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Contents, Pharmacokinetics and Cardiovascular Effects of 
Caffeine in Leading Caffeinated Drinks Sold in Thailand 

Chaichan Sangdee 1
, Jaroensri Khounvong 2, Supanimit Teekachunhatean1

, 

Noppamas Rojanasthien 1 

1Department of Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai, 
Thailand. 2Department of Medical Science Chiang Mai Branch, Minist1y of Public Health, 
Thailand. 

Abstract 

The objectives of this study were to measure the caffeine contents and to investigate 
the phannacokinetic profile of caffeine after consumption of tluee leading caffeinated drinks 
in 12 Thai healthy young men. In addition, blood pressure and heart rate after consumption of 
caffeinated drinks were a lso measured. Each caffeinated drink (M-150, Krating Daeng, or 
Carabao Daeng) was administered to 12 volunteers according to a randomized three-phase 
crossover design with one week washout period. Blood samples were collected immediately 
before and at 10, 20, 30, 40, 50, 60 min, 1.50, 2.0, 4.0, 8.0, 12.0, 15.0 h after ingestion. Blood 
pressure and heart rate were measured concurrently with each blood sample collection. 
Caffeine contents in caffeinated drinks and plasma caffeine concentrations were determined 
by using high performance liquid clu·omatography. Pharmacokinetic parameters were 
analyzed by using repeated measures ANOV A. The mean caffeine contents in the tluee 
caffeinated drinks were in the range of 51.59-54.44 mg/bottle which were in accordance with 
the specification of the Thai FDA. There were no signifi cant differences in the mean values of 
C , AUC , and t of the three caffeinated drinks but T of Krating Daeng and Carabao 

max 0-oo Yz max 

Daeng were s lightly and significantly shorter than that of M-150. These caffeinated drinks did 
not produce significant effects on blood pressure and heart rate in healthy young men. 

Keywords: caffeine, pharmacokinetics, cardiovascular effects 
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Introduction 
Caffeine, the most widely used 

central nervous system (CNS) stimulant 
has been found in more than 60 plant 
species, the most notable ones include 
coffee, tea, cola, cacao and guarana. 
Caffeine has impact on the CNS by 
increasing wakefulness, alertness, flow 
of thought and a sense of well being. 
These effects lead to its popular used 
worldwide. In addition to its CNS 
effects, caffeine also exerts effects on 
the cardiovascular system. The mode of 
caffeine consumption is usually by 
drinking coffee, tea, cola soft drinks, or 
chocolate. The favorable taste of the 
drinks and the stimulating effects of 
caffeine on the CNS are the bases of the 
popularity of these drinks. In the last few 
decades, another kind of drink 
containing caffeine or so called 
caffeinated drinks or energy drinks have 
gained amazing popularity worldwide. 
This trend poses public concern on the 
impact of caffeine on health and has led 
the Food and Drng Committee, Ministry 
of Public Health of Thailand to amend 
the lowering of caffeine content in the 
caffeinated drinks from 100 mg per 
serving originally to now 50 mg per 
serving'. Although the annual sale of 
these caffeinated drinks is enormous, 
reaching several hundred billion dollars 
globally, relatively few studies have yet 
addressed the effects of these drinks on 
the cardiovascular system. There are, 
however, numerous studies dealing the 
effects of caffeine in the fo1m of pure 
compound or 111 coffee on the 
cardiovascular system. Caffeinated 
drinks contain not only added caffeine 
but also vitamins, sugar, flavoring 
agents and other substances and their 
contributions to the cardiovascular 
effects in addition to caffeine are largely 
not known. Some consumers have 
complained of palpitation after 
consumption of these caffeinated drinks 
and caffeine in these drinks is to be 
blamed. The purposes of the study were 
to measure the actual contents of 

5 

caffeine in vanous caffeinated drinks 
and to evaluate its phanncokietics and 
the cardiovascular effects after the 
consumption of these drinks in healthy 
Thai volunteers. 

Materials and Methods 
Three leading caffeinated drinks 

selected for this study were M-150 
(Osotspa Co. Ltd.), Krating Daeng (T.C. 
Pharmaceuticals Co. Ltd.), and Carabao 
Daeng (Carabao Tawan Daeng Co. 
Ltd.). All these caffeinated drinks stated 
in the label that they contain 50 mg of 
caffeine in 150-ml bottle. 

Determination of caffeine content in 
caff einated drinks 

The assay of caffeine content 
was modified from the high performance 
liquid clll'omatography (HPLC) method 
previously described by Tanaka2 with 
UV detection at 274 nm. 
Chromatographic separation was 
performed on the 5 µm C 18, 100 x 4.6 
i.d. analytical and guard columns. The 
mobile phase used was l 00 mM 
NaH2POJMeOH (70/30 v/v) which was 
pumped through the column at a flow 
rate of 0.6 ml/min and at column 
temperature of 25 °C. The injection 
volume was 20 µl. Caffeine was 
separated at the retention time (RT) of 
5.4- 5.9 min. The calibration curve of 
caffeine ranging from 0.15-2.5 µg/ml 
was prepared in mobile phase to 
establish the calibration cmve for 
validation assay. Six bottles of each 
caffeinated drink were mixed and 
diluted with mobile phase to 
approximately 2.0 µg/ml concentration 
of caffeine. Twenty microliter of each 
caffeinated sample solution was injected 
into HPLC system. Caffeine contents in 
caffeinated drinks were determined by 
interpolating the peak heights of caffeine 
in the drinks with that of the calibration 
curve. 

Pharmacokinetics of caffeine in 
caffeinated drinks 
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Study design and subjects 
The study design was a single 

serving administration of the assigned 
caffeinated drink, randomized three­
phase crossover with at least one-week 
washout period. The study was approved 
by the Human Research Ethics 
Conm1ittee of the Faculty of Medicine, 
Chiang Mai University and was in 
compliance with the Helsinki 
Declaration. Male subjects, aged 
between 18-35 y were recruited and 
interviewed before the study. The body 
mass index (BMI) of subjects was within 
18-25 kg/nl. All were in good health on 
the bases of medical history, laboratory 
findings and physical examination. 
Subjects to be included in the study were 
given thorough verbal and written 
information regarding the nature of the 
study. A total of 12 men were recruited 
into the study. Signed informed consent 
of every subject was obtained prior to 
the study. Subjects who regularly 
consumed and could not avoid foods or 
drinks that contain caffeine were 
excluded as well as those with known 
hist01y of chronic renal, liver, and 
cardiovascular diseases. Recent smokers 
of cigarette or other tobacco products, a 
histo1y of substance abuse or addiction 
and use of drugs within the previous 4 
weeks were also excluded. 

Dosage and admi11istmtio11 of 
caffei11ated drinks 

Subjects were admitted to the 
Clinical Pharmacology Unit, Department 
of Pharmacology, Faculty of Medicine, 
Chiang Mai University at 5.30 AM. 
Subjects were fasted overnight for at 
least 8 h. Subjects were randomized to 
receive 150 ml either of M-150, Krating 
Daeng, or Carabao Daeng with 50 ml of 
water at 6.00 AM. Subjects were 
remained upright and were fasted for 2 h 
after caffeinated drink consumption. 
Water and lunch were served at 4 h after 
dosing. Blood samples were collected as 
stated below. After the last blood sample 
collection at 15 h subjects were 
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discharged from the Clinical Pharma­
cology Unit. After 1-week wash-out 
period, subjects received the alternative 
drink and blood samples were collected 
in the same manner. Identical meal and 
fluid were served during the 3 study 
periods. 

Plasma sample collectio11 
Venous blood samples (8 ml) 

were taken into heparinized tubes before 
and at 0.1 7, 0.33, 0.50, 0.67, 0.83, 1, 1.5, 
2 4 8 12 and 15 h after the drink. 
' ' ' ' Plasma was separated within 1 h by 

centrifugation at 2,250 rpm for 30 min. 

Plasma samples were stored at - 20 °C 

until analysis. 

Determination of caffeine ill plasma 
Caffeine in plasma was 

quantified by the HPLC method with 
UV detection at 274 nm after solid phase 
extraction (SPE) pr.oce~ur~ previousl5 
described by Biagg10111 et al . 
Cluomatographic separation of caffeine 
was done and mobile phase used was the 
same as described above. The calibration 
curve of caffeine ranging from 0.15-2.0 
µg/~tl was prepared in plasma to 
construct the calibration curve for 
validation assay. The linear regression 
analysis of peak-height ratio of caffeine 
vs caffeine concenh·ations consistently 
yielded coefficients of determination (r2

) 

of 0.998 or better. Plasma caffeine 
concentrations were derived from the 
standard calibration curves using linear 
regression. Five sets of 3 different 
concentrations (0.45, 0.9, 1.8 µg/ml) of 
quality control (QC) samples were 
analyzed on the same day and a single 
calibration curve run concurrently for 
validation of intra-day precision and on 
5 separate days with 5 concurrent 
calibration curves for validation of inter­
day precision. The average coefficients 
of variation (CV) for intra-day and inter­
day assay were 1.80% and 4.15%, 
respectively. The lower limit of 
quantification (LLOQ) was 0.1 5 µg/ml 
(%CV = 3.75) and the mean recove1y of 
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caffeine determined from 5 aliquots of 
each levels of the QC samples was 
93.33%. The average freeze-thaw 
stability of caffeine in plasma after 3 
freeze-thaw cycles was determined to be 
101.79%. 

Pharmacoldnetic analysis 
The maximal plasma 

concentration (Cmax) and time to the 
maximal concentration (Tmax) were 
obtained directly by visual inspection of 
each subject's plasma concentration­
time profile. The area under the plasma 
concentration-time curve from time 0-15 
h (AUCo-15) and 0-infinity (AUC0-<t.>) as 
well as the half life (t112) were 
determined by non-compartmental 
analysis. The slope of the terminal log­
linear portion of the concentration-time 
curve was determined by least-squares 
regression analysis and was used as the 
elimination rate constant (ke)· The 
elimination t112 was calculated as 
0.693/kc. The AUC from time zero to the 
last quantifiable point (AUCo-15) was 
calculated using the trapezoidal rnle. 
Extrapolated AUC from time t to infinity 
(AUC1-0)) was determined as Ct/ke. Total 
AUC was the sum of AUCo-15 + AUC15-
oo· In this study, the sampling time was 
continued for more than 3 times the t112 

therefore, the AUC0_15 was sufficient to 
cover at least 80% of the total AUC. The 
calculation was performed using the 
TopFit software version 2.0 for personal 
computer. 

Measurement of blood pressure and 
heart rate 

Blood pressure and heart rate 
were measured by using 01mon Digital 
Blood Pressure Monitor (Intelli Sense™, 
Model HEM-711 , Onu·on Healthcare, 
Inc.). Systolic and diastolic blood 
pressure and heart rate measurements 
were done prior to drinking of the 
designated caffeinated drink and at 10, 
20, 30, 40, 50, 60 min, 1.5, 2, 4, 8, 12, 
and 15 h after the drink. Subjects 
maintained a relaxed and semi-

recumbent position while the blood 
pressure and heart rate were monitored. 

Statistical analysis 
The pharmacokinetic parameters 

and cardiovascular parameters were 
presented as mean± SD. The differences 
between the mean values of Cmax, Tmax, 
t112, AUCo-oo, systolic and diastolic blood 
pressure, and heart rate obtained after 
the 3 caffeinated drinks were statistically 
analyzed by using repeated measures 
ANOV A. Relationship of maximal 
caffeine concentration and change in 
systolic and diastolic blood pressure and 
heart rate were analyzed by using 
Pearson correlation 

Results 

Caffeine contents in caffeinatecl 
drinks 

At least s ix bottles each of the 
three different caffeinated drinks were 
measured for caffeine contents. The 
mean caffeine contents per 150-ml bottle 
were 50.56 mg for M-150, 51.65 mg for 
Krating Daeng, and 52.88 mg for 
Carabao Daeng, represented 101.11 %, 
103.31 %, and 105.75%, respectively of 
labeled amount/bottle. 

Phannacokinetics of caffeine in 
healthy men 

A single bottle administration of 
the three caffeinated drinks in 12 healthy 
male volunteers was well tolerated and 
all subjects completed the study without 
any adverse effects. After the subjects 
drank the assigned caffeinated drinks, 
plasma concentrations of caffeine rose 
sharply and slowly declined to almost 
undetectable at 15 h. The mean plasma 
concentration-time profiles of the three 
drinks were almost identical (Fig 1). 
Comparison of pharmacokinetic 
parameters of caffeine after consumption 
of the three caffeinated drinks is shown 
in Table 1. The mean Cmax of the tlu·ee 
drinks were comparable and not 
significantly different, being 1.30 ± 

7 
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0.27, 1.42 ± 0.40, and 1.42 ± 0.34 µg/ml 
for M-150, K.rating Daeng, and Carabao 
Daeng, respectively. The mean AUC0-<0 

of the three drinks were not significantly 
different (9.62, 9.12, and 9.00 µg.h/ml 
for M-150, Krating Daeng, and Carabao 
Daeng, respectively). The mean t112 of 
the three drinks were 5.42, 5.26, and 
5.09 h for M-150, Krating Daeng, and 
Carabao Daeng, respectively and did not 
differ significantly. However, the mean 
Tmax of M-150 (0.87 h) was significantly 
longer (p < 0.05) than those of Krating 
Daeng (0.51 h) and Carabao Daeng 
(0.53 h). 

Cardiovascular effects of caff einatecl 
drinks in healthy men 

The mean values of systolic 
blood pressure, diastolic blood pressure 
and heart rate before and after the 
specified time following administrations 
of the tluee caffeinated drinks are shown 
in Table 2. There were no differences of 
these parameters between baseline and 
after administration of each caffeinated 
drink, except the diastolic blood pressure 
at 12 h for M-150 was significantly 
lower than the value at baseline. In 
addition, when the mean changes in 
systolic blood pressure, diastolic blood 
pressure and heart rate were compared 
among the three caffeinated drinks, the 
results showed no significant difference. 
However, there was a tendency of 
decline in systolic and diastolic blood 
pressure and heart rate 2-8 h after 
consumption of caffeinated drinks. No 
correlation between Cmax and changes in 
systolic blood pressure, diastolic blood 
pressure and heart rate (r2 

= 0.0) were 
found (Fig. 2). 

Discussion 

This is the first study of the 
pharmacokinetics of caffeine and the 
cardiovascular effects after consumption 
of caffeinated drinks in Thai healthy 
young men. The mean caffeine contents 
in the three caffeinated drinks were in 
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the range of 50.56-52.88 mg/bottle 
which were in accordance with the 
regulation of Thai FDA 4• The 
pharmacokinetics of caffeine and its 
effects on the cardiovascular effects 
after ingestion of the caffeinated drinks 
under the present study were therefore in 
these close ranges. Phannacokinetic 
parameters of caffeine in our study were 
AUCo-«i, Cmax, Tmax, and t112. We found 
no differences of these parameters 
among the three caffeinated drinks 
except a slightly longer Tmax of caffeine 
in M-150. Tmax was in the range of 0.51-
0.87 h (approximately 30-45 min) and 
translates into rapid absorption. This is 
what to be expected since all studied 
drinks are in clear solution and the 
absorption of caffeine should therefore, 
be rapid. After caffeine reaches the 
systemic circulation, its pharmacokinetic 
behaviors must follow the unique 
characteristics of caffeine whether it is 
contained in M-150, Krating Daeng or 
Carabao Daeng. ·The Cmax (1.30-1.42 
µg/ml), Tmax (0.51-0.87 h) and t112 (5 .09-
5.42h) of caffeine in these drinks in line 
with those previously reported in 
literatures5

-
7

. 

