f .J. I ~ 1 
alprnzolam IR lf1¥1'Ulnlu'I:::lJllll 0.7-2.5 '111 11'1 

q .d -=t i ~1 .d 
1wuru:::ll T=, 'IJO.:J alprazolam XR llfll 9-10 '111 lWll.:J 

11:::~1n-hllln (2) "I:::~mn1mrn1mm10.:i9i1f11 IR 11::: 
d I 0 to/ A 

'1mi.:i1nn1w11rn XR mn (3) llHNllln alprazoiam 

h19i1f11 XR 11:::fioucitlM1tlrltHJUltHJOlJlOUl.:J 
; 4~ d ,, I 4 I 

fflll!IYlJO IJ.:JlJn U ~JI 'lllJUll 'IJl'il n 'I:; 11fflftOJI0 UH 

' <l 0 i ,, QI Co.I' ''l" 9101llO·:J'\'11 ln:::J11J'IJO.:J alprazolam ffllllrntH9110g ~ 

lrn.i°
4

•
15

> (4) 1rlu 'l¥1'f 11u1i mnrnmhnu fi1f11111 

" " 1 1'IJ11 'U 'W ~ .:i "!JI ll ,., n l ff lJ l (maximum plasma 

concentration ll ~ o C ) 
mu 

alprazoiam IR 111'Um~nhnu11:::\1.:in11 alprazolam XR 

1 <l q " .. ' 
~U!lJO ill aiprazolam TR mo XR '\Jlll91 2 lJn f1l C m.n 

'UO'I alprazoiam 1J1n9i1f 1J IR llm~ XR 1J:::1tJu 31.7 ± 
6.3 mi::: 18.3 ± 3.7 m 11rni'u/ lJ'1 9111J~l~1J(l4) cit!~ 1) 

m1:::fi1 c=, '1Jo.:i9i1f11 XR 11:::1m:::mjiJ11'1:::iif11n1 

11U'ItlnmYoun119i1fo IR(l
6

) cit!~ 2) fll~l.:i<JllH 

lflff'llll'1'Wfflff911'1Jo.:i alprazoiam XR 1uiuiu (01~ I3-

l 7 U) 'hl11vin~1.:i111n hH~(hmi'hJ1111:::1~ufi1 c , T , 
J u m.l.\ ml.'( 

"' .x .iq " I " " 1 T,12 H"Iomrn 19lmn 'UO.:Jf11UJl'\JlJ'\JlJ'IJO.:JU1 lJ 

mnmn-nn1 (area under the plasma concentration­

time curve (AUC)01> 

jl I I V I 

mn1m T ""-' 'UO.:J alprazolan1 XR 1J:::'ll1n11 

'IJO.:J alprazoiam IR mn ll~U'I:::ihi~r·m'IJO.:J aiprazolam 

XR 1umn:::r1101nwuo.:i GAD H1o panic disorder 

a\11' " ' ., <\ ., 
ll Wlilfl11 alprazoiam IR mnun llJO.:Jllln'I:::~1JUl'\Jtl.:J 

0 ~ ~ d u .d.'l" q alprazoiam lllnmrn XR fflll1Hl'U\Hl.:J'I:::91rnl m-m 1lJ 

mn:::foo1nm11uiu 2-3 i'11mulY111:::~11u1~.:iq91 

1u1i10~11:::1n91ef11umrn1ui1 hi.:it1ft'.:i111mf u~mll cit! . . . 
,. . ,. ... " .. 'i ... "'I" " ll 2) 1191mrn1:::9111u1 imnomHog m:::J1rn1 mm 111 

... ~ 1 'I ,,. ' .r m nmrnu11nm1n11 ~u mmn11n1.:i"Uu1m:::Mmn 

~ 'l-I ' <\ "-'I 'l ' SI a <\ '" lllll uOUNnmllllil:::~u1U lJVIO.:i'lVIOl'IO.:JnlrnlJ 

• • 
f 11tl1:::m11u1iio~o 

1

ltlm"I1:::1:::~11u1i u'Uru:::1!1rn111 'hi 

~n10~11:::"I:::r1101m"I'IJ0.:i 1rn '1¥1' O'll1u~fotl1:::mu 
atprazoiam IR 11:::1n1~0.:iJJo.:im1'1m1rlo11:::'l¥1"hii111 

49 

fotl"I:::muu1fif .:i~tl 'lt11du.:i 111n 'hluu1m~u.:i~tl nu 

mufiunu11'Uo.:i 1 rn tlnnumHuli'1!n11:::1~unnu11 
_, " 'I "" .. u 'j l n {) fl l 'J Ill n l lJ 0 .:i lJ 1 w n nn 0 clock-watching 

phenomenon 

lh:::rr11fimmviniiu n'IJ0~ Aiprnzolam XR 

i1Jll I993 lioumfou 3 m'Jffmmnrnih1n~ 
l1~11utl1:::fh1~M'1'1JO.:J aiprazoiam XR 1unuf mn 

panic disorder ~tlon111J1Jfll'IffnlJ1~fl~lUtl~~n11191uii 
.Ji1.:itlfo'U'U1Jl'IJO.:iu1 2I i1111ll¥1''Ulll9l~i'*11~.:i1mh~ 

folJl fll"IffnlJl'IJtl.:J Pecknoid 1rn:::flru:::0
SJ ffnlJ111J 

.,_,, 1 i.. ... 
rju1U 215 nu ~U 'II aiprazoiam XR 6 lJn/1lJ 

. I"' ,. ., di >lu /: ~ 
lu'IU1JltW1Jn1J aiprazoiam IR l1 lf1\rn:; 4 flHIU'W 

.,_I o' 1' • d11~u , mn 3 iYumH 1m:::f111Jfllm1unqm1 ~1rnu111iltln 1191 

nnffnlJl'UtN Schweize/
19

> 1~ alprazolam XR 'U\ll~ IO 
• GI .:i U U U I 

un11u Llw11mwn1 {lo n nn.:i 111nu11 ll:::fl ouci ft91'U lll91 u1 

1 1 >I .,_ I o' a 
il.:J ~u 'll11flllll\l I6 ffum11111m~~u1 1m:::9lJ19lllJ 
Sl.• t ,. .,_I o' <\ • I a ., a 
rJu1Uon 4 ffum'lfll'ltlu'I:::UJlHl'1nnnil1JUllnV10lnl'I 

panic disorder J1umrn:::o1mrnomn (withdrawal 

.d .q ~ d ~ Jo e. 
syndrome) 'tlOlll Ln~'UlJ tln I nlHlfllJn1m11nrnn 

191 U Alexander(ioJ 1UU1'.h U ~ l\l1 lJ 2 3 1 n U 1 ~ U 

1murnliu1J aiprazolam XR '\JlllVI 4 lrn/ilJ 1rn:; 6 lJO/ 

u " a 1 ... ru 1\l f111JfJl1911UUl\lilOnun:::lJ'll1.:Jurn'IJlJ1Vl'IJV.:JUl 21 

~ 1 "'l 1' d 1 " a i ' ., ' ,. ., 1\l ll ~l'Ulll91ll 'lllJH \l'll1.:J'inlJl 1'll\llV1U1fl1J 

fll'iffnlJl'IJO.:J Pecknold0 8
> 11~'1f1.:im"IfolJ11J:::1rn1 6 

ff'tlm1!11'1~i.f/11n1n9l 'U\J l91UlM 11u lf ~~ u1J11n111 rl u.:i 

.,_I o' a ".'I d ~-1 ,/ <\ • I a 
4 ffummrn:;9191mur;1u1uon 4 ffumml'ltlu'J:::nrnr·rn 

• 
mrnii'11m1n~tllnl'I panic disorder ~1umrn:::mnu 

.J a .,f . I a . I a a 1 
omrn111011Jlfl9l'IJ\l flflfll'iu'i:::UJlJu'I:::fflrnrrn um"I 

u 1 i" " lnlll 91U 'lllnlll'tl'IJO.:J Hamilton Rating Scale for 

Anxiety (HAM-A), phobia rating 1m::: work disability 
• 

measures \'11J11ti'~ alprazolam IR 1m::: alprazoiam XR 

11V r·rn nl'i f nlJ1~~n11u11rn 0 no u1.:iih! uri1fi (\!11'1::: 

'l¥1'r·rnfiou'IY1.:i1~1191m~wn:::m"IffnlJl'\Jtl.:J Schweize/
19

> 

O'u1mhu1my ( mnn11 80%) 
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~ 35 . 
- Alprazolam-XR 

~ 30 2 mg 

6 25 -

I 20 - - --

15 -

~ 10 . 

l 5 

Cl 0 
0 10 20 30 

Time (h) 

_1.J _ !;! ., "SI 1 "' 1" ... d 1" J ull l lmVUllHJUfl'llJJL'\JlJ'\Jll'\JtN alprazolam ln'ICllfflJ11"Nll10 H aprazolam IR '\Jlnfl 2 lJn mmrn ll 

alprazolam XR 2 1m (~i'fluuMIJlllln Mumford et al., 1994°
4» 

