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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 pguarana.
Caffeine has impact on the CNS by
increasing wakeft iess, 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 uvsually by
drinking coffee, tea, cola soft drinks, or
chocolate. The favorable taste of the
drinks and the stiunulating 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.
1is trend poses public concern on the
impact of caffeine on health and has led
the Food and Drug 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 form of pure
compound or in coffee on the
cardiovascular  system. Caffeinated
drinks contain not only added caffeine
but a vitamins, sugar, flavorn
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 d ks
and caffeine in these drinks is to be
blamed. The purposes of the study were
to 1measure the actual contents of

caffeine in various caffeinated drinks
and to evaluate its pharmcokietics 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. td.), and Carabao
Daeng (Carabac 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
caffeinated drinks

¢ assay of caffeine content
was modified from the high performance
liquid chromatography (HPLC) method
previously described by Tanaka® with
uv detection at 274 nm,
Chromatographic separation was
performed on the S pun CI18, 100 x 4.6
i.d. analytical and guard columns. The
mobile phase used was 100 mM
NaH,PO4/MeOH (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 pl. 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 pg/ml
was prepared in mobile phase to
establish the calibration curve for
validation assay. Six bottles of each
caffeinated drink were mixed and
dilmted  with  mobile phase to
approximately 2.0 pg/ml concentration
of caf :nty 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



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
Committee of the Faculty of Medicine,
Chiang Mai University and was in
comnpliance  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/m®. All were in good health on
the bases of medice history, laboratory
findings and physical examination.
Subjects to be included in the study were
given thorough wverbal 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 avotd foods or
drinks that contain caffeine were
excluded as well as those with known
history of chronic renal, liver, and
cardiovascular diseases. Recent smokers
of cigarette or other tobacco products, a
history of substance abuse or addiction
and use of drugs within the previous 4
weeks were also excluded.
Dosage  and  administration  of
caffeinated drinks

Subjects were admitted to the
Clinical Pharmacology Unit, Department
of Pharmacology, Faculty of Medicine,
Chiang Mai University at 530 AM.
Subjects were fasted overnight for at
least 8 h. "1ib’ v mi  to
receive 150 ml etther 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 aiternative
drink and blood samples were collected
in the same manner. Identical meal and
fluid were served during the 3 study
periods.

Plasma sample collection

Venous blood samples (8 ml)
were taken into heparinized tubes before
and at 0.17, 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 in plasma
Caffeine in  plasma  was
quantified by the HPLC method with
UV detection at 274 nm after solid phase
extraction (SPE) procedure previousljy
described by Biaggioni et al’.
Chromatographic separation of caffeine
was done and mobile phase used was the
same as described above. The calibration
curve of caffeine ranging from 0. 5-2.0
pug/ul  was prepared in  plasma to
construct the calibration curve for
validation assay. The linear regression
analysis of peak-height ratio of caffeine
vs caffeine concentrations consistently
yielded coefficients of determination (1%)
of 0.998 or better. Plasina caffeine
concentrations were derived fror the
standard calibration curves using linear
regression. Five sets of 3 different
concentrations (0.45, 0.9, 1.8 pg/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 0.15 pg/ml
(% CV = 3.75) and the mean recovery of
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caffeine determined from 5 aliquots of
each levels of the QC samples was
93.33%. The average fieeze-thaw
stability of caffeine in plasma after 3
freeze-thaw cycles was determinced to be
101.79%.

Pharmacokinetic analysis

The maximal plasma
concentration {Cyax) and time to the
maximal concentration (Tpx) Wwere
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 (AUCy.15) and O-infinity (AUC;..,) as
we as the half life () 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 t;» was calculated as
0.693/k.. The AUC from time zero to the
last quantifiable point (AUCyp.15}) was
calculated using the trapezoidal rule.
Extrapolated AUC from time t to infinity
(AUC.,}) was determined as Ct/k.. Total
AUC was the sum of AUCq. 5 + AUCs.
». In this study, the sampling time was
continued for more than 3 times the ty;
therefore, the AUCg. 5 was sufficient to
cover at least 80% of the total AUC. The
calculation was performed using the
TopFit software version 2.0 for personal
compufer.