Although several studies have 
reported caffeine effects on systolic 
blood pressure, diastolic blood pressure 
and heart rate but it is still a 
controversial issue whether caffeine 
increases, decreases or has no effects on 
them. This may be due to the differences 
in the nature of study (acute or chronic), 
the sources of caffeine (coffee, tea, or 
pure caffeine) and the doses of caffeine 
used. For example, Robertson et al 
found that after administering 250 mg of 
caffeine to 9 healthy participants 
produces 14 and 10 mmHg increase in 
systolic and diastolic blood. pressure, 
respectively at 1 hour after caffeine 
ingestion.8 Whitsett et al reported that 
administering 2.2 mg/kg of caffeine to 
54 participants increases systolic and 
d iastolic blood pressure by 9 and 10 mm 
Hg, respectively and decreases heart rate 
by 10 beats/min9

. 
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Figure l Mean plasma caffeine concentrat ion-times curves after single oral adminis­
tration of caffeinated drinks. M l 50 = M-150, KD = Krating Daeng, 
CA = Carabao Daeng. 

Table 1 Pharmacokinetic parameters after single oral administration of caffeinated drinks. 

Subject c ... , (11g/ml) AUCo..., (11g.h/ml) Tmu (h) tin (h) 
No. MISO KD CA MISO KD CA MISO KD CA MIS KD CA 

0 
I 1.64 1.86 1.58 14.48 14. 19 12.92 1.00 0.33 0.67 7.66 7.31 5.85 
2 1.34 1.50 1.36 11 .27 9.32 8.0 1 0.83 0.33 0.33 6.02 7. 10 5.59 
3 0.67 0.84 0.85 4.32 5.56 7.57 0.83 0.83 0.33 3. 17 7.16 6.60 
4 1.29 1.5 1 1.02 6.80 6.96 9.56 0.50 0.33 0.83 5.34 5.69 5.90 
5 1.01 1.29 1.39 6.53 4.13 7.02 0.83 0.33 0.33 3.71 2.80 4.4 1 
6 1.23 0.87 1.35 4 .04 2 .35 5.87 0.67 0.33 0.67 3.98 1.40 3.64 

7 1.48 1.6 1 1.39 16.35 16. 16 8.64 1.00 0.50 0.50 7.87 7.27 4.58 
8 1.50 1.82 2.22 16.32 11.2 1 13.23 1.50 0.33 0.33 8.28 4.58 6.73 

9 1.29 1.8 1 1.50 6.26 7.38 6.07 0.83 0.50 0.50 3.79 3.25 2.99 
10 1.19 1.03 1.39 7.07 8.27 9.47 1.00 1.00 0.83 4.96 4.75 5.44 
I I 1.28 1.86 1.72 13.5 1 15.32 11.67 1.00 0.33 0.50 6.14 7.37 5.56 
12 1.67 1.02 1.24 8.49 8.64 8.01 0.50 1.00 0.50 4.09 4.42 3.78 

Mean 1.30 1.42 1.42 9.62 9. 12 9.00 0.87 0.5* o.5* 5.42 5.26 5.09 
SD 0.27 0.40 0.34 4.55 4.37 2.47 0.27 0.27 0.19 1.78 2.05 1.20 

Median 0.83 0.33 0.50 

* Si nificantl g y differed from M- 150· Ml 50 = M-150 KO = K.ratin g Da 'n g, CA = Carabao Daen g 

Haller el al and Pincomb el al 
administered 200 mg and 3.3 mg/kg of 
caffeine, respectively, and found 
statistically significant increase in blood 
pressure in both studies while there is a 
decrease in or no change in heart rate6

'
10

. 

On the contra1y , some studies using 
smal !er doses reported no changes in 
blood pressure and heart rate. The study 

of Benowitz on 25 mg of caffeine 
administered intravenously reported no 
changes in systolic and diastolic blood 
pressure and heart rate 11

. Astrup el al 
studied several doses of caffeine on 
cardiovascular system and reported that 
100-mg and 200-mg doses of caffeine do 
not increase systolic and diastolic blood 
pressure or heart rate12

. Castiglia el al 
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caffeinated drinks has no effect on 
systolic and diastolic blood pressure and 
heart rate. However, we found 
significant decrease in diastolic blood 
pressure at 12 hours after drinking M-
150 only and considered to be of no 
clinical significance. Although some 
studies reported increase in blood 
pressure and/or heart rate after ingestion 
of caffeine in the form of coffee or 
tablets containing caffeine, the doses of 
caffeine in those studies were 4-6 times 
higher than the present study6·8-

10
• Even 

at these high doses of caffeine, the 
effects on heart rate is mostly brad~­
cardia or not change in the rate6

•
9

-
5

. 

Nevertheless, the Sixth Report of the 
Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of 
High Blood Pressure by National 
Institute of Health, National Heart Lung, 
and Blood Pressure and National High 
Blood Pressure Education Program 
states that "caffeine may raise blood 
pressure acutely, tolerance to this 
pressor effect develops rapidly, and no 
direct relationship between caffeine 
intake and elevated blood pressure has 
been found in most epidemiological 
surveys" 17

. We also found no rela­
tionship behveen caffeine concentrations 
and changes in systolic and diastolic 
blood pressure and heart rate (r2 

= 0) 
which can be implied that at any or even 
at the maximum caffeine concentrations 
of 1.30-1.42 µg/ml produced by the dose 
in the drinks did not actually have any 
appreciable effects on the cardiovascular 
system. 

All subjects recruited in our 
study were refrained from consumption 
of beverage and food containing caffeine 
before and during the study period. In 
addition, washout period was 
sufficiently long to ensure to cle"arance 
of caffeine from the body. Therefore, the 
effects observed in this study cannot be 
accounted by tolerance to the effects of 
caffeine. There were no subjects 
complaining of palpitation in the present 
study. 

11 

Limitations of the present study 
are the small number of subjects and the 
caffeinated drinks used in this study 
contain not only caffeine but also other 
substances that are not present in coffee 
and tea and generalization of caffeine 
effects in these different beverages 
should be done cautiously. In 
conclusion, the mean caffeine contents 
in the three caffeinated drinks were in 
accordance with the specification of the 
Thai FDA. There were no significant 
differences in the mean pharmacokinetic 
values among the three caffeinated 
drinks. Our study found that 50 mg of 
caffeine in these caffeinated drinks has 
no significant effects on systolic and 
diastolic blood pressure and heart rate. 
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Abstract 

13 

Nelfinavir mesylate is a non-peptidic protease inhibitor that shows activity 
against HIV-1 and HIV-2. It is more slowly absorbed than other HIV-1 protease 
inhibitors and the absorption is enhanced by administration of the drug with food. 
Intra-individual and inter-individual variability of nelfinavir concentration in plasma 
are largely as a consequence of variable absorption which reflects the unpredictable 
nature of nelfinavir absorption. A method has been developed which is both sensitive 
and selective for the determination of nelfinavir in plasma, for use in a 
phannacokinetic study. Both nelfinavir and saquinavir show adequate separation from 
the endogenous components indicating the specificity of the pretreatment and 
chromatography procedure. The assay has been validated over the range 20.4 to 2,040 
ng/mL using n=5. The extraction recoveries of nelfinavir and saquinavir (internal 
standard) using the solid-phase extraction method described is greater than 64.8 and 
75 .5%, respectively. The calibration curve was linear over the range 20.4 to 2,040 
ng/mL with the coefficient of determination of.0.999. Both inter-day and intra-day 
coefficients of variation were less than 6% for all concentrations. The limit of 
detection was 6.5 ng/mL while the limit of quantitation was 20.4 ng/mL. Average 
accuracies at three concentrations were in the range 98.4% to I 02.0%. The method is 
suitable for the phannacokinetic study of nelfinavir. 

Keywords: Nelfinavir, Saquinavir, Pharmacokinetic 
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Introduction 

Nelfinavir mesylate (Figure I), 
is a white or off white amorphous 
powder, and is formulated as a basic 
amine salt of methansulphonic acid. It 
is a nonpeptidic protease inhibitor that 
is active against both HIV -1 and HIV-
2. Nelfinavir is recommended for the 
treatment of HIV infection in adults 
and children in combination with other 
nucleoside reverse transcriptase 
inhibitors. Nelfinavir is given by 
mouth as the mesylate salt, but doses 
are expressed in terms of the base. An 
adult dose of 1.25 g twice daily or 0.75 
g tlu·ee times daily is normally 
administered with food 1• Children 
aged 2 to 13 years may be given 20 to 
30 mg per kg body-weight, three times 
daily in oral powder or suspension 
dosage forms. 

Figurel Chemical structure of 
nelfinavir mesylate. 

The absorption of nelfinavir is 
much slower than other HIV-I 
protease inhibitors. The peak and 
trough nelfinavir concentrations after 
administration of 750 mg tlu·ee times a 
day in adults are 2.9 and 1.2 ~tg/ml, 

respectively2
. The area under the curve 

(AUC) for the period from 0 to 8 hours 
ranged from 3.62 - 36.06 ~tg.hr/ml3 . 
The time to peak concentration has 
been determined as 2 to 4 hours with 
the terminal half-life between 3.5 to 5 
hours4

. Nelfinavir absorption is 
enhanced by administration with food. 
A moderate fat meal increases the peak 
concentration and AUC, two to three 
folds when compared to fasting 
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condition 1• The recommended 
administration for nelfinavir is that it is 
taken with a meal or light snack4

. Intra­
individual and inter-individual plasma 
nelfinavir concentrations variability is 
considered largely due to the variable 
absorption which reflects on the 
unpredictable nature of nelfinavir 
absorption. 

Nelfinavir undergoes oxidative 
metabolism in the liver primarily by 
CYP2C 19 but also by CYP3A4 and 
CYP2D6. Its major hydroxyl+ 
butylamide metabolite, M8, is formed 
by CYP2Cl9 and has in vitro antiviral 
activity equal to that of the parent drng. 
This is the only known active 
metabolite of HIV protease inhibitor. 
M8 concentrations are 30% to 40% 
those of parent drug. Nelfinavir and its 
metabolites are eliminated mainly in 
feces, with less than 2% of drng 
excreted unchanged in the urine. Liver 
disease may prolong the half-life and 
increase plasma concentrations of the 
parent drug while lowering plasma 
concentrations of M8. So the 
concomitant administration of agents 
that induce enzymes CYP2C 19 and 
CYP3A4 and nelfinavir may be 
contraindicated. Nelfinavir is greater 
than 98% bound to plasma proteins, 
mostly to albumin and a1-acid gly­
coprotein. It is present in CSF at less 
than 1 % of plasma concentrations5

. 

The distribution into breast milk is not 
known4

. The most important side 
effect of nelfinavir is diarrhea or loose 
stools. Otherwise, nelfinavir is 
generally well tolerated but has been 
associated with glucose intolerance, 
elevated cholesterol levels, and 
elevated h·iglycerides. Nelfinavir is 
well tolerated in pregnant HIV-infected 
women and shows no evidence of 
teratogenesis. The drug also has been 
used in HIV-infected patients with 
significant hepatic dysfunction without 
evidence of untoward toxicity despite 
higher drug concentrations 6. 
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µg/ml of saquinavir in methanol) were 
added to 1.2 ml of plasma, vortexed, 
and then centrifuged at 13000 rpm for 
six minutes. A 2 ml aliquot was added 
to a C 18 Bond Elut® cartridge 
previously wetted with 2 ml methanol 
and subsequently conditioned with 2 
ml of 2.5% phosphoric acid . The Bond 
Elut® cartridge was washed with 2 ml 
of 2.5% phosphoric acid followed by l 
ml of acetone. Nelfinavir was eluted 
with 1 ml of 0.005% perchloric acid in 
methanol. The acid methanol extract 
was evaporated to dryness in a stream 
of nitrogen at 40°C and the residue 
reconstituted 111 100 µl of 60% 
acetonitrile in water immediately 
before chromatography. A 20 µl 
sample was injected into the 
chrnmatographic system. 

Method Validation 

Specificity 
Specificity (selectivity) of the 

analytical method was by comparison 
of the chromatograms obtained for 
plasma blank and spiked plasma 
sample. The blank and spiked sample 
showed no interference from 
endogenous substances. 

Recovery 
Plasma was spiked with an 

aqueous solution of nelfinavir to 
provide concentrations of 0.51, 1.02 
and 1.53 µg/ml respectively. These 
samples were subjected to the 
pretreatment procedure described 
previously and 20 ~ti of the final 
extract was injected and peak heights 
recorded. These were compared with 
the peak heights obtained by injection 
of 20 µl of samples containing 5.1, 
10.2 and 15.3 µg/ml of nelfinavir in 
60% acetonitrile in water. This allows 
for the ten folds concentration stage 
incorporated during the pretreatment 
process. 

Accuracy 
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Five separate sets of plasma 
spiked with nelfinavir at concentrations 
of 0.51 , 1.02 and 1.53 µg/ml were 
prepared and subjected to the 
analytical method described 
previously. The amount of nelfinavir in 
each spiked sample was then 
determined using one calibration line 
obtained in the same run. Results for 
the mean value of nelfinavir found 
were compared to the hue value. 

Intra and Inter-day Precision 
Five separate sets of plasma 

spiked with nelfinavir at concentrations 
of 0.51, 1.02 and 1.53 µg/ml were 
prepared. The amount of nelfinavir in 
each spiked sample was determined, 
using one calibration line obtained in 
the same nm for intra-day precision. 
The inter-day prec1s1on was 
determined by repeated analysis over 
five different days. The coefficient of 
variation (%CV) was then calculated. 

Calibration procedure 
Blank plasma was spiked with 

nelfinavir to provide seven 
concentrations over the range 20.4-
2040 ng/ml. A blank plasma sample 
was included in all calibration 
procedures. Peak height measurements 
were made at ranges between 0.005-
0.02 AUFSD. Calibration equations 
were obtained by linear regression of 
peak height ratio on concentration in 
the plasma. 

Limits of Detection (LOD) and 
Quantitation (LOQ) 

The LOD for nelfinavir in 
plasma was determined by injecting 
successively lower concentrations until 
a signal/noise ratio of approximately 3 
was obtained at a detector range of 
0.01 AUFSD. The LOQ is defined as 
the lowest concentration of nelfinavir 
that can be determined with acceptable 
precision and accuracy under the stated 
experimental conditions. The LOQ was 
estimated by analyzing samples with 
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known amounts of nelfinavir, at 
progressively lower concentrations, 
starting at the lower end of the 
calibration curves. The LOQ was 
considered as the concentration level in 
which accuracy and precision were still 
better than 20%. 

Stability 

The long-term stability 
In this study was designed for 

two months which exceeded the time 
between the date of first sample 
collection and the date of last sample 
analysis. Long-term stability was 
determined by storing three aliquots of 
each of the low and high 
concentrations at -20°C in the same 
freezer as the study samples. The 
samples are analyzed in eve1y second 
week after storage. The concenh·ations 
of all the stability samples were 
compared to the mean of back­
calculated values for the standards at 
the appropriate concentrations from the 
first day of long-term stability testing. 

Freeze and thaw stability 
The nelfinavir stability was 

determined after three freeze and thaw 
cycles. Tluee aliquots of each of the 
low and high concentration were stored 
at -20°C for 24 hours and thawed 
unassisted at room temperature. When 
completely thawed, the samples are 
frozen again for 12-24 hours at -20°C. 
This was repeated twice more and the 
remaining nelfinavir determined. 