=i 80 

t 70 

6 60 

~ 50 

I 40 

30 

I 
-+- Alprazolam-XR 6 mg OD 

20 - --- Alprazolam-IR 1.5 mg QID 
10 

Cl 0 
0 5 10 15 20 25 

Time (h) 

_ 1.J I .d )J ,, 1 .d ... 'IY"' ... 
J ull 2 flll\H!Ufl11IJl'Ull'IJWUO~ alprazolam Hmnmm1 steady state mN mu alprazolam XR '\Jlnfl 6 lln/Tu 

~ 
... ... "' _1 • cm 

m i:: alprazolam IR 'Ulllfl 1.5 lJn 1lHl:: 4 flH (flflllufl~lllllln Wright CE et al., 1997 ) 
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Alprazolam extended-release 

CGl·t.o\ierity CGl-ltr1)e'O'\Umont Mean c:f\.ange In paric 
Allack f1~y 

,~l-.,_--SC-0<-0S-lndlc-... - , - ... - .. -,.,,-• ..,.,- k -, --0-\<-0mon~tl 

a Alprazolam-XR (n-61) 
• Aprazolam-IA (n-66) 
a Placebo (n-61) 

• p - 0 .052 

•p < 0 .01 

3uri 3 l)l'jlUllJULlllJlJl1l'HU~UlJllUf1~'\JO~fl1~11VI cognilive global impression (CGI)·severity, CGI·improvement 

' .J .J ~ "· • ~ u 'I "" Ull~fllllHlUfl11UO'UO~ panic attack 11~ I ll'ummrn~lllfl muu1 alprazolam XR, alprazolam IR un~ 

Ulllf10fl (flVlflOflllllllfl Rickels K, 2004<
15

) 

Vll '.IH~ 1 1murnliumh::ih1lir·m'llO~ alprazolam IR 1m:: XR nu TCAs, MAOis 1m:: SSIUs ~H°f mn GAD 

1m:: panic disorder 

Ul 

GAD Panic disorder Phobic avoidance 

TCAs - 3 ff'umll +++ +++ +++ 

MAOJs - 3 ff'tlm1! +++ +++ +++ 

SSRis 2·4 ff'tlm1! +++ +++ +++ 

Alprazolam - I -fftlmlt +++ +++ +++ 

(IR, XR) 

~~llUMIJl~lO Rickels K, 20041
m 

' ct - ~ <d. JI .ct -1 <Q<Q<Qi I . el 

Vll'.IHYI 2 lu'WU1l1UlJr-tf1'1Jl~lflU~1m::uonwu::111HUl'llO~ alprazolam IR 1m:: XR nu TCAs, MAOJs um: SSIUs 

~1~i'mn GAD 1m:: panic disorder 

~1~UOU'l' 
~ 

Ul 1httl!ngJ1 11Y9io rnn11rn11ii f~n1 m19lmrn nmff11~V1 01mrn01w1 

ll°1lJ CVS fflJ'irn1~::m~1m1 l~lHJlllU 

TC As ++ ++ +++ + + 0 ++ 

MAO Is + ++ +++ + + 0 ++ 

SSIUs + + + ++ +++ 0 01+/++* 

Alprazolam +++ 0 0 0 0 + +++ 

(JR, XR) 

'l' nJJ psychomotor impainnent ¢11u 

* Fluoxetine = 0, Sertraline = 01+, Paroxetine = ++ , ~llllUMIJl~ln Rickels K, 2004111
> 

51 
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t·rn111r·mm'ii'mn~1uu1 alprazolam XR r-mm'ifftnn 

'UM Alcxander<
20

> iiiltym111nm'ifi~ihu11rnzjJ.Ju1 

,, ... V I I 

mn NHnl'i'iOll1V11U alprazolam XR 1>::tJ..:in11mpw1 

mrnnt:Ju1..:iii11uri1nty 

Schweizer 1m::mu::<21
> thum1d..:in11fimnfi 

1~mnH'1J'UlnVI alprazolam XR vrnm1rnornnrn..:i 

'Ut>..:irjihu 1rn::i'n111~\hu panic disorder 1~1mn1 6 

ihJmtf~1U'lllnVln:l~U'llO..:i alprazolam XR 4.2 ± 2.5 

Jm/-J'U 1iiuun1JU1HHOn Ol'ii'tnl1~1U alprazolam XR 

·1" .d q d l11 llfl11J.Jfl'IJMnl'ilnVltl101'i panic mrn..:i 87% ll1U1J 

nllntJ'Um'ii'mn ri11rnmmimhhfm1u~'IJtJ..:io1m'i 
.. ., . 1" nvin..:imu..:i 16% alprazolam XR u..:im trn111q1mH 

'IJtJ..:inim'i phobic avoidance, GAD, 1m::tJ1m'ic'gJJ1fff 1 
d.~ I 4 Cl I I I ej, 

llllJlJ ml VI{) Ill{) ..:i 'U {)..:j {) 10l'iVI..:inft11VI H fl VI ft ..:i {)UH )J 

UUff1flty1rltJ1iiuun1JOOlrn1'I 
1l~i'1JU1 1WOll10rl' u..:iii 

nl'i ffOlJll U~ urnli urn.h::fftlil rrn'UM alprazolam IR 

nmhfo XR llfl::ummin 1u~U1U panic disorder 209 

'iiu1flu11n1 6 ti'uV11tf 1Vlu1t¥~1.hui'uu'i::mu 
Cl ~ .d 

alprazolam IR 11rn:; 4 flH um: alprazolam XR (urnu 

4.2 ± 2.5 >m) -foft::nf..:iml'..:itJ1tm1'*1 1rlt:Jiwqvi 

m'ittnll1 6 ff'umtf iirjil1u~vyvifltJV1m'iffmn11rn*1 

alprazolam IR 94%, 1un*J alprazolam XR 97%, 1m:; 

87% 1unijJJ~ 1l~i'1JU1lHIOO ll1001'iU'i::iiiur·ln 

1VIU'i1l.J 1viuH'1mU'll'IJll..:i Hamilton Rating Scale for 

Anxiety (HAM-A), phobia rating um: work disability 
v 

measures l'f1J11 li..:i alprazolam IR Uft:; alprazolam XR 

9i i..:i otJ nrp1 f1~111 n::iiu'i ::i1l1 il rm i u m'i 'i::fotJ1 nn 

panic disorder timliuunumu:~n1iu1mrnnou1..:iii 

i1uri1fityvintJV1 6 ff'umtlfinmn ri11urn~rnilu..:i~1nvi 
o d I 1 ~ Col S.l.!J d. 

1JOUfltl0101H1rnOlJ VIUlllVl01J 86% '\J{).:Jfjll1Ull 

'I""' d'l~"' Vl'i1J alprazolam IR, 79% ll ~l'ilJ alprazolam XR 

iu'llru::~n*JU1llftomnviu'i::mru 49% r·mm'iffmnrl' 

n-~u11 alprazotam XR iiu'i ::ffl1ilr·m1um'ii'mn panic 

disorder limiiu>inu alprazolam IR mhi1h¥1nmrn 
,, .. ,, • (22) .. ~ .J d1,, 
'IJ1..:ilflU..:i'UtJU011 tlOOlHIO'Ylll'U..:ill 'If alprazolam 
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u "-'1 ~I "'.I "1 XR rnll1rjIJ1U GAD 68 'i1U1IJ1Jl1ft1 21 ffIJVllll VIU 

u 'i:: iii lJ r1 ft m 'ii' mrnm::m1~H1 fi u..:i 'IJ tJ ..:i u11 ~ m:: u:; 
v ., _,., 1 ,, ., ,, .'I I 

'i1J.JlHIJ'i1J'IJ1JlVl'IJO..:iLJ1 lllllJ.J1::ff>mrnjIJ1UUVtft::'ilU 
I d1 ~!\ Q .r::t. Cl \ j/ 1 

ml1 'If 11rn11u'i::urnu'i::ffl11ifrn'IJ0..:inurnll1 lmin 

HAM-A, cognitive global impression (GCI), CGl­

Improvement (CGI-1) N n '\J tl .:in 1'i ff n lJ 1l'l1J 11 

alprazolam XR iiu'i::ffl1ilrrniun11fo1nrt~1Vlulhil¥ 

fi19i1-Jvi HAM-A, CG! un:; CGJ-lmprovemcnt ~~'U 
0 Ul..:i iJu Uff1fltyl dv1n VU nun tl'U 

1l~f 1J U1 lift :;n mm ii rl 
'IJO..:im'ilOVI01n1'i panic attack un::nmn111~UllH'\Jtl..:i 

agoraphobia M lY..:iu l'l llurj'i' n lJ11lft:: ~il1u9i N 

... I .Q ... I Sl ... •1 d ct.ct .c:t,j 
IJ1 ::nmrrnm..:im111 75% 'IJO.:ilju1Ulltl101rnn..:ivi'IJ'U 

d SI ... I .d .d .J ~ j) d .J I 1 , .. 
mn JlljIJ1UflHll1Nlll0Vl{)1nl'i'U1..:ilflU..:j'Jl..:jff1'U my11 