Measurement of blood pressure and
heart rate

Bloa™ -=~~~=~ ~nd heart rate
were me ) O m Digital
Blood Pressure Monitor (Intelli Sense™,
Model HEM-711, Omron 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, .5, 2, 4, 8, 12,
and 15 h after the drink. Subjects
maintaine  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 Cupax, Tiaxs
t12, AUCp-s, systolic and diastolic blood
pressure, and heart rate obtained after
the 3 caffeinated drinks were statistically
analyzed by using repeated measures
ANOVA. Relationship of maximal
caffeine concentration and change in
systolic and diastolic blood pressure and
heart rate werc analyzed by using
Pearson correlation

Results

Caffeine
drinks

At least six bottles each of the
t ee 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%,
103.3 %, and 105.75%, respectively of
labeled ainount/bottle.

contents in caffeinated

Pharmacokinetics 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 ‘ecli  to
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 Cgax of the three
drinks were comparable and not

significantly different, being 1.30 =




0.27,1.42 + 0.40, and 1.42 + 0.34 pg/ml
for M-150, Krating Daeng, and Carabao
Daeng, respectively. The mean AUC,.,
of the three drinks were not significantly
different (9.62, 9.12, and 9.00 pg.h/ml
for M-150, Krating Daeng, and Carabao
Daeng, respectively). The mean ty;; of
the three drinks were 5.42, 5.26, and
5.09 h for M-150, Krating Daeng, an
Carabao Daeng, respectively and did not
differ significantly. However, the mean
Tinax of M-150 (0.87 h) was significantly
longer (p < 0.05) than those of Krating
Daeng (0.51 h) and Carabaoc Daeng
(0.53 h).

Cardiovascular effects of caffeinated
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 three 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 bascline. 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 Cp,, and changes in
systolic blood pressure, diastolic blood
pressure and heart rate (r* = 0.0) were
found g 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/bottie
which were in accordance with the
regulation of Thai FDA'  The
pharmacokinetics of caffeine and its
effects on the cardiovascular effects
after ingestion of the caffeinate drinks
under the present study were therefore in
these dose ranges. Pharmacokinetic
parameters of caffeine in our study were
AUCh.0, Chax, Tmae, and tjz. We found
no differences of these parameters
among the three caffeinated drinks
except a slightly longer Ty, of caffeine
in M-150. . was in the range of 51-
0.87 h (approximately 30-45 min) and
translates into rapid absorption. This is
what to be expecte since all studied
drinks are in clear solution and the
absorption of caffeine should therefore,
be rapid. After caffeine reaches the
systeinic circulation, its pharmacokinetic
behaviors must follow the unique
characteristics of caffeine whether it is
contained in M- 50, Krating Daeng or
Carabao Daeng. The Cpa (1.30-1.42
pg/ml), Tyae (0.5 0.87 h) and ty; (5.09-
5.42h) of caffeine in these drinks in line
with those previously reported i
literatures™ .

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, « :reases 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 ef af
found that after administering 250 ing of
caffeine to 9 al o+ A
produces 14 and 10 mimmHg increase in
systolic and diastolic blood. pressure,
respectively at | hour after caffeine
ingestion.® Whitsett ef al reported that
administering 2.2 mg/kg of caffeine to
54 participants 1creases systolic and
diastolic blood pressure by 9 and 10 mm
Hg, respectively and decreases heart rate
by 10 beats/min’.
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Introduction

Nelfinavir mesylate (Figure 1),
is a white or off white amorphous
powder, and is formulated as a basic
amine salt of methansulphonic acid. Tt
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
micleoside  reverse  transcriptase
inhibitors. Nelfinavir is given by
mouth as the mesylate salt, but doses
arc expressed 1 te s of the base. An
adult dose of 1.25 g twice daily or 0.75
g three times daily is normally
administered with food'.  Children
aged 2 to 13 years may be given 20 to
30 mg per kg body-weight, threc times
daily in oral powder or suspension
dosage forms.