Short term stability 
Three aliquots of the low and 

high concentration are thawed at room 
temperature and kept at the room 
temperah1re for 0, 6 and 12 hours. The 
nelfinavir was then detennined. 

Post preparative stability 
The remauung nelfinavir 

concentrations are detennined at 0, 6 
and 12 hours after processed samples. 

Thai J Pliarmacol; Vol 30: No 2, 2008 

The stability of nelfinavir and 
saquinavir (internal standard) are 
assessed over the anticipated run time 
for the batch size of the samples by 
determining concentrations on the 
basis of original calibration standards. 

Clinical Protocol 

The clinical protocol was 
approved, based on the Declaration of 
Helsinki, by the Ethics Committee of 
Khon Kaen University, Thailand. The 
no. is HE460725, 18 September 2003. 

The inclusion criterion for 
healthy volunteers was as follows: The 
volunteers should be aged between 18-
45 years. The weight and height of the 
volunteers should be in the normal 
range (i.e. body mass index between 
18-24 kg/m2 or within ±10% ideal 
body weight). Blood analysis should 
be normal for liver and kidney 
function. Volunteers should have no 
medical history of cardiovascular, 
liver, kidney, alimentaiy, allergy and 
immune systems problems. All 
volunteers should be non smokers with 
no histo1y of alcohol or drug abuse. 
The volunteers were required to sign 
the consent form agreeing to the sh1dy 
after full details of the study were 
explained to them. 

The exclusion criterion was: 
Allergic reaction to nelfinavir and 
previous use of nelfinavir. 

The criterion for withdrawal 
from the study was: The volunteer 
elected to withdraw from the study; the 
volunteer was suffering from some 
illness or was subject to adverse effects 
from the nelfinavir. 

The sh1dy was a randomized 
crossover design. Twenty healthy 
volunteers were enrolled in the study. 
The subjects had fasted from 24.00 pm 
the previous night. On the day of the 
study, subjects had to be present at the 
investigation unit at 8.00 am. The i.v. 
catheter fitted with a tluee-way 
stopcock was inserted into the 
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antecubital vem of one arm and the 
patient maintained with normal saline. 
Blood samples (5 ml) were taken from 
each volunteer to provide a baseline 
measurement. The volunteers then had 
breakfast (rice boiled with chicken 
which was considered as high calorie 
food). Immediately after the meal, one 
250 mg nelfinavir tablet was then taken 
with a glass of water. The dose 
administered was one- third to one-fifth 
of the normal clinical dose was 
selected to m11111mze dose-related 
adverse effects of nelfinavir in healthy 
volunteers. Blood (5 ml) was then 
sampled at 1, 2, 3, 4, 5, 6, 7, 8, 10, 12 
and 24 hours after administration of the 
nelfinavir tablet. The volunteers were 
allowed to take usual food after I 0.30 
am. Each blood sample was 
centrifuged and plasma samples were 
stored at -20°C until chromatographic 
analysis at a later date. 

Results and Discussion 

Figure 2 show chromatograms 
of an aqueous standard of each and a 
mixture respectively, the resolution 
between nelfinavir and IS is greater 
than 1. It was decided to use solid 
phase extraction as the method of 
choice for extraction but the recove1y 
problems had to be investigated. This 
was done by using different methods to 
reduce protein binding and to improve 
the washing stage to remove 
endogenous material. To prevent 
protein binding of nelfinavir, l ml of 
2.5% phosphoric acid is added to 1.2 
ml of plasma sample. This markedly 
improves the reproducibility of the 
method. To clean up the endogenous 
materials from the plasma, various 
solvents were tested. Acetone was 
found to be the best choice for the 
washing phase and markedly reduced 
the interference from endogenous 
substances. The recoveries for various 
concentrations of nelfinavir and one 
concentration of IS are shown in Table 
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l along with %CV. The resolution 
measured in water is maintained in the 
biological matrix as shown in Figure 3. 
Both nelfinavir and IS also show 
complete separation from any 
endogenous components, indicating 
the specificity of the pretreatment and 
chromatography procedures. 

Table 2 shows the concentra­
tions found in each sample along with 
%CV for 5 determinations. It can be 
seen that in all cases the accuracy 
expressed as a percentage of spiked 
concentration found is between 98-
102% with %CV between 2.12 and 
4.42%. 

The precision of the proposed 
assay method inter and intra-day is 
shown in Table 3. The results were 
obtained by repeated analysis of spiked 
plasma samples over a period of one 
clay. Inter and intra-day precision for 
nelfinavir is expressed as the 
coefficient of variation (%CV). For 
intra-day precision the %CV was less 
than 4.22% while for inter-day the 
%CV was less than 5.93%. 

Table 4 indicates the constancy 
of the slope of the calibration line over 
a period of five days. The %CV for the 
slope was less than 6%. A single 
calibration line obtained from eight 
concentrations of nelfinavir spiked in 
plasma over the range 0-2.04 ~tg/ml is 
shown in Figure 4, the coefficient of 
determination (r2

) was 0.999. The LOD 
was determined as 6.5 ng/ml and the 
LOQ was determined as 20.4 ng/ml 
with a %CV of 13.7%. 

The results of long term 
stability of nelfinavir spiked in plasma, 
stored in -20°C freezer for a period of 8 
week is shown in Table 5. The 
decomposition of nelfinavir was 
negligible at concentrations of 0.5 and 
1.5 µg/ml. This is in agreement with 
other published results 21

• 

Table 6 shows the percentage 
of nelfinavir determined after three 
freeze and thaw cycles for the low and 
high concentration was 108.51 and 
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107.35 respectively when compared to 
the freshly prepared spiked samples. 
The concentration of nelfinavir was 
determined from three aliquots of the 
low and high concenh·ations of spiked 
plasma samples after thawing and 
storage at room temperature for 6 and 
12 hours. The %CV was 3.1 and 2.5 
for the low and high concentrations, 
respectively, which is under the 
required limit of ± 15%22

. Samples of 
low and high concenh·ation nelfinavir 
in plasma were extracted and 
reconstituted and stored for 6 and 12 
hours at room temperature. The 
concentration of nelfinavir was 
determined and the% CV was 5.9 and 
4.3% respectively, which is inside the 
required ± 15%. 

The validated method was 
applied to the pharmacokinetic study. 
Figure 5 shows chromatogram 
obtained from consequence manual 
injection of plasma samples of a 
volunteer, blood collected at 0, I and 2 
hours after administration of a single 
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oral dose of 250mg of nelfinavir, with 
internal standard. 

The pharmacokinetic para­
meters calculated using the individual 
concentration-time profiles from this 
study are listed in Table 7. Four out of 
20 subjects were not in the inclusion 
criteria and one elected to withdraw 
from the study. The results from 15 
subjects show that the peak plasma 
level (Cmax) ranged from 868-2666 
ng/ml, the area under the curve (AUC0. 

a:i) ranged from 4.9-32.4 ~tg.hr/ml , the 
time to peak concentration (Tmax) was 
between 2-5 hours and the elimination 
half-live (t112) was between 1.9-4.9 
hours. The results show high inter­
individual variation among subjects 
(%CV > 30) for the pharmacokinetic 
parameters. This was significant in 
subject no. 19. The mean plasma 
concentration vs time profile in 15 
subjects for nelfinavir is shown in 
Figure 6. 

Figure 2 Chromatogram of nelfinavir (A), internal standard (saquinavir) (B) and 
mixture (C) at a concentration of 10.2 and 8.33 µg/ml in 60% acetonitrile in 
water, respectively. 
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Figure 3 showing the specificity of the analytical and pre-h·eatment method described 
for (A) blank plasma and (B) nelfinavir (1.02 µg/ml) spiked in plasma and 
IS (5 µg/ml) . 

Table 1 shows the percentage recove1y of nelfinavir and saquinavir (IS) after 
extraction from biological fluid. 

%Recovery n=5) 
Compounds Spiked value (~tg/ml) Mean SD %CV 

Nelfinavir 0.51 64.87 5.88 9.07 
Nelfinavir 1.02 74.8 1 4.38 5.86 
Nelfinavir 1.53 71.50 5.18 7.24 
Saquinavir 8.33 75.55 2.26 2.99 

Table 2 shows the accuracy of the analytical method (n=5). 

Level Spiked value (ug/1111) Recovered value (~tw'ml) % found %CV 
1 0.5 10 0.502 98.43 2.12 
2 1.020 1.040 101.96 4.42 
3 1.530 1.518 99.22 2.32 

Table 3 shows the precision inter day and intra-day of the analytical method for the 
assay of nelfinavir in biological fluid. 

Spiked concentration (µg/ml) Recovered value (pg/ml) 

Mean %CV 
Intra-day 0.51 0.50 ± 0.01 2. 12 
(n=5) 1.02 1.04 ± 0.05 4.42 

1.53 1.52 ± 0.04 2.32 

Inter-day 0.51 0.50 ± 0.02 3.01 
(n= l2) 1.02 1.05± 0.06 5.93 

1.53 1.53± 0.06 3.60 
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Figure 4 shows a single calibration curve demonstrating linearity between 
concentration (0 - 2.04 pg/ml) and peak height ratio. 

Table 4 shows the constancy of linearity of nelfinavir in biological fluid (n=5) 
over a five day period. 

Mean SD %CV 
Slope 1.212 0.069 5.68 
Intercept 0.001 0.009 
Coffelation coefficient (Ri) 0.999 0.000 0.03 

Table 5 shows the long term stability of nelfinavir spiked samples in plasma for a 
period of 8 weeks. 

Cone. Concentration found (ug/ml) (n=3) 
~tg/ml Oweek 2 weeks 4 weeks 6 weeks 8 weeks 

0.5 0.47 ± 0.01 0.47 ± 0.00 0.46 ± 0.00 0.45 ± 0.01 0.46 ± 0.01 
1.5 1.42 ± 0.01 1.36 ± 0.01 I .37 ± 0.03 1.37 ± 0.05 1.40 ± 0.04 

Table 6 shows the 3 cycles freeze and thaw stability of nelfinavir compared to freshly 
prepared plasma samples. 

Concentration found (ug/1111) (n=3) 
Cone. (µg/ml) Freshly prepared 3 cycles % of nelfinavir 

0.5 0.47 ± 0.00 0.51 ± 0.03 108.51 
1.5 1.36 ± 0.01 I .46 ± 0.01 107.35 
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Table 7 shows the calculated pharmacokinetic parameters for individual subjects after 
ingestion of a 250 mg single oral dose of nelfinavir tablet. 

Subjects Tmn Cmu (ng/ml) AU Co,,, AUCo.12 %AUC t112 (hr) 
(hr) (112.hr/ml) (ne.hr/ml) extrapolated 

I 3.0 1705.8 13169 11816 10.3 3. 1 
2 3.0 1979.4 11052 10420 5.7 2.8 
3 4.0 980.8 5414 5219 3.6 2.1 
6 3.0 868.2 5225 4710 9.9 4.3 
8 2.0 978.9 5783 5356 7.4 3.6 
9 3.0 1060.7 6218 5939 4.5 2.4 
10 5.0 951.9 8202 6932 15.S 3.9 
12 3.0 1303.8 5661 5499 2.9 2.0 
13 3.0 11 36.7 6025 5748 4.6 2.4 
IS 2.0 1395.0 6939 6775 2.4 1.9 
16 3.0 2098.9 16024 14504 9.5 3.5 
17 4.0 1094.0 5609 5145 8.3 3.4 
18 3.0 1073.S 5690 5340 6.2 2.7 
19 4.0 2666.0 32439 25208 22.3 4.9 
20 3.0 994.3 4898 4571 6.7 3.0 

Mean 
(n=15) 3.2 1352.5 9223 8212 8.0 3.1 
S.D. (n=15) 0.8 526.6 7216 5535 5.2 0.9 
%CV 
(n=IS) 24.2 38.93 78.2 67.4 65.7 28.6 
Maximum 
(n= IS) s.o 2666.0 32439 25207.8 22.3 4.9 
Minimum 
(n=IS) 2.0 868.2 4898 457 1 2.4 1.9 

T2 Tl. TO 
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Figure 5 shows cluomatogram obtained from continue manual injection the plasma 
samples of a volunteer, at time 0 (TO), 1 (T 1 ), 2 (T2) hours after adminis­
tration of a single oral dose of 250mg of nelfinavir, with internal standard. 
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Nelfinavh· concentt·ation-thne profile (n= l5) 
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Figure 6 shows the plasma concentration-time profile (mean± S.D., n= 15) of 

nelfinavir after oral administration of a 250 mg tablet. 

Conclusions 
A new method has been 

developed with a better extraction 
system for nelfinavir from plasma. The 
method is sensitive to allow 
determination of lower doses of the 
potentially toxic nelfinavir to be 
enabled. The results show similar 
values for the pharmacokinetic 
properties measured when compared 
with other time consuming methods. 
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Abstract 

The methanolic extract of Kaempferia galcmga Linn. (Zingiberaceae) was 
investigated for its antinociceptive activity and its possible mechanisms in mice and rats 
using acetic acid-induced writhing, formalin, hot plate and tail-flick tests. The extract at 
test doses of 50, 100 and 200 mg/kg PO clearly demonstrated antinociceptive activity 
in all tests. This activity was dose and time-dependent. The extract administered at 200 
mg/kg PO had a stronger antinociceptive effect than aspirin ( 100 mg/kg PO) but less 
than morphine (5 mg/kg SC) in the formalin test in mice. Naloxone (2 mg/kg IP) 
abolished the antinociceptive activity of both morphine (5 mg/kg SC) and the extract 
(200 mg/kg PO) by reducing the reaction time of rat in the tail-flick test and in the mice 
hot plate test. The antinociceptive mechanisms appear to be both peripherally and 
centrally-mediated actions. The LD5o value of the extract given orally was estimated to 
be more than 5 g/kg in mice. 

Keywords: Kaempferia galanga, antinociceptive activity, aspirin, morphine; naloxone 
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Introduction 
Medicinal plants are important 

sources of new chemical substances that 
potentially have strong therapeutic 
effects. Kaempferia ga/anga Linn. 
(Zingiberaceae), commonly called 
"Proh Hom" in Thai, is an acaulescent 
perennial growing in Southern China, 
Indochina, Malaysia, India and 
Thailand. This medicinal plant has been 
extensively used for treatment of 
various disorders including hyper­
tension, rheumatism and astluna 1• In 
Thailand, the rhizome of K. ga/anga is 
used by people in many regions for 
relieving toothache, abdominal pain, 
muscular swelling and rheumatism2

. 

The most common indications for its 
use, besides hypertension, include 
rheumatism, asthma, headaches, cough, 
toothaches and as a poultice for 
applying to brnises and wounds3

. In 
Malaysia and Indonesia, this plant is 
used to make a gargle, the leaves and 
rhizomes are chewed to treat coughs, or 
pounded and used in poultices or lotions 
applied to relieve many ailments. The 
juice of the rhizome is used as an 
expectorant and carminative, and is 
often a part of children's medicine and 
tonics. The rhizome is also used to treat 
abdominal pain, and as an embrocation 
or sudorific to treat swelling and 
muscular rheumatism4

• In China, this 
plant is used as a remedy for toothache, 
as a stimulant, canninative to treat 
cholera, and to treat contusions, chest 
pains, headache and constipation5

•
6

. 