01m'i ~1..:i1rnu u~v1m'i 'hJl'Ull'i ..:i1rn:::tJ1mrn..:iv{)'hi 

u1u 1m::ii~t'hu 58% li~o..:iufo'IJmV1u11viuui'1J'IJU1VI 
, SI J' <I.: tl;:) Q 1 U <t I 

u1 H'!J.:i'll'Ul\'ltlll'lll 'i:::nl11im1 im11rnm11n:::onn-1u 

'I"~ ., y I lflU Vl'i1Jn1'irnlJ1~nu alprazolam IR mntllmmmu 

ufo1u~umnHu1 alprazolam XR 'hhnviiltymv:::'b 

SI • I "' i SI • Q d SI (2J) 
1JtlOll10VIO..:iIJ'i1J'IJ\11VIUl ll'!J..:in1ll~JJIHO'UtlU 

Ol'iffnmrrnnui'nlJ1'\JM alprazolam XR 

'lllnVI 2 JJn/11J 111J1J double-blind, randomized, parallel 

1 1 Siu i t .e;:1 ct c.i 

group VIU ll1Uft::m..:intJ'Ulrn\HU'iU1JlllU1J01J ,, 
bromazepam '\JlJlVI 9 JJn/l'U 11iJ.:i1tH1rn:: 3 ni'..:iiu 

".'I ., 1" 'I·' y .. ,, I i;jll1U GAD llfl..:i1>1nn11 llUl llllt11 21 11Jll::: l'Ul'!J 

'111..:i 1 tYUVl1ll'IJO..:im1ui'1JftVl'IJln~'\JtHU11Y..:i~'l'O..:iM 
d .J .. 

fl'i..:illlH (alprazolam XR lllftO 1 JJ0/1u llfl:: 

bromazepam lllnv 4 .5 J.Jn/11J) 11~:::u1::diu 

rrnm1i'nll1llnff'umtf1iiuun1Jnv1J 1l~i'uu11flm1m 5 

ffUmll alprazolam XR llft:: bromazcpam 11¥rrn hrnu 

i' nll11imliuunu 1viu1h11rtJ1m'i GAD ftmNu'i::mru 
v 

SI d .Q 4 I ,, " " - '' 70% 1rn::r-H1'1JHlflU..:i10V1'\J'UflOl~'\JHUOU 11n::1ju1U 
v v 

ff1Jmm1qviuni..:in-tJ.:it11l..:ii11J'(fVI01'iffnlJ11V1u
1
hJiirrn 

9itll~v..:ivrnnd241 

nnnJ~ammnn Alprazolnm IR 11'.Ju Alprazolnm XR 
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q .::1..J'1 .. •1 4 11'.d u .. I _, 
llJfl'jfilllrju1fJll'j0lll'lllUll'jnlJlu'j :: ff~flll:: 

1tl~mrnui'mn111mi1i'u alprazolam TR m1i1Ju 

• 'l "'1 ' ~ 1 .. Q dq ,, alprazolam XR 11::m fl lJUlmrn flUUfl'lltnmmm 1'11 

~o1u 1l1cii1~11'inom\'o~tl'i::1iiur-iftm'ii'nll11m::tli'u 
1'•~ ...;,,, Q _I "' Q ., 

'Ull lfl'U tH u1m111iuu n·1 o mnflu 'i:: mrn rrn nu 'i mn 
JUI "' 1 • .._ J' '11' 4 \1~1{fl rju1UU111lJOlnU'UO~ HlflllHl'UlJ ~l '11~U111 

'hJ1cii1nfl11rnr-iftm'ii'nY11flum~ mi1i11m11111n~1ft~ 

1nfl~u111nti111J 'hhtu 11l1w19i1fo1mJ (alprazolam 

XR) 11::1lVtl'i::ih1i f'lftllhnuu19i1i'U1~lJ (alprazolam 

.J Y}I '1 "u • q Y u ~ .J q 
IR) llrju1UlfW flrnogim:: rnrrnnurn1rnuumrn 111 

d 'l ' :: .J Y ' Y~ d 11 }'u nm lJ n1m~Nftl1~tl1u1t10inm1rn ~1'i1Jl11flU1 

alpmzolam IR ~lh1lV1nflu1m'i~1~lrnmnn11ft:: u1m'i 

1 .J ~ 'l"d Cl t q SI ~ q 1 
'UO~ 'jfllllflU'i::~u mn fl~UU fll'j lllfl11lJlJlJ 11111 

1~\rn1~11~u1nu litl'i::ih1irrn 1unui'mmim\iu,inu 

1 " f u ".'I "' " ' U lift:: llf1111J tflll~u1unqnvio~11::'111Uftfl (\!\11111nm'i 

1tl~uuu1 'lll 

r-in-«i.:i1fit1.:t'UO.:I Alprnzohun XR 
,, d. .d ~ 

r·rn'UHlflU~lllflfll11n alpmzolam XR ll:: 

fltl1Ufln~n1J alprazolam IR 11¥ifouli1
1

ltl11::liu1nu 

SI I ,, "'1 .J ~ .J' '11' ' ' 1lJllHlrnun11 Olfll'i'\JHlflU~lllnfl'\JlJ Hlln ~1~\Wll 
y 

I ..:t .P 4 0 'I 'CJ" 4' e'tv 
tJUlHl'lftU n-n1lJIUOllH1U JJffJJl'lll1ifllJ 'i::u::11m 

VI01JffUU~11::mu~u (prolong reaction time) ff1Jff\J 
y 

rnn1\Jmnh~1mi~~1u~vum::mu 11uuflrn:: m111 

1lJ ll'i ~'\JU~U1fll'i,j'l~lftU~lllft1if 11::ff'mrmf1flum ~ OlJ 

'U\nfl'\JU~ alprazolam, C=, trn:: T=, n10~111n1lJ'\J\nfl 
d ' ., 1" d ' unmnnu alprazolam m. 11::: ll C=, ll\l~n111m:: T

0
m 

.d J' I G.I t SI fV 

llffUn11 alprazolam XR fl~UU lllH-lftfll'i'inlfl'\JU~ 11:: 

"' J' d '1 :., 'ltl ,, ... "' .J d tnfl'\Ju1n 11vi Ml11 rrn'llHmu~11 :: mfl'lllm11m:: 

1u11Hn-l1 alprazolam XR ll1u 1ciiu alprazolam IR 11:: 

ftflfl11JJfflJJUO'\JU~fl1'ioU1J'iflllft:::fll'ill1~1ll'IJU~fflJO~ 
' ' d (25) 

ft~JJ1nn11 alprazolam XR lllllllH 

lif111m~o~ufliionumlrn111m'i 1 '!Yu1n'rj1J 

bcnzodiazepines ~mionu1~u11ft1u 1u 11::lh 1 iV nu 

lh~ 1\J 'UU ~fflJ o.:iu ll::ff~Ut)J (\!l'U0-3 ~i.11 Ul~UlJM II~ 
~ "' "' 'l " 1 ,, 1! .,\ u ' fll'itfnll1'11HlftUfl M·lft VlllU-3fl1UJl'11Ufl~nft1 1 

• 
n11ffmnihh1u~ihu panic disorder 38 'i1U 1flu11Y 
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s> ... 'I llVc.o u SI 
rj u1U fl'i1Jfl11'inlllfl1U cognitive behavioral therapy 

i1lJli'ui'mh::muu1 alprazolam XR 4 1rnt1l4 1;iuun1J 

umMm~lmft1 6 ff'tlm1I mrnn1rfomnhrnJ'UU~ 

mrn~m~flftt!n 1'lil1 mni m1~fln1111l m111ff'mtutf 

'\JtJ~mniN1u<uu~mrn~1m::n~11mio m111~1fi11Jfl~ 
'lruiu msifouf 1m::m1rn~11umrnu1Jffuo~¥iofi1i-3 

r-i ft n 1 'i f1 n ll 1 1·11J 11 'l iJ ii ~ti 1 u 'i 1 u 1 fl ~ 'l ~ i' u u 1 

alprazolam XR 11~ou11rnunlimnhnu<uo-:imrn-3ll~U 

liff~U(\!(\!rnmm1nrlou'l~fou1md26> 

nl'iOOUUl Alprazolam XR 

.,\ 1 Q u ~ 1 ~ u .;"' 
llHJ~111n rnm~l1Vll1'111Jn lUU HllHlHlllJ 

y 
" ~ 0 ' ,, QI d ,, q" 

u1mrn11rn111rn~'l11flou'IJH~-3 nurnll11l-3VIM 1'lf 

1 • Q .J '11' .,\ d 11ft1lnU Olfll'i'IJU-3 'jfl0111n11'i1J'\Jl4 ~lllJOllQflUl\1 

i'nlll 1 rn GAD 1m:: panic disorder 9iN~li11l41rn 

1f ui'-3 limrnft'rnrn~uJ1riui1~1'3\l.:I 1flumm::od1~ 
n-3 1rlmtQflUl~H'foll11 rnmcl1if alprazolam ~li1JlW1 
.; ... 1 "~ 1 ' ,: d ?I .d d cf d llUUJJ '11rnll1 rnmmu mrnw1m1t)ll1inflfflJU~'l1~ 