Figurel Chemical structure of
nelfinavir mesylate.

The absorption of nelfinavir is
much slower than other F /-1
protease inhibitors. The pe: and
trough n¢ inavir concentrations after
administration of 750 mg three times a
day i adults are 2.9 and 1.2 pg/ml,
respectively”. 1 area under the curve
(AUC) for the period from 0 to 8 hours
ranged from 3.62 - 36,06 pglhe/mP,
The time to peak concentration has
been determined as 2 to 4 hours with
the terminal half-life between 3.5 to 5
hours®. Nelfinavir absorption is
enhanced by administration with food.
A mo rate fat meal increases the peak
concentration and AUC, two to three
folds when compared to fasting

15

condition'. The recommended
administration for nelfinavir is that it is
taken with a imeal or light snack®. Intra-
individual and inter-individual plasma
nelfinavir concentrations variability is
considered largely due to the variable
absotption which reflects on the
unpredictable nature of nelfinavir
absorption.

Nelfinavir undergoes oxidative
metabolism in the liver primarily by
CYP2C19 but also by CYP3A4 and
CYP2De6. Its major hydroxyl-t-
butylamide metabolite, M8, 1s formed
by CYP2C19 and has in vitro antiviral
activity equal to that of the parent drug.
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 drug
excreted unchanged in the urine. Liver
diseasc may prolong the half-life and
increase plasma concentrations of the
parent drug while lowering plasma
concentrations of MS8. So the
concomitant administration of agents
that induce enzymes CYP2CI9 and
CYP3A4 and nelfinavir may be
contraindicated. Nelfinavir is greater
than 98% bound to plasma proteins,
mostly to albumin and e;-acid gly-
coprotein, It is present in CSF at less
than 1% of plasma concentrations”.
The distribution into breast milk is not
known'. The most important side
effect of nelfinavir is diarrhea or loose
stools,  Otherwise, nelfinavir s
generally well tolerated but has been
associated with glucose intolerance,
elevated cholt erol . els, and
elevated triglycerides. Nelfinavir is
we folerated 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 .
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pg/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 CI8 Bond Eut® 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 1
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 in 100 pl of 60%
acetonitrile in  water immediately
before chromatography. A 20 pul
sample was injected into  the
chromatographic 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  imterference  from
endogenous substances.

Recovery

Plasma was spiked with an
aqueous solution of nelfinavir to
provide concentrations of 0.51, 1.02
and 1.53 pg/ml respectively. These
samples were subjected to the
pretreatment  procedure  described
previously and 20 ul of the final
extract was injected and peak heights
recorded. These were compare * with
the peak heights obtained by injection
of 20 pl of samples containing 5.1,
10.2 and 15.3 pg/inl 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 /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 true value.

Intra and Inter-day Precision

Five separate sets of plasma
spiked with nelfinavir at concentrations
of 0.51, 1.02 and 1.53 pg/ml were
prepared. The amount of nelfinavir in
each spiked sample was determined,
using one calibration line obtained in
the same run for intra-day precision.
The inter-day  precision  was
determined by repeated analysis over
five different days. The cor icient 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 coucentration in
the plasma.

Limits of Detection (1.OD) and
Quantitation (LOQ)

The T1.OD for nelfinavir in
plasma was determined by
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 an the date of last sample
analysis.  Long-term stability was
determined by storing three aliquots of
each of the low and Thigh
concentrations at -20°C in the same
freezer as the study samples. The
samples are analyzed in every second
week after storage, The concentrations
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. Three 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 stahility

Three aliquots of the low and
high concentration are thawed at room
temperature and kept at the room
temperature for 0, 6 and 12 hours. e
nelfinavir was then determined.