Additionally, the rhizomes of the plant 
that contains essential oils have been 
used in a decoction or powder for 
indigestion, cold, pectoral and 
abdominal pains, headache and 
toothache7

. Its alcoholic maceration bas 
also been af plied as a liniment for 
rheumatism8

• . Some pharmacological 
activities of K. galanga have been 
reported, for example, as a smooth 
muscle relaxant 10 and vasorelaxant4•

11
. 

In summary, K. galanga 
posseses several bioactivities and is 
widely used in Thai and other Asian 
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traditional medicine but so far its 
antinociceptive activity has not been 
investigated. The major chemical 
constitutents of the vo latile oil extracted 
from dried rhizome were ethyl-p­
methoxycinnamate (3 1.77%), methyl­
cinnamate (23.23%), carvone (11.13%), 
eucalyptol (9.59%) and pentadecane 
(6.41 %), respectively12

• Other 
constitutents of the rhi zome include 
cineol, borneol, 3-carene, camphene, 
kaempfera l, cirurn maldehyde, p-metho­
xycinnamic acid, ethyl cinnamate and 
ethyl p-methoxycinnamate13

• A 
methanolic extract of the rhizome 
contains ethyl p-methoxy trans­
cinnamate, which is highly cytotoxic to 
HeLa cclls14

. 

In the present study, K. ga/anga 
was selected because it is one of the 
medicinal plants commonly used in 
remedies to treat abdominal pain, 
toothache, swelling and rheumatism in 
Thai traditional medicine and other 
countries in Southeast Asia. However, 
no pharmacological data have 
previously been systematically con­
ducted to evaluate the antinociceptive 
activity of this plant. In thi s work we 
evaluate the "Proh Hom" anti­
nociceptive activity in experimental 
animals. 

Materials and Methods 
1. Plant material 

K. galanga were collected in 
January, 2006 from the Chana District, 
Songk11la Province, Thailand. The plant 
was identified by Professor Puangpen 
Sirirugsa, Department of Biology, 
Faculty of Science, Prince of Songkla 
University. A voucher specimen NO. 
200601 of the plant material has been 
deposited in the Prince of Songkla 
University Herbarium, Department of 
Biology, Faculty of Science, Prince of 
Songkla University, Hat Yai, Songkhla, 
Thailand. 

2. Experimental animals 
Male Swiss albino mice and 

Wistar rats were used m the 
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experiments. All animals obtained from 
the Southern Laboratory Animal 
Facility, Prince of Songkla University, 
Hat Yai, Songkhla, Thailand, were kept 
in a room maintained under standard 
environmentally controlled conditions 
of 24 ± 1 °C and 12 h light-1 2 h dark 
cycle. They were supplied ad libitum 
with standard rodent diets and water. 
All experiments were approved by 
Animal Ethics Committees, Prince of 
Songkla University, Thailand. 

3. Preparation of the plant extract 
and reference drugs 

20 kg of the fresh plant K. 
gala11ga, including rhizomes, stems and 
leaves, was cleaned with tap water and 
air-dried at room temperahire (28-30 
°C). The dried plant material was 
pulverized by an electric blender to give 
5 kg of a coarse powder. The powder 
obtained was macerated with I 0 L of 
methanol and left for 7 days at room 
temperature. The maceration process 
was repeated twice and the combined 
ext racts were filtered by suction through 
a Buchner funnel fitted with a Whatman 
No. 40 filter paper. The filtrate was 
evaporated at 40-60 °C under reduced 
pressure by a rota1y evaporator and 
lyophilized by freeze-d1y ing to give a 
total semi-solid residue of 119.2 g 
(yield 0.6 %w/w) which was stored in a 
closed bottle and kept in a refrigerator 
at temperah1re belmv 4 °C until tested. 
The methanolic extract of K. galanga 
(MEKG) at doses of 50, 100 and 200 
mg/kg was prepared by suspending this 
residue in the cosolvent (propylene 
glycol : tween 80 : distilled water; 
4 : 1 :5). This solution and cosolvent 
controls were given to the animals 
orally. The reference drngs used in this 
sh1dy were aspmn ( 100 mg/kg), 
morphine sulphate (5 mg/kg) and 
naloxone (2 mg/kg). All of reference 
drugs were prepared by dissolving in 
0.9% normal saline. 
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4. Investigation of antinociceptive 
activity 
4.1 Acetic acid-induced writhings in 
mice 

The method of Koster, et al. 15 

was used to evaluate the antinociceptive 
activity. The extract at doses of 50, 100 
or 200 mg/kg was administered orally to 
each mouse 30 min before 
intraperitoneal ltlJection with 0.6% 
acetic acid in 0.9% normal saline (10 
ml/kg body weight) to induce the 
characteristic writhings. Cosolvent (10 
ml/kg PO) and aspirin (100 mg/kg PO) 
were given to mice in the control and 
reference groups, respectively. The 
mice were observed and counted for the 
number of abdominal constrictions and 
stretchings in a period of 0-20 min. The 
responses in the treated groups were 
compared with those of animals in the 
control group. The percentage of 
inhibition of the number of writhings 
was calculated. 
4.2 Formalin test in mice 

The method described by 
Hunskaar, et al. 16 was used. The control 
group received cosolvent (10 ml/kg PO) 
and reference groups received aspirin 
( 100 mg/kg PO) and morphine sulphate 
(5 mg/kg SC). MEKG at doses of 50, 
100 and 200 mg/kg were administered 
orally to the animals. After 30 min of 
treatment (except only 15 min for 
morphine), 20 ~tL of 2.5% formalin in 
saline was injected subcutaneously into 
a hind paw of each mouse. The time 
spent in licking the injected paw was 
recorded and expressed as the total 
licking time in early phase (0-5 min) 
and late phase (1 5-30 min) after for­
malin injection. 
4.3 Hot p late test in mice 

The method of Woolfe and 
MacDonald 17 was followed. The 
animals in the control group received 
cosolvent (10 ml/kg PO) while the 
reference groups were treated with 
morphine sulphate (5 mg/kg PO) and 
naloxone (2 mg/kg IP). The animals in 
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the test groups were treated with 
different doses (50, 100 and 200 mg/kg 
PO) of K. galanga. In the remaining 
groups, the animals received naloxone 
(2 mg/kg IP) 10 min before morphine (5 
mg/kg SC) or the extract (200 mg/kg 
PO). After 30 min of treatment with all 
test drngs (except only 15 min for 
morphine and 10 min for naloxone), 
mice were placed on a hot plate 
maintained at 55 °C ± l °C. The latency 
of nociceptive response (reaction time) 
of each mouse that was identified by the 
time for licking and flicking of a hind 
limb or jumping was recorded. The 
reaction time was measured every 15 
min in a 90 min-period at intervals of 
30, 45, 60 and 90 min. The cut-off time 
of observation was 45 sec. Only mice 
that showed a nociceptive responses 
within 15 sec was used in the ex­
periments. 
4.4 Tail-flick test ;,1 rats 

The experiment was caITied out 
by the medthod of D 'Amour and 
Smith. 18 The experiment was carried 
out in the same manner as the hot plate 
test. After 30 min of treatment with all 
test drngs (except only 15 min for 
morphine and 10 min for naloxone), the 
tail-flick response of the rat was 
measured by gently placing the rat tail 
at a central position of a light beam. The 
time taken by the animals to withdraw 
(flick) its tail from heat induced by the 
light beam was recorded as the reaction 
time. The cut-off time was 20 sec to 
prevent injury to the rat tail. 

5. Evaluation of acute toxicity 
The up-and-down method for 

acute toxicity testin? previously 
described by Bruce1 has been 
developed and statistically evaluated 
and the number of animals used 
reduced. In this procedure, animals are 
dosed one at time. If an animal died the 
dose for the next is decreased while if it 
survives, the dose for the next is 
increased. Each animal is then observed 
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for l or 2 days before dosing the next 
animal. In this study, the first dose was 
begun at 300 mg/kg and adjusted by a 
constant multiplicative factor of 1.5 up 
to 5 g/kg. The MEKG was orally 
administered to a group of mice and rat 
both male and female. Behavior 
parameters observed after admi­
nistration were convulsion, hyper­
activity, sedation, grooming, loss of 
righting reflex and increased or 
decreased respiration during a period of 
8 h and 7 days. Food and water were 
provided ad libitum. 

6. Statistical analysis 
The data obtained were analysed 

using SPSS software program version 
11.5 and expressed as a mean ± SE. 
Statistically significant differences 
between groups was calculated by the 
application of analysis of variance 
(ANOVA) followed by Bonferroni's 
test. The independent t- test was used 
for comparison between 2 groups. P 
values less than 0.05 (p<0.05) were 
used as the significance level. 

Results 
1. Antinociceptive activity 
1.1 Acetic acid-induced writhings in 
mice 

The methanolic extract of K. 
galanga (MEKG) administered orally at 
different doses (50, 100 and 200 mg/kg) 
caused a significant inhibition (42.75%, 
59.57% and 70.60%, respectively) 
compared to the control (p<0.01) of the 
writhing responses induced by acetic 
acid (0.6% v/v IP). The decrease in the 
number of writhings was dose­
dependent. Aspirin (100 mg/kg PO) 
produced a 51 .06 % reduction compared 
to the control. The results are provided 
in Table 1. 
1.2 Formalin test in mice 

MEKG at doses of 50, I 00 and 
200 mg/kg PO had a significant dose­
dependent antinociceptive activity 
(p<0.01) compared to the control in 
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both the early and late phase. The 
reference drugs, morphine (5 mg/kg SC) 
and aspirin (100 mg/kg PO) also caused 
significant (p<0.01) inhibition of both 
the early and late phases of the pain 
stimulus (Table 2). 
1.3 Hot plate test in mice 

MEKG considerably increased 
the animal's reaction time to the heat 
stimulus. The increase was significant 
in all cases beginning from 90 min but 
the dose of 200 mg/kg significantly 
increased the reaction time beginning 
from 45 min compared to the control. 
Morphine sulfate (5 mg/kg SC) 
markedly increased pain latency 
(p<O.O 1) in all cases from 30 min with 
its maximum effect at approximately I 
h after treatment. All results are shown 
in Table 3. Naloxone (2 mg/kg IP) 
given before the morphine (5 mg/kg 
SC) or MEKG (200 mg/kg PO) 
abolished the latency of the nociceptive 
responses (Table 3). 
1.4 Tail-flick test in rats 

The tail-flick latency i'esponse 
was s ignificantly increased at 45 min 
after administration of 200 mg/kg PO of 
MEKG compared to the control 
(p<0.01) and MEKG at doses of both 50 
and 200 mg/kg PO significantly 
increased the tail- flick latency response 
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(p<0.05) at 60 min. At 75 min all doses 
of MEKG (50, 100 and 200 mg/kg PO) 
significantly increased the tail-flick 
latency response (p<0.01, p<0.05 and 
p<O.O 1, respectively). Morphine sulfate 
(5 mg/kg SC) significantly increased 
(p<0.01) the tail-flick latency at 45 min 
after treatment. However, after 
naloxone pretreatment, the nociceptive 
effect of morphine or MEKG at a dose 
of 200 mg/kg PO on the tail-flick 
latency response was significantly 
decreased (p<O.O l) from 45 to 90 min 
after their addition (Table 4). 

2. Acute toxicity 
MEKG at the dose of 5 g/kg PO 

given to two groups (10 males and 10 
females) of mice had no affect on their 
behavioral responses during the 
observation periods of 8 h and 7 days 
after administration. No mortality was 
observed up to 7 days of monitoring. 
The LD50 value of the extract in mice 
was therefore estimated to more than 5 
g/kg PO As the highest dose used in the 
present study (200 mg/kg PO) was 25 
fold less than the dose used in this acute 
toxicity test, it was safe to assume that 
the normal doses of 50, 100 and 200 
mg/kg PO given to mice or rats in this 
study were safe. 

Table 1 Effect of MEKG and aspirin on the writhing response in mice induced by 
acetic acid injection. 

Treatment 

Cosolvent 

Aspirin 
MEKG 

Dose( mg/kg) 

10 ml/kg, PO 

100, PO 
50, PO 

100, PO 
200, PO 

Number of writhings 

51.7 ± 2.54 

25.3 ± 1.25a 
29.6 ± 0.95a 
20.9 ± l.53a 
15.2 ± l.13a 

Values are presented as the mean ± SE (n =10). 
a p < 0.01 , significant difference from conh·ol. 

Inhibition (%) 

51.06 
42.75 
59.57 
70.60 
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Table 2 Effect of MEKG on the reaction time of mice in the formalin test. 

Treatment Dose( mg/kg) Licking ofthc hind paw (sec) 

Early phase Inhibition(%) Late phase Inhibition(%) 
(0 - 5 min) (15 - 30 min) 

Cosolvent IO ml/kg, PO 77.17 ± 3.62 94.03 ± 3.22 
Morphine 5, SC 25.6 1 ± 1.36" 66.81 17.63 ± l.01" 8 l.25 
Aspirin 100,PO 41.72 ± 2.24° 45.94 76.94 ± 2.71° 18.18 
MEKG 50,PO 54.97 ± 2.58° 

100, PO 52.04 ± 2.42" 
200, PO 35.90 ± 2.97° 

Values are presented as the mean ± SE (11 = 10) 
a p < 0.01, significant difference from control. 

28.77 29.21 ± l.93" 68.94 
32.56 19.97 ± 2.06" 78.76 
53.48 20.22 ± 0.96" 78.50 

Table 3 Effect of MEKG, morphine and naloxone on the reaction time of mice .in 
the hot plate test. 

Treatment Dose (mg/kg) Reaction time (sec) 

30 min 45 min 60 min 75 min 90 min 

Cosolvent I 0 ml/kg, PO 8.56 ± 0.22 8.71±0.28 9.19 ± 0.21 9.42 ± 0. 23 8.74 ± 0.37 
Morphine 5, SC I 0.61 ± 0.39b 14.37 ± 0.68b 17.74 ± 0.59b 17.49 ± 0.48b 14.7 1 ± 0.73b 
Naloxone 2, IP 8.98 ± 0.18 8.97 ± 0.27 8.77 ± 0.21 8.8 1 ± 0.15 8.90 ± 0.19 

M EKG 50,PO 8.84 ± 0.25 9. 10±0.33 9.35 ± 0.27 10.74 ± 0.42 I 0.77 ± 0.37" 

100, PO 9.48 ± 0.42 9.77 ± 0.22 10.15 ± 0.14 10.36 ± 0.30 11.45 ± 0.30b 

200, PO 9.71 ± 0.34 10.57 ± 0.27" 12.43 ± 0.43b 13.38 ± 0.37b 12.87 ± 0.41b 
Naloxone + 2, IP; 5, SC . 9.57 ± 0.49 9.61 ± 0.40c 9.63 ± 0.36c 10.11 ± 0.40c 10.43 ± 0.5 lc 
Morphine 
Naloxone + 2, IP; 200, PO 10.28 ± 0.57 10.65 ± 0.45 11.27 ± 0.63 11 .22 ± 0.54d 10.13 ± 0.62d 
M EKG 

Values arc presented as the mean ± SE (11 = I 0) 
0p < 0.05, hp < 0.0 I, significant diference from control. 
Ji < 0.01 , significant difference compared with morphine 5 mg/kg. 
p < 0.01 , significant difference compared with MEKG 200 mg/kg. 