...;,,,~"iJ ~ . ,,, ... nm '11n1J~ 1UIUUl1ft1U1lJU111l11 mnfluimrnmw1 

'11' .,\ 1' d u 
~lllJOll~flUl 01fll'iflOUU1alprazolam11::fl'11Uflft-3n1J 

Ulnl'i'lltJ.:t GAD 1m:: panic disorder ~~u1m~uog11~1 
lh 1iVnu1,111UUllUflllU::01 nu flUlW1UOflll1fltl 1m 'j 

ri11l1J'IJO~ 1rn1rloHQflUl (relapse) ~-3lh1l~u1mnn 

1111::u111lh 1lfou tl'i::1iiu QU~ mrnf '\JO '3fll'j flOUU1\l ~ 

1nlrn11mi1JlJ115 ~ 'l~ liuH m'iffnll1rll't1l1w1m'i~ 
o q J' A 
nmU'\JllllJtJl!QflUl alprazolam IR !Ill:: alprazolam XR 

li11u~nmu~ln~1tiu-3ni1 u1m'i~1nV1111nmrnuuu1 
., ... ,, tl ' 
JJfl)Jfl11lJ~UllHUOU- 1\Jn(tl~ 1m:: 11 :: flUU'lmmnft~ 

11lJmirnrni1Jutln~fonm 'hJmulln°1
> 1fltni1 'ltl nu 

• QI 0 QI 4 J:' .. •1 
OUlWl alprazolam lHVll'ilJ IR ll'iV XR 111m;Ju1U 

. . . 'l" . ... ~ ' pa111c disorder m f1u1nn11 GAD 'lf-3Ull11UUll'l'i1::11 

,,_,, ' 'l ' r;1u1u panic disorder VIU1Jfflrn-3Vltlfllrnuuu1 1n11 

.JqJ «ll 1" 1m::o1mrnouu1mnfl'\JU 1J::1ffrn lltllfll'j panic 

disorder ~u11Hmn~lJ 1flumm::?l1mrnulwnh 1¥iu 

llfl'\JU1flUlL~11n1i'l tl(m ll~o?l1ii nu Hui alprazolam 

Q .. J''ltl ...;Q 1" lJl\HfllJ 4 !flO\J'\JlJ IJJOVlflVllllfll'i '11Ul alprazolam 

IR 'llu-:i~il1u GAD 1m:: panic disorder ~u'ltlun 12-18 



54 

1~trnmi.:i\l1oi\Jif~01'iffOll1 m1m'i9iMm1iln:iihJ 

uu1inf.:i ~rn.:imjmnr:h iiuihu 2s% ~'hJ~11Du9"0.:iH 
.. _, 1 ' "il d 

u10ornu11n :: 11110~\l100101'i'Uo.:i rn ff1\J~ 1ul1 

"' 1" d"il 1" U.:tfH 'II alprazolam IR 'U\J1~U1l1~ 1U 'llTiml.:i\110 

'llm~m~u 3.4 1rn/1\J irnflu'Um~ L 1rn1fo 1~u'hiii 

U'il1u5iul~ Hui alprazolam IR lwum~~~.:i~lJ\110~ 
muHtm::111i.:im5ffo1.11mu iJ5::1mu 78% 'Uo.:iuil1u 

'iw.:i1u1101m'i GAD n~n.:i11lo 1hliio1ouvninu mi 

UU1U panic disorder llQ~ alprazolam IR 
1

l~u10011 r·m 

015ffOll11H~1if ef11mrn01rn1 alprazolam 01\l 1hJu10 

OUHlifll~ 11~01$ fl01JU19"0.:tlh 1~UTI~'U\J1~'UO.:!U1 
I JI I I 

ou1.:i'lll'l 11n::mrn01rn1 alprazolam XR 01M1U011 

A "' 01Hl0\JU1 alprazolam IR nm.:i\l1m::~u alprazolam 

l\imnmnn~n.:i~1n11<23> 

m1m1·1~~ Alprazolam XR 

IL {i \l :: ID \J ~ V 0 1J f U fl \J lY 1 'l U 11 U 1 0 q 11 

benzodiazepincs iiil'i ::ffll~ mmJ.:imo 1 \Joni' mn 

GAD, panic disorder m1::01mrnou
1
hJmiu 1mm10 

I ~#:J. '1 d I ,,, ; V 
l'}UlJ>JNTI'U1.:iitlU.:itiO\J'UHm lhh1 benzodiazepines 

!Ii d.. q "t "' "' d ' d ! 1 1uuunmou 1'll \Jl1Hfmumnm1if~oqmrn.:i IJtyll1 
.J 4 q V I .d d 
l110~\l1001'i L'llUlOl'jll benzodiazepines 5::u::u11m1 

mrnniou.:i 1~uu.:i 'hJii~oQ9l~i~1\l\Jflfl m"IHu1rl'l,J 

5:: U::U11\l ::lhl lf 10~011 lffl'l~~lllO 'hJ mr11\l :: ii 
v 

'11011 u ::\h11
1
hlm'i Hu10 *J i19i~~ onuu 1\J1nuo11 4 

' ' 4 d cl .e:t ~1 U I 11 
I~ 0 1J I \'I fl ll (I 0 I (I u .:i lJ fl! ll 1 ~ .:i 0 " 11 "VI \J u 1 .:i 

ffnn::mHu 015 Hu1 bcnzodiazepincs fl1\liiU'i:: 1u<1nf 

d O ~ I a,, "I 

lln::lJfl11U\l11U\J l'llU 01'nnll1 panic disorder llll11 

11 1·1 n 6 11 n :: 1t o 1 'll 1 u 1 .:i o q ii 1 ~ fl 11 U' ~ 1 cN u 1 

benzodiazepines 'i :: u:: u11\l :: 1flu u~1m·19i~11m: 'bJ 

I .:\1~ " I ~ ..: d I d c:I 
ffllllrn 11Q~U11llft11J \il 'UOOTI11tl1.:i1J \l::llff1\Jl11U1J 

\l~.:io~U'1.:i 11~1]0~1n~oynu1Jntinm.:i'i1u~iiil\l~m~u.:i 
I I SI I }!d O Col ~ Ji 4 d ,., I Cl.C:. 

ogoo\mn1 l'll\J 1jlrn1n.:i1m·1vi~uw1mrni1u5::1vim'i 

4 I I ,,, I 'l d u 'l I d,, I " 
1fflrn~u1ogo01mft1 oai.:i rnvrni u.:i lJlJ'Uomm11 

ouHu1 benzodiazepines nuu~iiiJ5::1'9iomffl·19i~u1 
..A ~ A .s .ct ... 1 .,.r:a q 

l\J o.:i \ll nnn 1mrn~ u1ou nrniiu 5::1vi n 151m·1vi~ u1 
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n1iU\liuiJ.:i4 1 1fJu\l :: flo151ffn~~u1 
benzodiazepines lft'll O 'l iJ<29

> 

d ~ 4 ... I d 4 ...... . d 
m101l1U1ff1ffVI 'i nqlmu.:i11fl n ::llu'i ::m \J 

~11m5H benzodiazepines 1D1mftl\J1\Jll:: lhllf1n~ 
"' "' 'l ' ' 'l l od u d m'i1m·1vimrrn 11 11n:: nu.:i1\JNft11 mnrnn~1m1 

llff~.:i11ouH' benzodiazepincs 1Drn1nimu \l::lh l if 

1n~o151m·19imrn::flo151li11'U1J1~u1~1'*1~u'liJii'l1o 

iJ.:ief11~0IH9]NftllH01rnl'nlU<io> (Woods et al 1988) 

,, ,J', _y ... ... !! d 
'UflfflUlJ lmum'iffUUff\,U\l1n 3 mHtnlJl'llmmn n 

3 m'iffnmlilhl1JU'il1a panic disorder 
1
hhn1J 60 'iW 

~ 0n15ffOlJ1 1~ V f iJ 1 U
1

1~ fun 15 f 011 1 ~1 U U1 
v 

benzodiazepines 9i~~o nmnuu'i ::mru I iJ Nft'UO.:ili~ 

3 015ffn111ffom1fi'o.:in1J 1~ulw1h.:i'i :: u::11m~ffn11 1 
UU1UIHft1rl'1l1Jiim5 1fl1J'U\J1~U1lll011J1J1~'j1{J'IJ\J1~V1 
d 1 ,, u (Jl-Jl) d I I ~ ' ,,il 'l ' "' ll 'llnftun~n.:i 'lf~'l11uu.:i'll11r;J 1u mo~0151m·1 

"' A }!d "' ., .: .¥ '1-' Vl~Vl 11rn.:i\lln~lllff\'IVl~UllJO\l :: 1mJ 'U \Jl~Vl'\J\J u 