Post preparative stability

The  remaining  nelfinavir
concentrations are determined at 0, 6
and 12 hours after processed samples.

Thai J Pharmacel; 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 Conunittee 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 thc normal
range (i.e. body mass index between
18-24 kg/n® 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, alimentary, allergy and
immune systems problems. All
volunteers should be non smokers with
no history of alcohol or d: g abuse.
The volunteers were required to sign
the consent form agreeing to the s 1y
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 nelfinavit.

The study 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 ad to be present at the
investigation unit at 8.00 am. The i.v.
catheter fitted with a fthree-way
stopcock was inserted into the
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antecubital vein 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 ne navir tablet was then taken
with a glass of water. The dose
admir tered was one-third to one-fifth
of the normal clinical dose was
selected to minimize 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 aftc 10.30
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 respe« v¢ -, the resolution
between nelfinavir and IS is greater
than 1. Tt was decided to use solid
phase extraction as the method of
choice for extraction but the recovery
problems ha 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, 1 ml of
2.5% phosphoric acid is added to 1.2
ml of plasma sample. This markedly
improves the reproducibility of
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 | 1se and markedly re ced
the interference from endogenous
substances. The recoveries for various
concentrations of nelfinavir and one
concentration of IS are shown in T...le
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1 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
day. Inter and intra-day precision for
nelfinavir is  expressed as the
coefficient of wvariation (%CV). For
intra-day precision the %CV was less
than 4.22% while for inter-day the
%CYV 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 pg/ml is
shown in Figure 4, 2 coefficient of
determination (r*) 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 ¢ 13.7%.

The results of long term
stability of nelfinavir spiked mn plasma,
stored in -20°C i er foraperi of 8
week is shown in Table 5. The
decomposition of nel avir was
negligible at concentrations of 0.5 and

5 pg/ml. This is in agreement with
other put she cesults *'.

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 concentrations 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%%. Samples of
low and high concentration nelfinavir
in  plasma were extracted and
reconstituted and stored for 6 and 12
hours . room temperature. The
concentratton of nelfinavir  was
determined and the % CV was 5.9 and
4.3% respectively, which is inside the
requited +  5%.

1e  validated method was
applied to the pharmacokinetic study.
Figure 5 shows chromatogram
obtained from consequence manual
injection of plasma samiples of a
volunteer, blood collected at 0, 1 and 2
hours after administration of a single

-—Nel I
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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

om the study. The results from 15
subjects show that the peak plasma
level (Cypax) ranged from 868-2666
ng/ml, the area under the curve (AUC,.
») ranged from 4.9-32.4 ug.hi/nl, the
time to peak concentration (Tpax) was
between 2-5 hours and the elimination
half-live (t;;) was between 1.9-4.9
hours. The resuits show high inter-
individual variation among subjects
(%CV > 30) for the pharmacokinetic
parameters. This was significant in
subject no. 19. The imean plasma
concentration vs time profile in 15
subjects for nelfinavir is shown in
Figure 6.

¥

L] L]
Alinutes Mfbannatay Minules

F re 2 Chromatogram of nelfinavir (A), internal standard (sz 1inavir) (B) and
mixture (C) at a concentration of .2 and 8.33 pg/ml in 60% acetonitrile in

water, respectively.
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Figure 3 showing the specificity of the analytical and pre-treatment method described

for (A) blank plasma and (B) nelfinavir (1.02 pg/ml) spiked in plasma and
IS (5 pg/ml).