Discussion 
The results demonstrated that 

MEKG possesses significant 
antinociceptive activity as evaluated in 
the acetic acid-induced writhings, 
formalin test, hot plate test and tail-flick 
test. The acetic acid-induced writhing 
model is a chemical stimulus widely 
used for the evaluation of peripheral 
antinociceptive activity20

. In this model, 

pain is generated indirectly via endo­
genous mediators like bradykinin, 
serotonin, histamine, substance P and 
prostaglandins, all acting by stimulating 
peripheral nociceptive neurons. These 
fibers are sensitive to narcotics such as 
morphine and nonsteroid anti­
inflammat01y drugs (NSAIDs/1

• Intra­
peritoneal i1tjection of acetic acid can 
produce the peritoneal inflammation 
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(acute peritonitis) which causes the 
response characterized by contraction of 
the abdominal muscle accompanied by 
an extension of the forelimbs and 
elongation of the body. This writhing 
response is considered as a visceral 
inflanunatory pain model 15• This 
method has been associated with the 
increased levels of prostaglandins in the 
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peritoneal fluids22
. The results in this 

study revealed that MEKG significantly 
reduced the acetic acid-induced 
writhing responses, indicating that the 
mechanism of action of antinociceptive 
activity of the extract may be linked 
partly to the cyclo-oxygenase enzymes 
(COX) via the inhibition of 
prostaglandin synthes is. 

Table 4 Effect ofMEKG, morphine and naloxone on the reaction time of rats in the tail­
flick test. 

Treatment Dose (mg/kg) Reaction time (sec) 

30 min 45 min 60 min 75 min 90 min 

Cosolvent 5 ml/kg, PO l.33 ± 0.03 l.31 ± 0.03 1.27 ± 0.05 1.21 ± 0.10 1.20 ± 0.03 
Morphine 5, SC 1.38 ± 0.03 2.43 ± 0.05b 3.55 ± O.Olb 3.58 ± 0.07b 3.23 ± 0.05b 
Naloxone 2, IP 1.33 ± 0.03 1.27 ± 0.03 1.30 ± 0.02 1.32 ± 0.02 1.35 ± 0.02 

MEKG 50, PO 1.28 ± 0.03 1.32 ± 0.03 1.42 ± 0.01' 1.41±0.02b 1.34 ± 0.02 

100, PO 1.28± 0.02 1.33 ± 0.03 1.33 ± 0.02 1.37 ± 0.023 1.31±0.02 

200, PO 1.27 ± 0.02 1.39 ± 0.03b 1.46 ± 0.02" 1.41 ± 0.026 1.32 ± 0.02 
Naloxone + 2, IP.; 5, SC 1.36 ± 0.03 1.59 ± o.osc 1.50 ± 0.03c 1.41 ± o.02c 1.35 ± 0.04c 
Morphine 
Naloxone+ 2, IP; 200, PO 1.34 ± 0.03 1.28 ± 0.03d 1.29 ± 0.03c/ 1.29 ± 0.02d 1.26 ± 0.02d 
MEKG 

Values are presented as the mean± SE (11 = I 0) 
"p < 0.05, hp < 0.01 , significant increase from the control. 
cp < 0.01 , significant decrease compared with morphine alone 
''p < 0.01, significant decrease compared with 200 mg/kg MEKG alone 

MEKG also possesses anti­
noceptive activity in the formalin test. 
The advantage of using the formalin 
model of nociception is that it can 
discriminate between central and 
peripheral pain components24

• The test 
consists of 2 different phases. The first 
one (neurogenic phase) is generated in 
the periphery through the activation of 
nociceptive neurons by the direct action 
of formalin, and the second phase 
(inflammatory phase) occurs through 
the activation of the ventral horn 

neurons at the spinal cord level. 
Morphine, a typical narcotic analgesic 
drng, can inhibit nociception in both 
phases25

, whereas NSAIDs, acting 
supraspinally in the central nervous 
system, also reduce the pain in both 
phases26

. Inhibition of the late phase 
may be involved in inhibition of the 
release of serotonin, histamine, 
bradykinin and prostaglandins which at 
least can cause some degree of the 
sensitization of the central nociceptive 
neurons27

. In the present study, MEKG 
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inhibited the nociceptive effect in both 
phases. It is widely agreed that the 
nociceptive behaviors manifested 
during the acute first phase may be 
caused by direct stimulation of the 
sensory nerve fibers by formalin. The 
second phase is probably resulted from 
clu·onic inflammato1y nociception 
responses due to inflammat01y 
mediators like histamine, prosta-
glandins, serotonin and bradykinin.28 

Because MEKG is effective against the 
formalin test, the antinociceptive 
property is likely to be mediated 
peripherally. To evaluate for a possible 
central antinociceptive effect of the 
MEKG, the hot plate and tail flick tests 
are used for evaluation of the central 
pain29 at the supraspinal and spinal 
levels30

, respectively, possibly acting 
on a descending inhibito1y pain 
pathway3 1

• In this study, our results 
indicated that the extract of K. ga/anga 
has antinociceptive effect against both 
the hot-plate and tail-flick tests, 
therefore the antinociceptive effect is 
likely to be mediated centrally (spinally 
and supraspinally). Moreover, the 
antinociceptive action of morphine and 
MEKG in this study was abolished by 
naloxone, an opioid antagonist. 

The ~t receptor has generally 
been regarded as the receptor type 
associated with pain relief and has been 
shown to be potent in regulating thermal 
pain. Nonanalgesic effects mediated by 
the µ receptors include respiratory 
depression, inhibition of intestinal 
motility and most importantly for 
therapeutic considerations is its in­
duction of physical dependence. 
Activation of ~t2 opioid subtype leads 
to spina l analgesia and conunonl{' 
tluough constipation adverse effect3 

. 

Therefore, taking all these data together 
we believe that the antinociceptive 
activity of MEKG is most likely to be 
mediated peripherally and centrally and 
indicates a morphine-like mechanisms 
by binding with µ opioid receptors. The 
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LD5o value of the extract given orally 
was estimated to be more than 5 g/kg in 
mice 

Conclusion 
The methanolic extract of K. 

galanga (MEKG) exhibits anti­
nociceptive activity. The proposed 
mechanisms of antinociceptive activity 
based on the pain models used in this 
sh1dy show that they are likely to be 
mediated peripherally and centrally 
(spinally and supraspinally) on the 
nervous system. In addition, the 
antinociceptive effect of the extract was 
abolished by naloxone in the same 
manner as for morphine both in the hot 
plate and tail flick tests, indicating that 
the extract acts partly tlu·ough opioid­
mediated mechanisms. The µ opioid 
receptor would probably be a binding 
s ite of MEKG. These results on the 
antinociceptive activity of MEKG 
support the potential traditional use of 
this medicinal plant in folk medicine. 
Further investigations are anticipated to 
identify the active components and lead 
to their further clinical use. 
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DRUG EVALUATION 

Perindopril Arginine: Advantages over the Currently 
Available Perindopril-tert-butyiamine 

Supanimit Teekachunhatean 

Department of Pharmacology, Faculty of Medicine, Chiang Mai University, 
Chiang Mai 50200, Thailand 

Abstract 

The angiotensin-converting enzyme (ACE) inhibitor perindopril has been 
demonstrated to be an effective treatment in all stages of the cardiovascular continuum. 
The cmTently available perindopril is a salt of tert-butylamine which has a shelf life of 
approximately 2 years in countries with a temperate climate. Because of instability of 
perindopril-tert-butylamine in countries with high temperature and relative humidity, 
this salt requires special PVC/aluminum blister packs overwrapped with a watertight 
bag containing a desiccant. Substitution of perindopril-tert-butylamine with perindopril 
arginine causes the increase in drug stability and shelf life (from 2 to 3 years) of the new 
arginine salt, therefore facilitates the use of a simplified packaging in the form of a high 
density polyethylene (HOPE) canister all over the world irrespective of the climate 
zones. Because the molecular weight of perindopril arginine is approximately 25% 
greater than that of perindopril-tert-butylamine, thus the dosage of perindopril arginine 
need to be changed accordingly. To achieve equivalent plasma concentrations of 
perindoprilat, a dosage of perindopril-ter-butylamine 4-8 mg is substituted by 
perindopril arginine 5-10 mg. Perindopril arginine is bioequivalent and produces the 
similar antihypertensive efficacy to perindopril-tert-butylamine, but causes fewer 
treatment-related adverse events. Therefore, perindopril arginine should exert better 
benefits in the same way as demonstrated in clinical trials performed by using 
perindopril-tert-butylamine. Consequently, perindopril arginine has been accepted to be 
an effective treatment in the same indications as those of the tert-butylamine salt. 
Furthermore, in the study comparing an overall preference for the canister containing 
perindopril arginine versus that for the blister pack containing perindopril-tert­
butylamine, the canister receives a higher preference than the blister pack. In 
conclusion, the new perindopril arginine is more beneficial than perindopril-tert­
butylamine in terms of better drng stability, longer shelf life, fewer treatment-related 
adverse events, and higher patients' preference. 

Keywords : Perinclopril, perindopril arginine, perindopril-tert-butylamine 

Address correspondence and reprint requests to: Supanimil Teekachunhatean M.D., Ph.D., Department of 
Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand. 
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? 1 ~.:t ... 1 ~ ~ I Cl.I QI 

Perindopril l1J'U angiotensin-convcrting enzyme (ACE) inhibitor 'YllJu'.i:::il''Yllif·mm:l't1.:Jfl1nffll1 

Jt QI Qlci. " Q,I ~ i 
m1:::fl1'.ilJ'fMf1lJQ'lJ9lfl1'.illl'\JtM hmn1'1ml:::l'nrnmmrn'lin1n'IJ'U9ltllJ'Utl.:J cardiovascular continuum 1mi 

.dct 0 I i Jd d ,, i ''l ~ d A d Cl.I 1 
perindopril 11mmnrnm.:J11v11l fl.ft'.1988 1UlJ9ll.11J1l.JlJ ti~ 1JeU'\Jtl.:Jlfli'ltl tert-butylmninc 'lf.:Jl'l.ltllfl'lJ'.ifllll lJ 

U'.i :::l'Ylft'~iiiJiit11fl1ft'll'lJ1Jrlf.ll'l1lJ1:::'1:::ii shelf life U'.i:::lJlfll 2 ii ll~fl1'.il~'lJi'nm1u1l'.i:::l'Ylft'~iiQfl1111JiJUf1::: 
m1114mJ<l ~i1lJ'U~t1.:JH' wate11ight bag 11t1,Y11 PVC/aluminum blister packs im:::'lrim1nu4u tl1~.:J\l:::i'.i 

• d ' & ~ 
fl11'1Jfl.:Jlli1n~ f.JUH 'l '.ifl9l11J flTHU~tlll '11fl perinclopril-tert-butylamine m 1 ~ perindopril arginine CJf.:JllJlJtl1 

1i1i1lm~t1~iim11Jfl.:Jlli1~~n11 ri.:Jr·m'lir s1ie1r life 11i1rn1n 2 ilJ'U 31'.J m1:::'11111rmmrn1~'lJi'nmt111l111J 
"' " 

11"1 .. ~1 & 'U'.i'.i~flOJC)'lli'.i'rnVllll'lJ'lJ high density polyethylene (HOPE) canister ~ 1n'Jflil'flll'l1JlJtl1fl1ft'l11 i'lfl tl1N 
I JI I )I 
~ ..::I 0 QI 1 d ' d ~ QI QI 

ll.Jf.l.:J'11fl perinclopril arginine lJll1l11Jfl lJlflfJi'l'YllJ1flfl11 perindopril-tert-butylamine il.:Jlfltl'lJ 25% ~.:JmJ 

a v i ~ .:s <&::\ ~ , d \l " " " 1 "' 11'1f.l 111t11'Yl.:Jil'f.l.:J'lf'U~lJU'.ilJ1ftlllltltl1'\Jf.l.:J perindopril (9ltlUJ~) im::: ~f1111Jl'U1J'IJ1J'Utl.:J perindoprilat 1J1"tl~ 

~1v111Yit1lJn1J ~.:J~f.l.:Jiim:;ui''lJ'lllJ1~t111~t11~ perinclopril arginine 'IJ'Ul~ 5-10 mg 'Mlll'Ylll perindopril-tert-
.. .. ' 

OCV cvdd d .c:I I • • ,, .c:I, , 

butylamine 'IJ1J1~ 4-8 mg mmn~'lJ 'Yl.:JlJ lJfl1'.ift'flll1'YlllmN11 permdopnl argmme lJ b1oequ1valence mi::: 

cf Cl.I .di d • .:s Cl.I ' ,/\l '.c.9 cid QI QI "QI 
(]'Yllii'l~fl11lm1Jmf.l~m'Yl1l'YltllJfl'lJ perindopril-tert-butylamine llC11'1'UlH9Jfl11fll '1-Jl'l.:JU'.i:::ff.:Jfl'YlfflJl'llJlifl'lJ 

QI l j},, I QI z ,/Q,1 d \ '1 QI jJ d I d \ 
fl1'.i'.iflll1 l~'Utltlfl11~.:Jlrn1l:;:::1t1'll'UtllJ1'M lml1flfl1'.i'.ifllflVl1tl perindopril arginine '1.:Jll1'1:::11J14 l1111J 

' .. 
nft'm.:J1~t11nmm~\l1nm:;fln111m.:Jflililnl1H perindopriHert-butylamine ~1t11tt9Ju perindopril arginine 

&tl"G.I 01 1 d dav ,,1,d ~ cv ,1 ~ 
\l.:J m 'U fl1'.i tltllJ '.i'lJ1111J1rn1'YllJ'UtJ'lJ.:J 'li'YllHlJtl1J fl'lJ perindopril-ter/-butylaminc l.Jtl fl 'ill fl1J 'il 1 n fl1'.irlflll1 

fl111JTI.:Jl'HJ 111'\Jf.l.:J~H perindopril arginine ~'lJ'.i'.i~ 111 canister 11l~t1'lJl'tit1'lJO'lJ perindopril-tert-butylamine ~ 

1 ' "' " 1l""' 4 1 .d ' 1 . I 1J'.i'.i~ 1J blister pack l'l'lJ11 'lJ'.i'.i~flOJC)'lll'lJ'U canister ~'.i'lJfl11lJlN1'ftl 'il'Yl\!<lfl11 blister pack ~'ltli!'~lJ 

""'J/ \1 SJ ... ~ d ~ I 1 d CV dd t od 
perinclopril arginine 1J'Utl ~hJ'.itlU'Yll111Jtlfl11 perindopril-tert-butylamine ~tllJfl11llfl.:J9l1'\Jf.lW1'Yl~fl111J 

.d , ~ d'\1•4 ... 1 d'.dcv QI o'cv QI dv 1 tl""' & 1 
shelf life 'Yltl11'U11Jfl11 ll1'119Jfl1'.ifll m'Mu'.i:::ff.:Jfl'YlfflJ1'fU1ifl'lJfl1'.i'.ifllll'Yllrnt1m11m::: ~'.i'lJt111lJlN1'rn \l 

'il1nf.1Ht11~ir.:Jn11 
" " 

f11&1fl'ty : Perindopril, perindopril arginine, perindopril-tert-butylaminc 
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u't1u1 

Perindopril irJu angiotensin-conve11ing 

enzyme (ACE) inhibitor 'lfikt~ij dicarboxyl 

group irJm:i·HlU'J~frnU1'U lfl'J·H'l'f1..:i llJ1'HJ'1 
y ' y 

t11 'lfi1 l'l i1" u1 ~ ~'Yl ii N'1n~9i vi ..:i m 1 f mrnrn ~ 

m1tlv..:inu~u~mH1f 'llv..:i 1 rni11111u'1~'11'1Vl'l 
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4 0 1 !11"1 1 y ..::.\ I'::! 1 