Aq l/111' ~d .. _, "'1 'I' d,,., 
mo 111 ~1ql1nmu10.:i mu'i :: ff.:if1 ~u i1ma1'Uo.:inur~n 

m.:im5fo11111~ou1~1~ 1uiJ 1998 ii015fin111'Um~ 
dtl Siu 51Ul1 ~5UU1 

~I "'"iJ .I benzodiazepines lu1H1'11\fl1lllTI::lH;J 1Uu'i::mru 68 

d11J)u d ~·1 d11 •SI .lu $1Ull ~]'j1JU1\J1\Jfl.:i 3 u ~Ull lJVIO.:iunJ'U\Jl~Ul 

.: .1 (H) A d .f ., ., g q • d 
ll'lll'll\J nrnln'llJ min 1 m'in0111'U ll1~ 1lltyl1 

9i~m11m'iHu1 benzodiazepincs 11JU'il1a 2,440 nu~ 
v 

1D\J hmloi'.:i9i1~'l 1ciiu irn~vium bipolar disorder, 

panic disorder un:: hflmi~n 1Du11n1 2 iJ 1~uuu1u 
~ i 'l 1 .r:.1 _Q .J sJ 4 J! I d 

IOOUlHlllrn llllf11'Hl'nJ'U\ll~U1l11'll ll~U1Ull'IU.:i 

1.6% (60 'ilV\lln 2,440 'ilU) ~iimmi11'Um~a1~l<N 
.¥ .. ' d .: !Ii }!d .. , ,, 

~.:t'll\J 11n :: ~iJ1umlrn'Um~u1\l ::iuurJmrnu 'llUl 
. d...:1 d d""' ! d O,IQ , .. ,, 

benzodiazepines lUJf1H'lf1~ff\J 1JU'i::1vinu 'llU1Vl1\J 

1 d 1! ., • I ' Jld .,. I "'"' rn'lflllff11 u15::.:iuu1~0Qll opioids 11n::~lUJu'i::1vi 

1m·19i~u1fl yriou11fi'1 119iuil1a~.:io1Q~i1u~i1io.:i 'l~ 
., 'I • .d .c: <•> ~ ,,: 1rn a \l:: llllfl 1'inrn'U1J1~u1 rn u rm m rn mn u 

v 
ff ,r u ff'' u r-i ft n 1 'j ff n 111 ri o 1J u 11 o 1 'j 1'*v1 

~· ·1··q".ct ~ benzodiaze[ines lu\-111'11\fl\J\l:: inn 1llUOUll'UJ'U\Jl~ 

a1~H 11 n::~~u~.:i nu'l1Off\J111l ~ 1\J ~1101'j1.ff 

benzodiazepines \ll\J'l \l::lh 1lf 1m·1~~11n::iimH~lJ 
.¥ ,, ' .. g "' 

'\J\Jl~ '\) 0 ~ Ul'U\J 111111\l::irnu"0ll1 Ol'j I ffl'IVI ~ V1 
y 

... 4 I SI SI I 

alprazolam lH'lm~ IR un:: XR flO\J'UH\JOU llVll'IO\l:: 
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\l SI I Cl 4 

tllpl1'J ~1HHl'i101H«l'191~U1 alprazolam ll:: 
d cal Q Q 4 d 

Ll!lJtllW1101'Hffl't91~ benzodiazepines •1nrnow11.:i 

fim~~H~11~uimn::Vi 1f11 XR liiifl11mr1u-11wuo.:i 

u .J\l Vu t i 1 V V " 
'i ::~11uni ~rn11111m1::m.:imrn'll1rnou1rn::'i ::~11u1 

11'~u1mtlMouw~1'l ~.:i1i1lui111 U'uri1tity~11::1io i,m 
m'i1m·19i~u1~.:i~1l~nri11u111K1~1.:illu 

imn111nu1mj11 benzodiazepines 1~umvrn: 

d <> 1 "1 alprazolam IR 1m:: alprazolam XR mWJJ 'II lJOl'i 

i'mn GAD, panic disorder 1m:: phobia OUHO~H'IJ11.:i 
' ,, 

11~1u.:iiiu1i'mn1rnclimfff 1m~·1~m11u 1rn1mhu 

1'llu TCAs, SSR!s, 1rn:: monoaminc oxidase inhibitors 

(MAOisl 1sJ fl111111vi n91Hl1H flih1 n 'i:: wh.:i 

"' ., 1 .. 1' 11" ' alprazolam IR 1m:: XR n11u1rnm 'Hl'lllllfh1 ~11n 

d 1 d..- ,, ~ 
n11mn irnuoonqm;rnm m1•\mmu.:i'IJ0.:iu1 um: 

"' . 1"'= "' .s 1 :., 'l-1 01'iLn~ u{ln'iU101JU1tJU ~U111 u alprazolam IR Un:: 

.fl "' 1 "'. I ,...,. d ' XR oonqm um'i'imnmu u I ft'umll'IML'i1n11U1 

"' 1 4 v .J ,,:/u .. I "ti " mm 'ifl'llU1ff'i111oonqll1i'.iOY1u'i::mru 2-4 ff ml! 

"' 1" ., m1::alprazolam TR m1:: XR u.:i 'll'i:: .:i1J0101'i GAD, 
.d.c. I~ U\l V<t 

panic disorder un:: phobia rnn~ou1.:imuum11~ ~on 

" .d ~ " 'l" -1 .. d ... ' u 1 .. " ~1U 'lf.:illJll'IJO mu'iU1Jlllllll0011U1'inY1 'jfl'Jl)Jlff'i1 

~ d 'l ""' mnun::1rnim1m1l1 alprazolam IR un :: XR m11 ,, 
"' ' i 1' " .. ., f111lll~UlJOUHiJ .:i mnur·tn'IJHlflU.:imJ alprazolam TR 

11(1:: XR lh1Y.'~1HlOU/psychomotor impainnent 

mnfl"h ~.:io11llffl'1 9i~ 1l~mnfl"h 11m:iio1mrnmw1 

> U 1 4 11 d V I 

llJllH011Ul'inY1 'Hl'lllJ1ff11mmrnu 1191 alprazolam 

TR 1m:: XR 'hhh1lY1f 1m! n9i111il1 'hJrnn1u9!0 

fl1111 fifoH~om1'i 'im~ ::m.:imff 1rn::
1

llHirrn~i.:i1fiu.:i 

9l tnrn1~mmm iu'IJru::~u1i'n111 hfl'iimfff1li11,r 

Q " <i!:1 I J I ,, .J ~ 1 ,, >.'.'I .d 
1nmH1'\JHlflU.:jllf1'11llf10ll'IJHJJ1n '11.:im lB';jU1U'lll~ 

'11011 alprazolam JR un:: XR mnn11u1i'mn1rn 

cliimrf 1 11J nnli~ 'l~ i'11 u1 1nu 'Ill~ 1~ 1bJ111J :: fou 'hJ 

i 4 d ~ 4:'11 

vi.:ih11rnll~1'1nm11 f1111J11J\Jl'ltl'IJM alprazolam TR 

1m:: XR ll ::~1n11 TCAs, MAOis 1m:: SSRls mn 

1 ' ... 'l "' "' d ~u1nm::vio~::1111111 ll1m::11M~mornm::m'i'll n<J1.:i 

~ 1 " "·'I !:I .,,. 'l J! 1 "' . I"'"'"' IU\Jff11119J 1trJu1UlnU'lf191 ~1 001ff01:iLn~ul)n'iU1 

"' A ... 
01JU10ll'IJO.:i alprazolam JR 1m:: XR '1::l'I0"]01J TCAs 

119!1!oun11 MAOis m1::mnn11 SSRisos> rrnnu 
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1murniiuUf)fllfflJUgj~iu9!1.:i"]'IJO.:i alprazolam TR 1m:: 

XR 011 TCAs, MAOls 1m:: SSR!s llff~.:ioy'lu911 '.i l~~ I 
,, " ... 1m:: 2 'IJ1.:icrn1~ 

alprazolam XR iitl 'i::ffll~fl1l'lllhiiiuun11 

alprazolnm IR iunni' mn GAD, panic disorder, um: 
I i q Cl .J.q ?I I .J 

phobia m.:i'l :;11ni.:io101'i19lnn.:i1nmnmlluff1umH 

1 4 ' • ., 11'd 'IJ O.:i moll"] alprazolam XR 91HIJ1nmrn IR mrn.m 

' ,, ' 

u1 'l u ~i.:iniufiou ~1.:ifl.:iii91 Mmi'.:i·fo lh 1,n o nrnii 

.,,; u t ,, 01" 
mn 1m ::mnn::~11u1nmi.:ioaH'lll'll11 1m1rnoirn1 

li 1 11 ~~1UI!M:l0~0 1n1 'ifl0 lJU1
1

l 1J ~ ll 11'i.:i1lhfl1J 

,, d 4 4:'11 " 

alprazolam TR Mft'IJHlflU.:i1m :: m'i 1ff·lrnviu1m~uou 

1i1o .:i'i::~11u1iJ .:i q~ 'l u ,., n1ff>J111 :: ~ 1n11~ 10~111 n 
CJ""" • J 0 ,, 

alprazolam JR rrnnfl::f) fll fflJ1J911lrn11Jl11111 

~ d dct • u Sid o ~I SI ti " 
alprazolnm XR mmn.:imommftlm1ltJllll11ulrno.:i ~ 

i'mn 1viunn1'Nu11llrn1mu1u 
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DRUG EVALUATION 

Agomelatine: a New MASSA Antidepressant, Could it be the Ideal 
Antidepressant? 