-11..:J'Yll '11lJfl1'J 'lftll'lf'Ul'l'UVtll.:J 
y y ' ' 1 . I QI "' "' m·1nrn1t1 mrn1t1u'J~l'Ylfl' 'Yl..:J'U perindopril 'YI 

1~n'U1 u ti 1l ~ u 'U v Q 1 u l u 'lJ v ..:i l fl i1 v tert-

di d <i QI 1 .dd 
butylamine CJf..:JllJVlf1U'Jfl1:11 'U'lh~l'Ylfl''Ylll 

fJlJV1fllf1'U1JUl'Wl'l1lJ1~ (temperate climate) 

11~ii shelf life U'J~lllrn 2 iJ U~fl1'Jln1Jf n111 

1 u u 1 ~ i 'Yl rr l 'U l'l f v u ~ ii fl 11" ~ u -ff" l1 'Yl -fl 

(relative humidity, RH) ~..:i vi11"1:Jty11l~llJ 
y 

fldllJfl..:J~1'UV..:Jtl1 (drug stability) ~1tll1HJU 
0 1 9) ~ QI 9) C:t. QJ ~ QI d'<) 

'Yll '11UHl'Ylr;JN'19ll'H.Jltl1m'l~ll'Ulf·ml'l.flfUC\'I tVltl 

nJ~t1'U1llfl perindopril tert-butylamine m1ilu 

di "' perindopril arginine CJf..:JlJ shelf life U'1~fl1llJ 
' y ' 

QI qq& ~ 1 
fl..:Jl'l1'UV.:Jtll'Yll'l'U'U mvfl1rn~~vi1n unu 

' rrnllnm'Jt:itlfl~flH'lHl.:J perindopril 

1 "' "" 'Ul11..:J~fi1'Yltll'UV..:J renin-angiotensin 
y ' ' 

QI 7 8 o !II "' • I"' • I 
system 'U'U · renin 'Yl1l1'Ul'Yllu'1tl'Ullu'1..:J 

angiotensinogen 1-H'1fl'U angiotensin I l1tl..:J1llfl 
y 

U'U angiotensin converting enzyme (ACE) 11~ 
' Q di 

lU~tlU angiotensin I 1lYruu angiotensin II CJf..:J 

iilu mediator ~vi11nv 1-H'1fivir·imiYt1~vi1..:imt1 
' 'l !II • I ' "" vi11mt1u'J~fll'J l'lf'U vasoconstriction, !l'll.J 

' 
aldosterone secretion, n1lJ oxidative stress, 

' 
I 1 jl "" "" flfl nlfll'l endothelial dysfunction, ll'llJ cardio-
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vascular remodeling, n1lJ'J~~1J plasminogen 

activator inhibitor- I (PAl-1), ri ..:im~mn1101'1 

thrombosis U'1~1'.i..:im11fil'l atherosclerosis irJu 

7-10 ?1 1 I 

Perindopril luUtll 'Um:)lJ ACE 
• y 

inhibitors niiN'1U1JU..:imnh..:i1U'UV..:J ACE fl1 
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1 !11 QI QI 

'11 arterioles m'I~ venules 'Utlltl9l1 '.i1lJ'Yl-rnl'l . 
fllHYtl..:J aldosterone 1llfl adrenal co11ex 

y y 
.c:t QJ.t:i QJQI QI 

'Uflfl1l1fl'U perindopril t1..:imrnt11Jt1..:Jfl1'J~mt1m 

'UV..:J bradykinin fl1l-H'1~~u bradykinin 1u 
• y 

11.:immTiiJ~u tl1 ~lurim1u'11'1U~Vt1 nitric 
" 

oxide 11'1~ prostacyclin ~..:itrJ'U mediators ~fll 

1!11 "i QI di . IQI 
l1l1i'IVl'lmVl'l'Utlltll'l1 V'U..:J fll'Ju'J1J~lJl'J'1'UV..:J 

angiotensin-bradykinin 1llflfll'J 1~ perindopril 

U..:JlJNilun"l'llr·n11iYt1V'u11iv..:im111n angiotensin 

.., . 
liltl'IHHlllffltl'Vl'.i'llfl~ perindopril 

. . 8-10 ?1 .d 
Permdopnl lulJ prodrug 'Yl\Jfl~VI 

4 \ljl t d .c:t 1 I QI 

CJflJ l'1Vt11..:i11mn1m~mn bioavailability l'Yllfl1J 

75-95% vrh..:ihnl'lllJ '11tl..:J\]fl~l'lCJflJ1l1fl 
~ I j/ IQ/ I 

'Yll-:tl~Utlll11'JU'1~N1lJl'U1~911J l'l1J11 perindop1il 

U'J~lllm 20-50% 1l~Qfl hepatic esterase 1u 
QI .1.d .I ?1 di ?I 
l'l1Jlu'1tl'UU1J'1..:Jlu'U perindoprilat CJf..:Jlu'U 

' " 
active metabolite Yiiiq'Yln'Yll..:J!flff'lfl'Yltll (fi1 

fl~ ..:i'l111'lm~tl'UtHfl1'JlU~tl'UUU'1..:Jl'l'i1n1J 1-2 
' y y 

~1 lm) '1-:iil mmrnl'l'J11l1'1U perindoprilat 

ll~mii1u 30 mnY1ti..:ifuu1~Y11ut11 irn~u..:i 

\1 lei I I 

V1'11l'J lJmrnm~'Yl1Jl'lflfl1 oral bioavailability 
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"" 'U{M perindopril um1mrnV1 ornl bioavailability 

" 
'\nl'I perindoprilat 'l1'11h::1nrn 35% Yi'·n!'U 

1inn:mqll~~'lmJ::il11lYfrnh ::mwn1mh'I 
" OU'U{)111l'j' 'Yi'I perindopril Ufl~ pcrincloprilat 

i Q.I w l d 
nll'VM metabolites 'IHMl.J'U~O'\HJmn.:i lvui'.J'U 

., 1 ., """' irno Vl£.IO'l'.i'lHJVl'IJU.:J perin<loprilat 'l.H'lnllm:: 

d~l'l-J biphasic elimination phannacokinetics 
, ~ • d. ' d a~ ... I 

Ofl11rHl'll'1'1U'JOlJfllm 'l'lf1\llu':i ::lJ1UJ 3- l O 

~1 lm m1::'1f1.:iHii'liiri1tl~ '1911mh::mrn J0-

120 "~1 llJ'I (1~tM1110ii dissociation \110 ACE 

.,; '1 ~ a 'l" I ,, ,, 1" 1 jl.,;Q 'VIUg lH'Utlltm vWHl'W'IJWlfl) nl':i 'lH.Jl 'l-Jfj'Vl11 

nl':i Vil'lllJ'lJU'I 'l \ll'U OVI~ tMfl1':i iJ f lHlVl'll'l-J lVHJl 

" ' 
tH 1rnn111nli mrnJ~auu1ifl'1 (metabolic 

clearance) 'lltH perindopril O.:J'1Vlfl'I 
1

l~h1 

~1ht1~~'UVi1.:i11mm·d ~MUV1'1~'U!1 ':i.., 

Perindopril lj onset of action 
, ,,vad Q.I ••• C\ 

tltllJ'\Jl.:J'lflll.JUL'Vltl'UO'U ACE mhtbttors 'lflJVI 

,,; ' ... ,, 1" .1 .:.1"" V'U Ofl11rrn \lltH 'IH1Cllu':i~lllrn 8 'lf1 ll'l'il'I 

cl ctQ.I i ,..J Q.I 

11::m1H]'Vl1W1Jtl.:J ACE 'Vl~'ltlVlHfl'IOl'i 

i''l.J'l.J':i::'Vll'W pcrindopril-tert-butylamine 1u 

" 'll'WWl 8 mg fli'.:i1~t11 (single oral dose) 
t l d Q.I Q.I i l Yd 

v tll'I b 0\1111.J tl'I 'ffllll':i Ol'l'U Wl'i tl'U tl.:J l~ (l .:J 

70% m nm 24 i11mMii.:ii'mh::lnwn9 

I 1 " -=I o il''lf·lfl 'H pcriudopril l.Jm trough to peak ratio 

~\fir{~ ('l.J':i~lJlru 75-100%) 1rluru~ arnnu'U 

" 01 , • • q II Q.I cv 
O'l.J ACE mhtbttors YJO'lllJVl \>l'l'Wl.J tll '.i 

" ' "' J Q.I QJ ~ 1 jln. I A .iQ dc1 an ':i :: 'VlllHJ11'U fl ::m ~ \1'1 H u'i ~'ff'Vl1i mrn~ 

~vmrn1t1rimn111~m~u~vtfltJ~ 24 i1 hi.:i • 

'U'tl'Ul'tl'lltH pcrindopril h.i cardiovascula1· 

continuum 

39 

Cardiovascular disease continuum 
12 

m.nao'I m':i~11ii'W'llti'l t ':im::'LI'Ui111mrn:: 

mm ~1~ tJ~~1 ~" '11 o on iHhi i m~t1.:i (l'!f u 

l'U1H11'W, fl11lJ~'W1~tl~"J'I) m1::l~\lll'U1
1

l'l.J 

t~'U coronary artety disease, myocardial 

infarction (MI) stroke, cardiac 

remodeling, congestive heart failure (CHF), 

m 1::1ita:}f1vi miJ'11~'LI 

111'U11'Uo-.1U 11~-U' hi ii Ol':iffo1:11m.:iriil ii n 

~m!'U'ffij'W11 perindopril 11'.1'Ut11~iJ'l.J':i::if'Vlnm1 
" ~tl'JO<U'hlvtU'W'lJV'I cardiovascular continuum 

an9l1vu1..,1'1fu 

The Action in .!2iabetes and Yascular 

disease: preterAx and diamicroN MR 

.Controlled .Evaluation (ADVANCE) - BP 

lowering intervention' 11'.Jum':iffOlll'l.J':i::if'Vlllf·m 

'lHl'I fixed combination 'llV'I perindopril/ 
I JI Cl.I QJ,C\ rl 

indapamide (Per/Ind) VIVOl':ilJV'ln'W~'UVlnl':it:u 

'IJV'I macrovascular 1m:: microvascular events 

" " "' ... 
'Vl'l'W 

'l " I "> ADVANCE trial Vl11'ff~'1110l':i1iYrn Per/Ind 

11ri~tJ1mmM11'W'lfU~~ 2 iir·l'1Mlfl11l.J1~tM 
" . ~tlt11'Hnvi major vascular events (9%) ':i11.Jn'I 

all-cause death (14%) 1rn:: cardiovascular 
' ' ~Q.I 0 QJ ~ ~ QJ 

death ( 18%) tltll'llJ'Wl'.J'fflflqjll.Jtll'YltJ1J01Jnl':i 

1~t111rmm 

The Anglo-Scandinavian .Cardiac 

Outcomes Irial - 1~.lood fressure .Lowering 

Ann (ASCOT-BPLA)
2 11'.Jum':iffOfl11'U~lJ1t1 
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' I Q.I d d I 

perindopril '.i1lJffW 1JmH1~fl11lJ1'ffU.:J9lfl 

endpoints ~1.:J"] mh.:iih1uihfi'ty (1'lf'W fatal 

1rn:: non-fatal stroke, total cardiovascular 

events ur;i:: procedures, all-cause mortality, 

.,j "" ., 1 v 
1rn:: new-onset diabetes) nrnt'YIU1Jffllf11'.i 'If 

atenolol/bendroflumethiazide ~1lJfl'\J 

The EURopean trial Qn reduction of 

cardiac events with E.erindopril in stable 

• J ~I 
coronary Arte1y disease (EUROPA) hJ'\J 

' 
f11'.iftOll1ViU'ffl>l.:Ji1 f11 '.i1'ff11J perindopril 

~ 11Jfl1Jf11'.i fo'l:lllJlYl'.i3}'l'W 1u~1J1u chronic 

• Q d 
stable coronaiy arte1y disease 1JMl:lfl111Jl'ff£J.:J 

~flf11'.i1fl\>lr·rn'.i11J'Ufl.:J cardiovascular death, 

nonfatal MI, 1rn:: resuscitated cardiac arrest 

'l~m.i1.:iiiil'mhfi'qiu.:i 20% 1rlv1Vi£J1Jn1Jm'.i 1~ 

The E.erindopril pROtection aQainst 

4 ~I 
REcurrent Stroke .S.tudy (PROGRESS) 11J'W 

f11'.iftO'l:ll~U'ffl>l.:Jil f11'.i 1-M' perindopril-based 

regimen 11'.ltJ'.i::rJ::nmm'W 4 1J 11J~U1£J~1ft£J 

ih.hd'~ stroke 1J10fl'\J iir-ml:IYifl11lUih.i.:i~fl 
.c:t l!],,1da.1 0G.1~ 

f11'.i1f1Yl recurrent stroke t~fl£Jl.:JlJ'\JU'fflflll.ltN 
v 

28% U'fl::U.:J'ff11Jl'.ifl'fl\>lfl111J1~tN~flf11'.i1fl\>l 
& \131 I 

major vascular events (ttf.:J ~UO f-1'1'.i11J'Ufl.:J 

stroke, heart attack, 111:1:: cardiovascular death) 

~1 pd .,j "" ., 131 
l>lf.N 26% 1lJfl!'YWlJ01Jf11'.i 'lWl'H'flflO 

The ferindopril and Remodeling in 

Elderly with Acute Myocardial Infarction 

(PREAMI) stud/ 11'.ll..lm'.iftOlll~U'ffmi1 01'.i 

1i' perindopril 11'.lu'.i::t1::n"1'\Jl'\J 1 1J 1'W 

Thai J Pharmacol; Vol 30: No 2, 2008 

left ventricular function tlo9l) iir-rn'fl\>lfl1llJ 

' d I 

1'fftl.:JYlflf-l'fl'.i1lJ'Ufl.:J death, hospitalization '\110 

heart failure, 1rn:: cardiac remodeling '11'1'fl~l.:J 

iiil't1tl1fiqio.:i 22% 1rlv1i1t11J nlJ on 1 ~t11nirn o 

The £.erindopril in Elderly E.eople 

with ~hronic Heart Eailure (PEP-CHF) s tud/ 

~I ~ 1 31.'I d"' 
11J'\Jf11'.itl0lll '\J~u1tl heart failure 'YllHll~ 

'.;' I & 31 I .J' 
>:_70 lJ '11.:Jf11'.iYl'.i1'\l\>11tl cchocardiogram lJ.:i'lf 

11ii dia s tolic dy s function u~tl'.ilff'\110 

substantial L V systolic dysfunction H~fl 

valve disease r·l'flf11'.iftmn1l..l'lh.:i1Jurnuir1>1.:i 

I d Gl.t::'li o' 'j} 

11 perindopril llf-1'1'1~f.llJYlf11HUf11'.i1'Ul 

l '.i .:il'WllJ l'f!U lJlJ hJ 'l~ 1i.:imrw d1.:i'HU lfl'\J 

1dfl.:J1Jl'\llO heart failure (unplanned heart 

failure related hos pitalization) 'l~fl~l.:iii 

il't1tl1fi'ruo-:i 3 7% 1rlmi1t11Jn1Jm'.i 1~m111:1v o 
v 

f.lu1t1ri1u 1 mu'ff11Jl'.ifl£JfllJi' rnm::'Yl'\J 
" v 

I ~1Yt::t !J' cl d QI di 

Vlfl perindopril rl\>l 'Yl.:J'\J 11l'W'Yl'Yl'.illJO'\Jml 

'l 1 d - 1 o'd llp I 131 fllf11'.i lJl'Mu'.i:: 'ff'lfl'Yll'llJ l>l1Jfl£J'\ll0f11'.i 'lWl 