Jintana Sattayasai 
Department of Pliarmacology, Faculty of Medicine, Klion Kaen University 

Abstmct 

Despite the effectiveness of most currently available antidepressants, many of them 
have a delay responses after initiating treatment and a number of undesirable side effects. 
Agomelatine is a new antidepressant with an innovative pharmacological profile. It is a potent 
melatonin agonist (MT1 and MT2) and also has 5-HT2c antagonist properties classified as a 
melatonin agonist and selective serotonin antagonist or MASSA. Agomelatine has specific 
advantages in promoting the ability to go to sleep and the quality of sleep without suffering 
the daytime drowsiness. The antidepressant and antianxiety efficacy of agomelatine has been 
demonstrated in many studies. The clinical advantage of agomelatine is attributed to its 
unique mechanism of action, which accounting for its effective antidepressant action and 
relative lack of side effects in particular it is not associated with the impairment of sexual 
function. Agomelatine appears as a clear option in the treatment of depressive patients 
without tolerability problems. 

Key words: Agomelatine, antidepressant, MASSA, melatonin agonist, 
serotonin antagonist 
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Agomelatine: V1Ufltl11~ClflJtft'~1~1 l MlJ1 lJ f)~lJ MASSA 1l ~ttlit ideal antidepressant 
1

l~111~ 
1lJJ 

V I 

UYlflVlfHl 

mn mrn1t1 Agomelatine 11'.lu a1fo111m1~tlirnft'!1ci'1111 JJ~ij~ rn auuVi'Y11~1ml''lfi'Y1 a1~11'~mm1' iM 
1l 1' 

QI .dl ,, c:, \;l 1 ..:t ~ ,, i QI i 
'll1na1rn111m1~'1flllft''.i1l11'1 1' ~Wllt]11lin'.i~9J'U melatonin receptor 11~ MT1 mt~ MT2 m1~aua~ 5-

.t:t QJ~ 1 dtl \lj} "' Jd a. 1 I "" 
HT2c receptor 'll~ffll.Jl'.ifl'llVllU'UO'JlJ MASSA Agomelatine lJ'\Jfl VlllJ'.i£JUl'Uff1l lln1'.ift~lftnm1'.illtl'U .. .. 
11t1u'ti~1iJu~mrnt1u~1mm~ii~rnml'l'IHMmrnt1u~~u 1mJthhh1~~1~tlfJJ1mh~mrn1u '111nm'.itrn111 

" .. 
111~flililm1u11 agomelatine iiq11nfo111li~m1~cifum!1 U'1~i~nn~1" ~ibaihu1mymm'.imm~tia1 
~1 pd d s/ d ~ \l I ~ s/ <f I <11 1 l dd 1 "'1 \'l~ lltllfl1'.i'IJ1~1tW~m 1m~ lll'IU1Jqjl11mlm'lff Agomelatine M'\.l1'11~1U'\.l£J1 '11lJ111J1h~ £J'lf'U lJ nTJ 

0 0 ., 

fllil'lflty : Agomelatine, antidepressant, MASSA, melatonin agonist, 

serotonin antagonist 
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'l I d d ci c.o 4 d q 

mw11mm11mmtumm1 1rn:1mo n11rn-s111m1-s 

"""d "' J .d. d 

ff '3ll l'f9lt lJ 1111 fl'IJ \ll)JtJI 'rllJlJ 

CJ I I • .:Id J) d 0 
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.Jiumf 1U'3 1hh~u~tmumi-M91 1rnnu1nif a11unzjlJ 
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second generations 11'111J ') ~1U'3fl'3iir-rn1fi1Jf11llll91fl 

n·rn'l (anxiety) 1wth'3Llrn ') 'IJ0'3fll'iHa1 rjil1uo1u 

' " 1fi91mmrn~u 'l* irnu 
1

hlmirn1~v~1'31rn11 1hm!n 

1i:i1m~v"91 nJJlf'3iiilty1111Xu1nu sexua1 funct ions on 

~1[)1).3,4 

u1n011 ~ mj lJ o 1 m-s ~r1u 11J n 11::Cliumf 1 ii ri111 

ff'rn1ulinuf11llJN91Ufl~'\JtJ'3 homeostatic rhythms3 ~'3 
t Y I .d..:t .id jl 

~10UHl'llll ~il1um1m1~<J1lllff'.illl1J1J major 

depressive disorder (MDD) liniirt1llJN91UO~'IJtJ'3'.i :~u 
" ' 

melatonin 1lll'lflltYJ11 'i1JJll'3~flll01::01·ntl~uu11tl'1 '3 

'1Jt:i'3~0111s;iiil1'3mu1mh'391"1091 24 i 11m 191aiif1111J 

ll91f1~1'3Ulflflzj>Jf11lJQUOUW~91rnU <itl~ I) 1rnnu1nif 

rjiJ1u MDD u'3iiilty1111~u1numnrnu 1'liuu01m ft'u 
' ' 'l" U d I d Y ~ d c.o d t 

VllJlfl 11'1ZU'3VIU1JOU ., tJO~nu l1JUllll'.illJfllj9111 

melatonin l~U neurohormone ~iif11lllfflftty11m1'.i 
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n n:~u 1fff 11i n udin 11>1 NRU n9i1 u mm~ '3 melatonin 
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fllJUf1'i'IJ191 melatonin receptor fll'llJ1l lllJU::lltY91'3 

01nl'.i111 ifo u iin l 1::Cli 11lfff111'1:iinl'.i1tJ~au11 tJ" '3 'IJ o'3 

hippocampal synaptic plasticity 1091~1! ~'31TU~'31~U~ 
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~hr m1um11u11101'.i ~u::11wm w1~ iiq111fiTiu u 11uu 
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Receptor binding profile 
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IQQ I !'I ,, ' 
flfllmlft'UOllU~11 agomelatinc l11UUlO'.i ::91u (ago111st) 

i . .:i. .J 
melatonin receptor lN'llU91 MT1 11'1:: MT2 11 

mm:rn1~u'3 1rn::U'3i~UUl~l\J (antagonist) serotonin 

Q <1:1 ~ 1,..l.S .d 
receptor '11\rn 5-HT2c omnu UlOfll'.i ll MT/ MT2 

receptors iirn1mt1d1ri'ty 111 fll'.ifl11Jfjll supra-

. . . 4 A \I"' I ~ ch1asmatic nucleus circadian clock U'31'110 9111UlUZl1JU 

'I • ... ~ • 1 ,, }Ill ~1 d Oft flfflfttylllll llagomclatine ffllll'.ifllln 'Uu(\jltnl 
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10910\J sleep·wakc cycle 1m:: circadian rhythms tJU ') 

receptor 

suprachiasmatic nucleus llf1: limbic regions u:'li1u 

1tY~JJ01rnmm'1u Im~ MT
2 

receptor lh11riinutli'u 

circadian rhythms 

Ulfl fll'.ifffllllf)tllfflJU~l1m1-s~lJ01J recaptors 

un:: enzymes lid1nty'llW91~1'3 ., nmnnn11 80 •111191 

• CIJQ~ ,, d 

l'IU11 agomelatine llt'f91'3QOltYJJ1JVll1JUUlfl'i::~lfYI MT1 

(Ki = 0.1 ± 0.1nM) 1rn:: MT2 (Ki= 0.12 ± 0.02 nM) 

J~ ~ ,, ' 4 
1rnnu10UU'311J\Wlm\JIJ10 5-HT2C (ICS-0 = 0.27 nM) '11'3 

5-HT2c receptor u:: r1rn11nlifflJ0'3ff11! frontal cortex, 
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11n 1 (ltn 7 01) rnn (lfft'im) 

J Al Q , }! I .d.d ..,,f iJ jJ d ~ I 

3Ull 1 f1111Jr-l~U flgJ'\JtM circadian rhytluns lHjU1UlUJflTl~'lllJlff'n (lffUth~) LllUUfllJmpi 

mmpi (1~u'iiu) (~mnJ1mnn Ke11nedy, 2007
1
) 

Melatonin 

Agomelatine 

3tJ~ 2 1~rMff~WUO~ melatonin mi~ agomelatine (fim1vmnn Kennedy, 200?1) 
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11J imviiiihh hY1nliln11::n11mfl'1 um ::Yiu 

' .l .. , ' , 
OO'UllUUl'iOH lmld'IJ11l'IU11 agomelatine H'IJlnVI 
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mu11mt11 24 i11JJ~ mmJLmuo 'lt1ll~ 

1n~~ull::~n'1uvunl11~ilffm1::fivi1tJutl1::JJ1ruf uvft:: 

61 -81 '\JO~'\J'U1VIU1~ 1l~i'\J tl~lJ1tllL~mfou'IJU~ S-22380 

d .... 
1l::~nfi1ivivummflllllu:: 1m::1::u::11fl1flH'b'1V1 ,, 
(half-life) '\JfN agomelatine fiuu~1~ff'w lviuii 

fhtl1::mru 2 i-1 l iH 

9) .. -.~nus -HT
2
c receptor 

9) 

·S-21540-· -• n1~91i.1 tvrT~JMT2 re~eptor 
(frll)lll'HUOtlffll~l::JIHll 100 011) 

Agomelatine .... 
~ 

s-223ao - .. i,-11 iilihrVln 

3tJ~ 3 111\'lllffV1-lnmtl~um1tlfl~'IJU~ agomelatine lu9itJ 1m::tiruffJJ1J~1unuiunu receptor 'b'U~~1~ 'l 
'l .,J '°' .I 4 .cs u 'llU-lllJILll1Jt:l flllllLnVl'\J'U llJVlllU1J01J agomelatine 
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fnlft OllllHU'l ftU n 

ih~ffllnlll\'l'\Jtl-l agomelatine 1unu11n11n:: 

~mfffof u 'l~iim'ifimn 1umnunufimn 1viu1~ 
double-blind, randomized, placebo-controlled mnnn 

fl1'iffnll1md1rp1fu1nm1~~lllfff 1'\JV-l agomelatine 

... ,,.; !It "1 .. ct 
mmnnmrn1m1 5-HT2c receptor l1J'U11ftn VIUlll')llti 

m~~urt MT/ MT2 receptor ii'.lmi1ui1u11¥i1nmhu 

ff1fif1J11rn1nJi'11 circadian rhytluns 111J1JllNWUV-lnl'i 

irnm11i11 n:u::mnmrntlm11i11 1rn::f1tulll\'l'\JV-lm'i 

irnut1ft'11
1
,l,

1°'11 ~nnm1~..i n~111h 11Y agomelatine 

mnmn1w111n~111fff1rtiim1i1 1l1ff'U1'1mlmnn 

1unn::MDD, bipolar disorder m1:: 1vmnnn 

'1lnNnn1'iftOllllll-lfliliini1ffV1-l11Y111Hil 

1" q v .. ~'l"A .. agomelatine mm 11m1rnnm1::CJ1lllffll viummuu 

n11m'i11Yu111nvn 1viuihh~ii11nm1·11'liu1~u1nuu11u 

nqii ssru (selective serotonin reuptake inhibitor) um: 

SNRI (serotonin and noradrenaline reuptake inhibitor) 

' '1 d "-'' dill'" . ' '11' VUH rnmurju1Ull ~1'i1J agomelatme \1~mrnvu1 ~l 

~ niiu1Pi'1~u 1vimm uudiumf ..i 1 uu~r·rn¥ionmrnu 
Hli1l un::ffmn1mmrnn·m ri..irrn 11Yom1nmiln H 

,, 
u1nmrnun..i 

nl'iff0ll1 randomized, multicenter, double­

blind, fixed dose 1u~1bu'iirnfff 1 71 I 'ilU 1viu11fu1 
4 4.QCllUd OI 

agomelatine '\JHlVI I, 5 H'm 25 mrnnrn/11.J lllU1J01JU1 
4 4<QUCI QIQ,I 

1rnvn mv paroxetine '\JlnVI 20 mrnnrn/1ll ~mwm~ 

1nm::u~mn 8 ff'tlm1I 1·mi1 agomelatine 1'U'u1nvi 25 

iiniloi'wiu11Ym111~m'ifomrt11~miN'11nu111noo 
o u1..i ii 1Tu ri1n f1J 1J v 0\1100 u11nu ~ihu~~ 01JffU o..i~ v 

c; j) ~ I I .d\l "" m'irnmmu agomelatine U-l'!-l011mpm m'll paro-
~ ~ 

.ct y .., c:t ... I .::ii, o 1 ' . 
xetine tlnmu lNlJnl'iu'i::llJ'Um V!Unl'i~m Hanulton 

Rating Scale for Depression (HAM-D) nmmnnni1 

fvun:: 50 1dmiiurnimhrlmrn1'ifom \11n m'iffn111 
~ ~ 

fli'..iila..iuffvi..i agomeiatine 25 ifoilni'lJ I 1u '1::lh 

1,, I " .. 'I I d Cl • ... 

llfll HAM-D score '\JV-lr;Ju11HIVlll-lOUl-llJUUfflflflJ 

mu1u 2 ff'tlm1fuli..i'l~i'1Ju11murnliuuti11oi}i1~ 
'11'" . 41" .I ". I olJ1,IJ ~l'i'll paroxetmc 'lf-l 'lf11lllu'i ::mm 4 ffumH 
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agomelatine 1U'IJU1VI 25 iil'lnflfll/ilJ a..iiiu'i::-

fflltlllll'l1H nu i'om~ i'.hurliii:lf1J1m1H~~1 uft' n11rn:: 
14 .., 4 ... .J.. "" ~.., d ,, 6.r::t 

bipolar llrn1~flfl-l1llllfflll'lllti01J1111::'111Jlff'il on 

~1U 

qt1ihum1tffm.H:i1nm1n11~u 
ilflJ m 11~ o l'i ii mJ uli 11 ~mn u oi}ii tllm'irt 1·i 11 

'111 ' 1 ,,_., .... .. " .J' 
~11JtlU 'Urju1UlllJ1111::'1fUlff'il 'Utln\110Ufl11U 

MVIUO~'\Jtl-l internal circadian rhythm system un~1-l\1'i 

Ol'illli1J~lJU~tll'1iiri11J11Jl'Wliithuvi (pathogenesis) 

'IJO-l1111::cJilJlfl'fl00~1U Ulll0~1Jlfff1~VVOl')llf ~v 
d ~ .J''l1'" ' 'l d 'i~U1J serotonin OfflJJlHll'IVltlflJlllH ~11Jl-l OUl-l rn 

)I' ~I d d. 

m11u1111ri11!mio'1::iiq11n\i receptor 01J "I tlmno 

1'liu iiqnf antimuscarinic 1rn:: antihislaminic 1h11Y 
,,_., "' _, ,, 
rJu1UIOVltllf1l'iulnlllM 
~ . 

ll1mr n9i1n1iJ 

Agomeiatine fflll1H1Uf 1J circadian rhythm 

'J~VU1~ws.u \1lnfll'iff0lll11UU open-label 1'U~lhU 

cJirnfff1u1mu 15 'ilU l'l1Ji1m'i
1

l~fo agomeiatine 1u 

'IJU1VI 25 iil'lfioi'iuiu ~Vt~oti1ui1lumn 6 ff'tlm1t'1:: 

o 1" 4 ~ V .. 'I m 1rnvimrnu ll'lll total slow-wave sleep um:rju1U 

' d Col .J.r:::1J' 1 'l . ' 'i1U..i11n1 llfltullll'l'IJV..imrnomrnrn1mm viu >H1~ 
.:~ ....., d 

lrn1~1u'li1..inm..i1'u 'Utl0'11nuomrn1umrnmnn 

q ,, " I " .. 'I .J'll'" " 1mmffll'llfflj'U11 fju1Ull m1J agomelatine '1::1rnu 
• .1 .. ., .. .¥ 

..i1u'IJ u un::lJfllll mwuv..io l'i 1J mm ll1JVl'Ull 

r·rnlilo sexual function , ,,_., .... .. ,, " . "'~ 
Hr;Ju1UlllJ1111::'1f1Jlff'illJOl'IU1lllui\Jlll 

1~u1n1J sexual function lf ..im..i~1um1ut'imi!vi11n:: 
~ 

cS .., ,, .}'d ,... Col d 

ftlJ'iH1111l'l Utl0\110'Unl'i'if1lllV11UUlllll'lllllff'il U-lll 

' • q ,, "' :1 1' .: .1 1 " .. ff11nn 1moviuf1Jmmu11·m1nou..i'IJ11 viuumi 

A " .. r·mm::11u1'111umJm (arousal) mrn~~mrviuvvi . . ~ 
(orgasm) lll'l~mrnft'..i (ejaculation) 

1
•
1
•
1 ll-lUr·m~.rn~11 

'1 11 ,, q ,, 1 ' .. ,, ' 
~~l'IU ~lllll\1~ l'llUl umpl SSRI lln~ SNRI tHlllJ11U1 

11ncJi1J1fff111mq11 NaSSA (alpha
2 

adrenoceptor and 5-
' . d d.., ! 