I 'l 31 I ll 31 & 
O~ll ACE inhibitors ~mo mm'.i mm-:i '11.:J 

11>1 mnm~'W t:Jlf11'.i~ 'h.hm1 'j .:i1rn ::111£J 'l~rn.:i • 

C\ Q I d QJC\ o' 
fl'fl'Wf1'.i:: t1::£J11lrn11 perindopril l1f.l'U~f11 '.itll 

'Ufl.:Jfl1f11'.i 
1

lt1, fl111J~'W1~fl1>1~1. 1rn::mrnfl'W 

~ 1v fl mn o 01'.i ft om~ fl flu ~1.:i ~ 19
' 13 

' 
if~m1nrnn1Jfl11)Jfl-3Pl1'U e>-3 pcrindopril-

tert-butylamine 
., d 

ft111Jfi.:!Yl1'U fl .:Jtll l11Jl£Jfl.:!ft11lJfl'l'Yl'W 

I d 

'U fl 'I £J 1 YI fl 0 '.i :: lJ 1 '\J 01 '.i 'YI 1 ~ 1 fl lJ 0 1 U .fl 1 l'~ 
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Q d Q,I f 

N'1\lHnl~ fll'Hf11J1fflfl 'ff1'U shelf life 'lHl.:Wl 

& 1 d ., .J ,,:' 
nm t10.:i 1 ~ u ~ nm u fl n m111 flln t11 clf .:i qn 1i 

n1.:i 1fl~'lf1nu1ii1l~iw1'1.:i~1fl111flmen~n1Mu~ 

i ~ 11· I <!t I • I"" 
~tll11 1J mnl IJ1lJlfll'IJV'I active substance 

hw1hifl111u~t1uuu'1.:i1h.Jmflfl11 5% 11'1~ 

" ~ QI I I ~ 

'!:I' fll l'UJ lJ tl 1 f11 ff ti fl \911 tl ti H I 'If 'W fl 1 UJ 'If 'W 

oxygen ll'ff'l'ff11.:i 11'1~~lli'l1.fJii il'1u1tluih1~u 

~tY'l~l1~l'm~flfl1llJfl'l~1'\JV'ltll 1l~ 

flu u1~ 1iJuf111llfl.:i9i1'1Jti.:i u11 ilu ~ .:i 

~n1nuri H1wU'm:J.:ifi11'llv.:i11tl1t1.:i1iJ 'llv.:ii'~~ 
. " " d 'J/ QI O I Q.I ,,::t 

lfltl1 '\Jfl'I flll flll fl1Ufll.I fll 1 \llH'W ltllll l'l'l'W 

The International Conference on 

Harmonization of Technical Requirements 

for Registration of Pharmaceuticals for 

11 y., 0 

Human Use (ICH) ri\lril'll ICH guidelines 

ffllf i' 1J fll 1\ll11'\l'ffV1Jfl11lJfl 'I ~ 1 '\J V 'I £.11
15

'
16 

i 11:110 "" d1:v 
~ ll ~ fl 1 '11 'W ~'ff fl 1 l'I ~ lli '11.fJ lJ II '1 ~ RH l1 'lf . 

o QI ... I .e. .i::s d 1 llY 
'ff1'1111Jfll1 11 1~11J'Ul'llnlf111 climatic zones 1 

.J 11 :11 . I "' y 
4 ff fll l 'I Clf 'I ~ ff~ lJ 1 1 ti '1 ~ W ti~ l'l 1 fl lJ 

Q.I , ... I dd ~ d '1 'l Y 
mwnv t11.:i111~!l1fl'l'lllff fl1l'ltJll6lfllfl'l'll'\Jl ~ 

<V I 1611:1/1 d d 
fllJll\91'1~ zone 1 'W\lll11'1l'l l fl'W'I climatic 

~I d 1 yo ., & 
zone IV 111'\.J'ffflllrn 'lf'ff1'1111Jfll1fl'fllllfl1llJ 
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excipients ~'ltY'IN'19iflU~lJllli11lJ'llfl'I active 

«t o 1:11 ., . I 
substance lflfll'll lffJUl'1fl'l:Jlli~1Jl'l lJ 1~ fll1 

ci'liu vm1flnu'Cl~urlflt1 active substance . . 
1rn~mrn~mt1~1) 1tl~uu11u'1.:i 1lu21

v.:i1ltlfl11 

" . " 
tl'u degradation d"" & 1 y products l'llfl~'IJ'WflllJ \91 

QI I ?1 \l t c9 
'i:l'flll'l~'lfl"1 1 fll'llllJ'W'i:l'11119J'Ufl'lfllfll1 lll'l'I 

tl 1~'ff.:ifi' t1fl9i'1fld1.:i1'liu fln1tl~mmil'1.:i'IJV'I 

tetracycline mu1~'ffflll'l~ii~lln1.fJlJll'Cl~ RH 

~ .:i 1lii 1rlv.:i~11-Hu11ii~m11u~t1uu il"1.:inH 
" . 

I flii U 'Cl~ fl1 tlfll l 'H 'Yi 1tl' 'W ('ff'IJ fl 'I u11iJ ~ tl'U '11 fl 

~ 1 c:J : fJ} I 

1'11 '1fl'Iflfl'Wlll'W'W1\911 "1 l'UlJ) U\91 degradation 

product(s) a.:i~1ii¥1n~fl11mtJuil'l:J~v
111'18 fl 

' ,, "' ,, 1

l~n1f11rn-ff1fityll~ll~'Wl~'W flVHlll fl n.:iil 

?t <!t d i """' .. IUW·rn 'ffUl'W V'llJl'\llfl 'Cl fllfl1 1'll 'W'IJV'll'lm~ 

t11 lrn 1Tu'll ~uuih1~l'lfirn en'n 1.:i1fl ~'lfm 1ll~ 
ll y., "" 1 . I I I 

~ 1 11 fllHHl\91 'W lJ 1~ 1l'l fl'l'lH'l 11"1 ~ Qfl'ff 'I 

. " 
fl 1 ~ 'i) 1 ti 

1
l 11n1 i 'Cl fl il fl n .:iii fl 1 11 ~ u i fl ll 1 

. " 
fl l lJ 1 ~'ff fl HI 'Yi U l'l fl \91

1

1'1 nu ~'I tl' 'W World 
.J d d 

Health Organization (WHO) Clf'l!"1'11'11'W 

f111ll"11fity~.:iflrl11 ~.:iu u~i.111-Hifonfffllll 

fl11llfl'l~1'\Jfl'ltllfllt11~'i:l'flll'I climate zone 

IV "11 '11 i u u1~iifln1'lf'vrh .:i1rn i irn 1ui1 

fl'l 9i'1'1JV'lt111'W'fffl11~d .:i (accelerated aging fofl
24 

sh1dies) 

,,) "" 
l'Wfl'l\Jlfl active substance 61'\llfl~f111 

I u ~ tJ'WU iJ 'Cl .:i 1rlfl I tiu i' flll 1fl1tJ1~ 'ff fl 11·1~ii 

flllmfli1U'1~ RH 'i:l''I (climatic zones Ill 11'1 ~ . " " 
17- 20 .J . 1.d . I ., I ~I 

IV) Clf 'I flU I IJ '1 lJ'Ull lJ "'I ~'I fl"1 1 V1 '11 IJ'W 

' .... 1 440 d ~ I Cl 

11~mt11l'llflri1~'111 1'1 active substance flU 

. " dd 0 I QI l~ J 

Perindopril l'llJ \ll'H'UltJ\ll'IU\?llJ fl.ff. 

I 1 . I <!t 25 
1988 V ~ 'U i 1J 'IJ V 'I I fl 'Cl V /ert-butylamine 

' " ill fl 'I '11fl1 u-O'u VI V'U fl1 1 ~l ~VI ( c1ystallization 

phase) 'ffllJ11 Olltlfl~ .:iiJ " V lJ iJ 'UV V fl 
1l ~~ 1 U 

flUl.:i tl 1 til'llll 'lllflfl11fffllll~l'Wfl11llfl'l9i11 u 

climatic zones III 11"~ lV l'l1l1 1 perindopril-
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. •?1" Q<v 1 tert-butylanune 'il 1I1J l~ 91 Cl .:J tf)'lJ 'J fflfl '\J'U 'J'.i ~ 

QI ~ c:. ~ ~ , , QI -=- q jJ I"\ 

fl ru ct'! 'lf 1Hn'H ff 11 nm lJCJ ·HllHJ 1 '!Hrn n ~ m 1 
' v v 

t ti~ rnrn tin .:i m v1~ "1' fl ni ~" n ci 11 li .:i 11 1 u 

ti 
d.i:::t ~ .d I!:( I °' 

1 :: 1 'YI ff 'YI " "1' fl 11·i tJ " tl 1 n 1 ff 'YI 1 'YI r1 11 t i11 n 'U 

<=I o I 

climatic zones I un:: II lJnTnnmna 

perindopril-tert-butylamine 

PVC/aluminum blister packs ri1H11nh::rnfl' 
' 

nlJ"1'fll'l'Ufit1rn'Yl1n'U climatic zones Ill Un:: 

0 ?1 " 'l" . ' " IV 'il111Jl4\'ltl'I &'lf watertight bag mnpJ 

fYC!::\mlriHi11 i1ii s 1~r Hi\r.>li~ 1 rn~1dm'Jnu 
4·11 ~ r1wd\n111\1\ lff111f\'lf\li~W ' 

Ji l f 1 ' ~ t l 1 I I ~ ' I I , ' 
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.=i ., 

fll'Jffn ll1f'111lJJil.:J V11 '11 tl.:Jt'.J l V1 1lJ JCH 

guidelines U"1'~.:i11 nu1tl~v1rntlri.:i'\Jtl'I 

perindopril 1 ll 'J:; l1'J H fll 'J ! ~ 'lJ ~ nl:J 11 rJ '\HJn 

,,j 'l ti 17 .!I 1i.rn.:im'il1nnri n 2 'J!:nl'J m:i 

1. "1'fl1'1'1 ~lJ RH ~.:i llll'lttn~ 
' q jl 4 

hydrolysis '\Jtl\I ester "1'.:irrn &Htn~ diacid 

. ~ ?1 .d ~ "' metabolite 'lf'lt·u1H1'1"i 11fJO~r:l'111J 'il1n'Yll.:Jtml 

011n'J 'l~1rew 

2. "1'm1·1~ii~fll'HfJlJ1iciu.u'1.:i~.:i n1'ltt' 

1r1H"1'~1.:im.:i1 rnt1Qn'Utl.:Jt11tti~mmtl~.:i 'ltl 

tlQlllithm1nu (cyclization) rl.:im1'ltt'1n~ 

f I\ \l \\tl t cW1'1W: ~I\\\?~ l\"::~1uciv1'1Jtl.:J'lh::mff~~ cl imatic zones uuu9l1.:i1:1 

·~!!Jl \\i '1~ lfffr\g~J11 ' 
_ _ _ 1l \l\fuiltJ _, ___ ~)~~-iJ _ _ R_~_J _ ___ ~1_1_ci_ci1_.:i'll_tl_.:i_tl_'J ::_1_11ff _ _ _ 

?\\1\W I 7 ,,. 

~~ r \I 

~~i\W H\ 
~?1\\ 1 \Y 

·i·
1 

H\\\\\11\~l ~ 1iH:Yl: 
w1'" \WHW!.~\1 RP,1~-i'n; 

45% Canada, Poland , Russia, UG'I::: UK 

60% Australia, China, France, Spain, u~:: 

USA 

35% Dotswana trn:: Jordan 

75% Brazil , India, Singapore, Taiwan, 

I\\ ~\~~ ~ m~\\111Vi \\~~w~W\\\m·V\\\W,'' \ i,\W~ l,' fied perinctopril, pcrindopril-tert-butylamine H'tl:: 

\ ?.\\\ ~\~\1.\\\ ~W\\\i\\Q \\~\'l\W, 1
\ \·\\l.'~1rnll~11~\:i1J~ rn ~mHfJJJ 100°c irlunm 21'u 

_ _ _i~~\\~1 - ~I~ j' :.lr~)t\ -~"~,\ J ·--

\1.111 io1t11~mBeutjm~'-:irn'J1~'Ui'mn (%) · 
- ~~---~'1·i__:1----------------

Perindopril­

/er/-butylamine 

100% 

< 1% 

Peri n<lopri I 

arginine 

100% 

100% 
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31 d 'l 11 lactam-typc compounds tH'l ~ 'YllfJ 'Yl"Jl'l 1>1 

' 4::.t d t 

degradation product lUWfnl Y3 I 

mi.:i m1tu~u1mi.Jl1w~.:i 1m-irtr1.:i 

1
hJ£luhJ'.i1h.:imnu "1'1m'.it1~t>.:in1A

1

l~1~w 
" " " " f11'Hli19ll'J1l'U'JU'Utl'ltfl~O (salification) 11.:ifl 

" 
irl fl ll 1n1'J'YI~fffl'LI1~ti111 nonsalificd 

d •q . I <'I 
perindopril mt~ perindopril '\'10~ miutmw 

d ... 'l 31" ~ /ert-butylamine mtn'U'Jffl:.ll 1 tllfl1'lflJ~1J~ ru 

f:lUI 'IHJll l 00°C tlJW1l11 2 1H '\'l':Llil 

" • • Q) t:.'j 

nonsalified penndopnl '\'1\Il11Hl1J fl 1'J 

t U ~ !'.J 1JU U l1\I1l U t tJ 'U Y3 l 0U1\1 ~ 'lJ \J 'Hll 

1 d 'l ' "' 'U 'lHl! ~'YI pcrindopri 1-tert-butylamine m 011 

fll 'HU~ Ulm 'lift \I lll"] fl £i N h n~ U J H 10 

'tll fn'.i rfO'hll l lUl l'lf'W~t:U~ l'l'lJ 11 perindopril­

/ert-butylamine nmmrntu~uuuu"1\I 1lut~1~ 
. " " 

y31 'l~1'liun1.1 (m'J1\ln 2) l1;iu onrn[/l~11 
~ d o 'l j/ ~ A 

tHl!'H.tUJ'Yl'ff \l'Yll tlttflllfl /ert-butylaminc 1011 . " " 
"'1 -'! I • Ji 31 d 

f11 'J1 ~!1HJ \l.:immrn91 perinclopnl <1Ml'IHHJ'l'l 

\J~ti.J~ri1rn1lfl.:i 1hJtih1 Y31 'l~ r-rnnTiftmn 

~\lfHll1UtHl\111 perindopril ~fltj1ui1J'llfl-l . 
~ d. I ~ 

lf1"1'f:l /ert-butylamine fll'illft'U\l\l'l'f:lfll'J~qjt"'1'fJ 

m1lJm~1 n1onm'J1tlmn1~fillF1i'" 
y d t gJ'J) d 1 

'iJ10'UtllJm'lfl"111lJ1'U1-:J~'U 'il ~ tlf'U11 

ii qJ '\fl!~ Cl \I 'fl 11ll fl'I~1'\J fl -3 pcrindopril-/el't­

butylamine ti 111 -ff 'I Wn l iY fJ ~ tl bioavailability 

" 'U ti \l 'l'1 \I periudopril u l1 :;; perindoprilat 
y • 

ii Cl fl \J 1 n i'l u -:i u 1 '1 lJ N "' n 'J :;; 1111 fl '1'1 111V ,, 
i.J5 ~iYl1 ~Ni'l'Yl1-Jft~i1nl111"-:im11'lu~1a ~.:ii!u 