HT
1 

antagonist) l'lfll m1rtazapine \1::lll')lltiUUU-l 5-HT2c 
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.J ' .. ~1 '11' ' 'l " receptor '1Wl11U'1fl01'HOflut)Jll1m.:in·1ff ~1 001.:i rn 

q ' .:.. • q ,, : u u 4 .1 '11' 
vrnw11umpmmrnm 1mnlnrnmmmm mnnm'I 

y 

iiuii.:i histamine receptor 

11'.lu~1~vn1d1m'Iuufi.:i 5-HT2C receptor \1:: 

m'~llNCl'\HN dopamincrgic transmission 11rn'llfl'1llC1:: 

-tlo.:in11mrn~.:i prolactin ~.:immim::Yiu prolactin '1:: 

' q,, .. 
iHr·m 1l110flfl11:: galactorrhea, menstmal changes 1m:: 

sexual dysfunction 1Vtumm::1h11r1nmn1::mm 

y 

A 
l\.ltl.:.1\110 agomelatine 

u u .. .. ,,~,, 1 q 
mmrnuuu.:i 5-HT2c receptor \1'1lHJ 1llfl11U'i'l'\.I 111\.1 

fll'Iffflll10'1NCl'U0'1 agomelatine ~iivio sexual function 

l "iJ"' 1! ~ ,, .. ,, lHJ 1U'lllJlffl'l \1100l'Il10lJ1NCl'UHlflU'1flllm'lff'Ufl'1 

agomclatine 1murnliuunu vcnlafaxinc lu~iJ1u 

cli1Hfff11Vtu11fo1gjVtvivn1111'.l1mn1 12 ff'ilm1I rrn11 
' . 0 "iJ "'l 0 

"' ~I d 'lJ'u \111nw;1 1m1 mnflut)Jmm.:ilr1muv mu 

' 
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agomelatinc ll~tl vcnlafaxine fim1'.l1Jf vum: 80 uci:: 50 
OOI Sl.ci.d .d_c,.o • 

mlrnlfl\J Olfll'I'UHlflU'1flll<)IOU101J sexual function 

d '11' ' 'l ' ' ' lltlllll'llJ ~1\11nmp1 agomclatine \1:: llllVIOVl1'1\1lOmp1 

~·1~u1mrnn'·'·J. 11 

m1J11lnoviilu1m::t111i1t1u~ou1 

\1lflfll 'jffflll 11 ll 'j ::~u fl ii iJn llCllUOUffOll 1 

> 'lJ'u o 1 ti .::. JI ct. dtl o l'l\J11fll'I mu agomelatine m lllOVINCl'Ul'11flU'1ll lJ 

' 1" ,, ' 11VIOVl1'1\11001'I 'l1Ull!CI001lfl::1mun11 paroxetine 
y y 

1i.:i ilii.:i 'l ihmrrnvio'I ::urnl11'1~1lll1Mm~flfl (cardio-

vascular effects) mnh'11U'UtN~1J 'lvi 11Cl::fl11ll 
Q .. I .a...A SI .. 1C1tu.a. i 
rmunvio1J <) 1m11v.:i11{)\JVlfll'I nummrn~f!Ul 

11ri.:i'11n 'l~fou1gjflvitinm1'.lu11e11 12 ff'ilm1I Whhm 

n l'I 1nV101m'I 11~001n1'I 11 'i'l'Vt.:i'llo.:i fll 'I'lllf!Ul 
19 

.cfi SI u.:. I 
VllH:illl 'UOlJClm'1U1'i'l''b'1llU~'U0'1 agomclatine 

' \I ... nn nm'Ioonqmi 

agomelatinc 1fh1 melatonergic antidepressant 1Vtmi1lH agonist ~ MT/ MT2 receptor mi::if.u1'.lu antagonist ~ .. ,, 
5-HT2C receptor tlOfflU 

...... ... ' fl nuniu m1 i .:i !Jlff 'lHrnum rrm 

, <d .cl ct.Cl ! ~ 1 .:I 'l~ I d Q agomelat111e m::u::11mflH'b'1Vl'i'l"J (il'I::inrn 2 'lf1 lM) ~MIU · ou1.:inmn\11nm.:imuv1m'I \JO 

1iJ~mmilM lflu~rnh\1 cytochrome P450 I A2 11m: 2C9 isoenzymes 1rnn'11nrl' metabolites ~·1~\1::~nn1~Vtflfln 
m .:iilrl'rl'11:: 

1h::iYl1firrnm.:it1iHlo, nrrnu~om 11n~t11uiuaovinu'lJo.:im 

ff 1,, " ' . "'iJ ff "' 1 \110fll'I 01Jlll1J1J randomized, placebo-controlled trial ll'i'l'fl-3 11111U11 agomelat111e ll 'I~ l11ifll\'t llnl'I 

i'mn MDD 1imliuuti'u venlafaxine 1m::iitJ'm101rn1u\11n hn 'hl11Vlnvi1.:in\J agomelatine 1hl1r1nmHl~1~1iiu~ 
~ I 4 ,, ..,;t d <d \¢\Cl t ~ I C.0 4 .d 0 ff m d. 
m 1Vtolm11mV10101'I'Ul.:imumwumu~ l · numpw11rnon 11ci::mn1101Vl10u'lmrnn mm 'Iounwu 

.Uo\l~11J'fo11fim11'lJ0'1 agomelatinc 

,, ft d C.OJ,} Cl QI I I i,, u..A 
'UO~ft\110fll'I OllllOU101J'Ufl'10Ufll'Ilrntnrn1JLffUfllllJ::11 agomelatine ffllJl'j()'lf1U \11'1\15fll'Hlll1JVl\.I 

,, t CV ,, I -=i\ ¢( 'I I Q 0 ,, ..:\ c. ,, I d d1 ,, I .cl .ct. ~ 
'llO~rJil1unC1'1.Jl'll1llilnVl I· 1Vtu lllH·mmlmnVtilt)Jmm\mlff 1m::in'1::llr-rnfl mJiJ1umm101'I bipolar mo 

1Vlnn.:i1ntin~1u 

'lJulvi'lJo.:im 1m::fimiJ::lh 
~ ' 

fll'I1lr agomelatine m'I1lr1\rn:: I fli'.:inmHrnu 1V101$i1v11u 25 ihinnflll1u 11n::o1mrnfl1J'i'l'Ufl~U.:i
1

hJ~ 

1wmu~~o.:innv1111fii1'Uu1V111'.lu 50 iinilnfwfo 
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!11 1' .. ,,.k .. 
Agomclatine 11J'IJUlllllfl11::'lllllffn'll~JJ 

ft'mrnt::m'ioOnflllif ~1hJmiiouu19i'1gu 'l ~liHog1u 
Uil~,ju 1~u~mi'.lun~JJ melatonin agonist selective 

serotonin antagonist (MASSA)
20 nio~~lln agomelatine 

d v..J v.d 
OOOfll11im::91Ull MT/MT2 receptor um~mUll 5-HT2C 

d 
receptor 'll~~nn phannaeological profile '110~ 

agomelatiue (~ml~~ I) lh1lY agomelatine Ulil~ai'.luu1 

utlnrn:<liumf 1~li1h::ih1iimr1~~1um'ii'm.11nrn: 
qiwfffof ~~lim1::1Mn~1rii1i1~1ut1~0 'hi 1rn:;~ i'hu 

m1nH 1l1 u ~ o u1 'I~~ n11u1gl~'l 
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informative and state concisely what was done, results obtained and conclusion. Three to ten 
keywords or short plu-ases appropriate for subject indexing should be typed at the bottom of 
abstract. 
I11trod11ction: State clearly the purpose of article, the rationale for the study or observation. 
Relevant previous study should be cited and do not review the subject extensively . 
Materials and Methods: Describe the sufficient detail of the method, experimental subjects ( 
patients or experimental animals, including controls) clearly. Identify the method, apparatus 
(manufacturer's name and address in parenthesis). Give references to established method, 
study design and statistical method . 
Results: Present your results in logical sequence in the text, tables, and illustrat ions. Only 
important observations should be sununarized and emphasized. Do not repeat in the text all 
the data in the table or illustrations. 
Discussion: Comment on the results and integrate them with the existing knowledge and 
point out the field. Recommendation may also be included. 
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(4) Volume with supplement 
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Pharmacol Res Co1111111111 1988;20 suppl 5:75-8. 

(5) Books and other monographs 

5.1 Personal author(s) 
Colson JH, Armour WJ. Sports injuries a11d their treatment. 2"d rev ed. London: S 
Paul, 1986. 

5.2 Editor(s), compiler as author 
Diener HC, Wilkinson M, editors. Dmg-i11d11ced headache. New York Springer­
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5.3 Chapter in a book 
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Reviews 
All reviews are usually peer-reviewed. If the manuscript is written in Thai, English 

title and abstract are also required. 

Short communication 
Short communication should contain new and unpublished results in a short form. It 

should not exceed 2 print pages and may contain one table and one illustration. 

Manuscript submission 
All manuscripts are to be submitted to editor or associate editors, Thai Journal of 

Pharmacology, Department of Pharmacology, Faculty of Medicine, Chulalongkorn 
University, Chulalongkorn Hospital, Rama IV Road, Bangkok 10330, Thailand. All paper are 
critically reviewed by the invited referees. Reviewers' comments are usually returned to the 
authors. The editorial board will decide upon the time of publication and retain the right to 
modify the style of contribution. However, major changes will be agreed with the authors. 
Authors will receive 25 reprints free. 

Copyright 
The Pharmacological and Therapeutic Society of Thailand holds the copyright on all 

material appearing in the journal. 
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