~\I 'l~iift11lll~ U1U1lJ l ll fll'.i 1farn 11 fl~ f)'lJ ~M 
'I A I 1 ' .di "' ., .dd perin<lopril it.liuu'UU HlJ 'lf\llJm1lJfl'l9l1lWl 

,% .di ll v I 'I "' 'l ... 31 ., 11· I 
'UU cu\l\l~ l'lm111 i~u'1 :;; mu11 lll11'Ut>t1~ u 
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fl1l~lfl.:JVt1'UO.:J perhuJoprH arginine 

31 'JI ,.\ "' 1 . I \J 10t11'Hlllfl1 lll'ltl mll1fl £.11 ll r u 'U £M 

(nonvolatile alternatives) mn11\111nu 

perindopril wu11 £n'luiu'llfl'ltn~o arginine . 
~ ~ dci ' t'j • 

lJ \ii 11lJfl.:i~1'Yl~011 t fl ll 'f:l /ert-butylammc 
• y 

I ~ Cl Gl d ~ QI 

flrl11flt> l Jfl11lJfl\l \?l1t1\I I 00% tlltl'Yl~lfffl'U'Yl'I 

hrn ·1'tf'W:;;11 YI u ~ ~ .n 1'IJ1.! ::a iJ 11 m o unu1 iJ 
' " 

c:!i ... 17 d 
l 00°C tUlH1'11 2 1'1-J (m'il\lll 2) 

,, . 
t.ltlfl\J lfltt mrnlluli perimlopriHert-

butylamine ~1U perindopril arginine V',u1J1J 

1fi 01'.i !tfliJ qjHl'U 'i '.'i ~ nmc1~~ Q--1 Ul flit" :;; 

"' V o ., 1 Vq • I ,.J "' C1f'U'll'tllrn'1H'.i'UOU 'If lll u 'i:;; l'Ylffi11J'tl'fl11'f 

~ .d c.1 ll31 "' . 
m.rnlfllfi'Yl!'tlfJ'U mm climatic zones Ill trn ~ 
" i J ~ ~ d 
lV l1\l 1J \J 1 fl fll 'i ff fl lJ lft 11 l l tl \I C'I 1'\J Cl .:J l'JlUJ\l 

perindopril nrgininc ~lJ'i'.i~lU high density 
. " dr.:.• ~· ~ 

polyethylene (HDPE) canister lll1"1'J fl'U'lflJ 

t 1l '1 (J 'LI t fl (J 'LI n'U ti 1!11 ~ perindopril -ter/ ­

butylamine ~Un~ llJ aluminum/PVC blister 

packs nw11lY climatic zone lV (40°C/75% 
?I el I 

RH) rLI1n :;; u:;; nmlt11J 6 mm~ wu 11 

pcrin<lopril arginine li 111 '.ittl~auutlt1.:i 1hhtl1J 
"' ' degradation products ll'W\I 0.82% UC'! 

pcrindopril-tel't-butylaminc lJfl l 'J t 1 J~uuull "-i 
fj,:i 8.74% Nftm~flnm~1'\lfl~11tri11mi;1ui1 

perindopril arginine ~'U'J'J~lw IIDPE canister . 
~ ~ ~~ I • • 

lJ fl 1 1 ii fl .:i Cl 1 'VI 11 fl 1 1 penndopnl-ter1-

b11tylamine ~ u '.i 'i ~ 1 u blister packs
17 

y • 

H fl fl u 1 fl i1 fl 1 'H 1l ~ l'J lHJ11 ~ perindopril 

arginine u.:iihmni11 s1ie1r life 'l~i:l" so% 
. " 

flrl11~v n~mnfl 2111tlu 3 lJ 1m.t'lJJ~1rn~ifo 
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. 
ct CJ I • oa..t 

Vll';fl..'.:l'Yl 3 l;l'~l1'1'W (rat10) 'UV..'.:! pharmacokinetic parameters {;Yltt'J1J perindopril trn~ perindoprilat . 
... IQ.I ' 4 ~ jJ QJ cv .... I ~ 

(1J'J1Jfl1t'JlJ\lluttm) ttcM'illflfll'J'J1J1J'J~'Yll'Wtll perindopril arginine (l 0 mg) ttrn perindopril-tert-

" ' 
butylamine (8 mg) (fii'..'.:lt~t11) Vil1~l1'V1J1'Wmmtn!fi'Jtl'lfl''lntl~'Uflll'l~~l'W1'W 36 'Jltl (~riul11;1.:imfl 

Telejko E
17

) 

Parameter ~riri1'W'UV'l perindopril arginine I perindopril-tert-butylamine (90% CI) 

Perindopril 

96.00% (92%, I 00%) 

98.23% (88%, 109%) 

Perindoprilat 

96.55% (92%, I 08%) 

92.17% (87%, 97%) 

CI, confidence intervals; AUC,, area under the plasma concentration-time curve; Cnm' maximum plasma concentration 

.eiid d QJ 17 
~ m tt JJ lJ 11 tn1J rnm 

Bioequivalence 'Uel..'.:I perindopril arginine 

_!';! q v 
AlJ"Jl'..lut'Yll'..IUflU perinclopril-tert-butylamine 

' " 
t-Wti'l'illfl perindopril arginine ihhm!fl 

hirnfJmJlflfl11 perindopril-tert-butylamine t1..'.:I 

inv1J 25% (542.680 imvrnVit11Jti1J 441.615) 
y ' ,... v 

~ 'IU 'Wtl~ v 111 tll'tl ..'.:ll;l'V'l'l1il ~ii115miiu l1 v tll'IJV'l 

. . tc:I drd GJ'~9)d 
penndopnl (l'lVtlJ~) l1tl11tl1tllJfl'W 'il'll'lV'llJfll'J 

lli'1J'll'Wl~tll 1~t11~ perindopril arginine 5 mg 

l1r1U'Yl'W perindopril-tert-butylamine 4 mg trn~ 

perindopril arginine 10 mg l1rltt'Yl'U perindop1il-

b 1 
. 8 17,26 tert- uty amme mg 

'l j} q ~ 
~ lJ fl 1 'J fl fl lJ 1 bioequivalence '11 V 'I 

" pe1indop1il l1'll1'V..'.:l'lfil~ 11.26 t'Wv1mffirm'lf1t1 

' ' al 0 d..::i d 

~'llm1w1'ill'W1'W 36 'Jltl 'Yll1m~m1;1t1 31.3 ± 9.6 

~I ct d 2 
1J Ul;l~lJ body mass index tlll;ltl 23.3 ± 1.7 kg/m 

<1i d' ~ 
fll'Jfl'flln'W!ll'Wt!1J1J open-label, randomized, 

two-period, crossover, phannacokinetic study 

1~t1~lJl?i1vv1'lml1'1l1'irfi'Jvorn~'W 2 fl~" u~1;1~ 

, 11 j} ., - I 
fl ~ lJ ~ 'J 1J 1J 'J ~ 'YI 1 'W immediate-release 

" 
perindopril (fl r 'It~ ti 1) t 'W i 11 ! fl il v arginine (10 

mg) n1v tert-butylamine (2 x 4 mg) VVl'll~ 
' " I ~ Q.I QI d cv 

Vtll..'.:IH'IN 'Hl;l'l'illfllJ'WVfl 8 1'W (washout period) 

tt\>ll;l~fltllJ'il~tl fl'ff~ 1J l 11f1.Jli'J~'Yl lWJl l 'W 'J 11 . " " 
I jl SJ S/ 

~di Q.I Q.ld 

tfll;lVl11"ll'l'illflfll'Jl1~ffV1Jfl'J..'.:IU'Jfl 'Yl'llJ 

... 'l j}... "' 
Vl'fflfflJfl'J'il~ ~'J1Jfl1Hl~l"lllJ pharmaco-

kinetic 
d 11 j} I 

parameters Clf 'I ~ U fl maximum 

IJ!asma concentration (C ) time at max > 

maximum plasma concentration (t ), area max 

under the plasma concentration- time curve 

" (AUC
1
), 1rn~ half-life (t v.) 'WOfl'illflUrJ'liifll'J 

"> • .J ll j} I 

l"ll'll"lllJ card10vascular parameters Clf'l ~Ufl 

" blood pressure (BP) Ul;l~ heart rate, 'J1l1l1''l 

' " ~1;101'1'lf1'l 120 ~11l1'ltt~'l111t11 m'Jffflll1i1 

a'liifll'JUl'lm1'ilvimffirm1u1'W~ 3-5 M~'l 

~l'lflltl trn~l'l'J1'il electrocardiogram (ECG), 

BP, heart rate, !rn~ laboratory parameters 
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Bioequivalence '\Jtl..'.J perindopril 1u 
,, 

i ti m~v-.1.:i irv.:i •1n1~ 1lvi'i''LI f11l 1tl'1 urn-Yi uu 1 ~u 

i~h11Hl!1'11f1 perindopril arginine/ perin -

d ·1 b • ' .J d I opn -tert- utylamme AUC
1 

ratios C!f..'.JlJfll 

1'Yi1ti'IJ 96% (95% confidence interval (CI), 

92- 100%) iYmf'IJ AUC 'lltl..'.l perindopril m't~ 

96.55% (95% CJ, 92-108%) ff111i''LI AUC '\Jtl..'.l 

perindoprilat (\llll l'I~ 3) 1viul'l'IJ11 Cls tig 
' ,, 

1ui1.:iYiuvlli''LI1vi'11u1..1.:iirv.:i'lfQ~n 
d I d QI 17 '26 

bioequivalence 'Y11'Yl lrYI UlJ f1'\.J (80- 125%) · 

di 1 . I <!! i "' .., «t 
tl'\.J'I Ul iqu1f1iltl'Yl..'.JiYtl'l'lf'\.JVIU'llJ 

. . ~ d1 'J)d 
pharmacokmet1c parameters tll.l"] 'Y1 f1 il1flU'I 
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Tentative Schedule 
the 3151 Annual Meeting of the Pharmacological and Therapeutic Society of 

Thailand 
March 18-20, 2009 

Faculty of Medicine, Khon Kaen University 

Theme: From basic to new therapeutic approaches 

Time Wednesday 18 March 2009 

8:00-8:45 Registration 

8:45-9:00 Opening Ceremony 

9:00-9:45 Chiravat Sadavongvivad Memorial Lecture 
ABC transp01ter: from drug resistance to drug response 
Prof. Edmund Jon Deoon Lee, Ph.D. 
Department of Pharmacology, National University of Singapore, Singapore 

9:45-10:00 Refreshment 

10:00-11 :30 Session I: Targeted Drugs in Cancer Therapy 
Assoc. Prof. Chawalit Pairojkul, MD. 
Department of Pathology, Faculty of Medicine, Khon Kaen University 

Assist Prof. Auem.khae Sookprasert MD. 
Depat1ment of Medicine, Faculty of Medicine, Khon Kaen University 

Dr. Auemduan Prawan, Ph.D. Modulator 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

Lunch 

13:00-14:30 Session II: From Neuroendorine Control in Obesity to current Therapy 
Assoc Prof. Pranithi Hongsprabhas, MD. 

Depai1ment of Medicine, Faculty of Medicine, Khan Kaen University 
Assoc Prof.Chuthamanee Suthisisang, Ph.D. 

Department of Pharmacology, Faculty of Phannacy, Mahidol University 
Assoc Prof. Pachareewan Pannangpetch, Ph.D. Modulator 

Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

14:30-14:45 Refreshment 

14:45-16:15 Session III: Genetic Asi>ects of Immune-Mediated Adverse Dmg 
Reactions 
Assoc.Prof. Kearkiat Praditpornsilpa, MD. 

Department of Medicine, Chulalongkom University 
Assoc.Prof. Chamvit Leelayuwat, Ph.D. 

Faculty of Associated Medical Sciences, Khon Kaen University 
Assoc.Prof Suda Vannaprasath, MD. Modulator 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

16:15-17:00 General Assembly Meeting 

19:00-21:00 Northeast Thai traditional Palang Dinner 
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Time Thursday 19 March 2009 

8.30-9.15 Invited Lecture : Adolescent depression: Adrenergic mechanisms and 
behavioral correlates 
Prof. David B. Bylund, Ph.D. 

Depaitment of Pharmacology and Experimental Neuroscience, University 
of Nebraska Medical Center, USA 

9.15-10.45 Session IV: From Biology of Stem Cells to Clinical Application 
Assoc. Prof. Pisamai Laupattarakasem, Ph.D. Modulator 

Department of Pharmacology, Faculty of Medicine, Khan Kaen University 

10.45-11.00 Refreshment 

11.00-12.00 Session V: From Circadian Rhythms Impairment to Psychiatric 
Symptoms and Therapy 
Prof. Anan Srikiatkhachom, MD. 

Department of Physiology, Faculty of Medicine, Chulalongkorn 
University 
Assoc. Prof. Jintana Sattayasai, Ph.D. Modulator 

Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

12.00-13.00 Lunch Symposium 
Breakthrough in Neuropsychiatry: Focus of Agomelatine, the New 
Melatoninergic Agonist Selective Serotonin Antagonist-MASSA. 
Prof. Ronnachai Kongsakom, MD. 

Department of Psychiatry, Faculty of Medicine, Ramathibodi Hospital, 
Mahidol University 
Assoc. Prof. Jintana Sattayasai, Ph.D. Modulator 

Department of Pharmacology, Faculty of Medicine, Khan Kaen University 

13.00-15.00 Poster presentation: 

15.00-15.15 Refreshment 

15.15-16.45 Session VI: :Pharmacology of Emotional Disorders 
Major Gen. Dr. Borpit Klangkalya, Ph.D. 
Dr. Tawisilp Wissanu-yothin, MD. 

Bureau of Social Mental Health, Department of Mental Health. 
Assoc. Prof. Suwanna Arunpongpaisal, MD. 

Department of Psychiatry, Faculty of Medicine, Khan Kaen University 
Assist. Prof. Danu Gaysomsiri, MD. Modulator 

Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

16.45- 17.15 
Young Investigator Awards 

Closing Ceremony 
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Time Friday 20 March 2009 

8.30-12.00 Worl< Shop group l: 
Lecture: Principle ofpharmacogcnomics 
Laboratory hand on: Pharmacogenomic of TPMT 
Assoc.Prof Suda Vannaprasath MD. 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

8.30-12.00 Work Shop group 2 
Lecture: Prof. David B. Bylund (30 min) 

Laboratory hand on : Integrative organ system pharmacology 

1. Blood pressure & heart rate, antianxicty (elevated plus maze & dark and 
light box), antidepressant (forced swim model), antipsychotic (climbing) 
and Morris water maze (learning & memory) 
Assoc. Prof. Muckda Chitchareonthum, Ph.D. 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University 

2. The in vitro: rat diaphragm & chick bi venter cervicis muscles 

Assist. Prof. Tarinee Arkaravichien, Ph.D. 
Department of Phannacology, Faculty of Medicine, Khon Kaen University 

12.00-13.00 Lunch & city tour 

8:30-16:00 Post-Conference Tour: Infamous dinosaur museum & indigenous praiwa 
fabric at Kalasin 
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