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

%Recovery (n=5)
Compounds Spiked v 1e (ug/ml) Mean SD %CV
Nelfinavir 0.51 64.87 5.88 9.07
Nelfinavir 1.02 74.81 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 (pg/ml) Recovered value (pg/ml) % found % CV
1 0.510 0.502 98.43 2.12
2 1.020 1.040 101.96 4.42
3 1.530 1.518 99.22 232

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

Spiked concentration (pg/ml) Recovered value (ug/ml)
%CV
Intra-day 0.51 u.du TuUL 212
(n=5) 1.02 1.04 £0.05 4,42
1.53 1.52 +0.04 232
Inter-day 0.51 0.50+0.02 3.01
(n=12) 1.02 05+ 0.06 593
1.53 514+ 0.06 3.60
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Nelfinavir calibration curve

y = 0.0012x + 0.0042
R =0.999

Peak height ratio
&

1500 2000 2500

1000

Concentrafion (ng/ml)

Figure 4 shows a single calibration curve demonstrating linearity between
concentration (0 —2.04 pg/n  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.: . 0.069 5.08
Intercept 0.001 0.009
Correlation coefficient (R?) 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.

Conc. Concentration found {pg/ml) (n=3)

ng/ml 0 week 2 weeks 4 weeks 6 weeks 8 weeks
0.5 0.4710.01 0.4710.00 0.46 % 0.00 0.45+0.01 0.46+0.01
1.5 1.42 +0.01 1.36 + 0.01 1,37 £ 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/ml) (n=3}

Cone. {(pg/ml) Freshly prepared 3 cyeles % of nelfinavir
0.5 0.47 £ 0.00 0.51 +£0.03 108.:
L5 1.36 +0.01 146 £ 0.01 17.35
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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.
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Subjects Trnas Cnax (ng/ml) AUC,., AUCq,; % AUC tyz (lir)
(hr) (ng.hr/ml) {ng.hr/ml) extrapolated

1 3.0 1705.8 13169 [1816 10.3 31
2 3.0 1979.4 11052 10420 5.7 2.8
3 4.0 980.8 5414 5219 3.6 2.1
6 3.0 808.2 5225 4710 9.9 43
3 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 1.5 3.9
12 3.0 1303.8 5661 5499 2.9 2.0
13 3.0 1136.7 6025 5748 4.6 2.4
15 2.0 1395.0 6939 6715 2.4 1.9
16 3.0 2098.9 16024 14504 9.5 3.5
17 4.0 1094.0 5609 5145 8.3 34
18 3.0 1073.5 5690 5340 6.2 2.7
19 4.0 2666.0 32439 25208 223 4.9
2 3.0 994.3 4898 45" 6.7 3.0

Mean

(n=15%) 3.2 1352.5 9223 8212 8.0 3.1

8.D. (n=15) 0.8 e s 7216 5535 52 0.9

%CV

(n=15}) 4.2 38.93 78.2 67.4 65.7 28.6

Maxinum

(n=15) 5.0 2666.0 32439 25207.8 223 4,9

Minimum

(n=15) 2.0 868.2 4898 4571 2.4 1.9

Timo {minutas)

Figure 5 shows chromatogram obtained from continue manual injection the plasma
samples of a volunteer, at time 0 (T0), 1 (T1), 2 (T2) hours after adminis-
tration of a single oral dose of 250mg of nelfinavir, with internal standard.
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Nelfinavirr conceniration-time profile (mn=15)

10000.0 -
% 1000.0 -
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g E' 100.0
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i0.00 15.00
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Figure 6 shows the plasma concentration-time profile (mean + S.D., n=15) of

nelfinavir after oral adnn istration 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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Introduction

Medicinal plants are important
sources of new chemical substances that
potentially have strong therapeutic
effects. Kaempferia galanga Linn,
(Zingiberaceae), commonly  called
“Proh Hom” in Thai, is an acaulescent
perennial growing in Southern China,
Indochina, Malaysia, India and
Thailand. This medicin: plant has been
extensively used for treatment of
various disorders including hyper-
tension, rheumatism « asthma'. Tn
Thailand, the rhizome of K. galanga is
used by people in many regions for
relieving toothache, abdominal pain,
muscular swelling and rtheumatisin?.
The most common indications for its
use, besides hypertension, include
rheumatisim, asthma, headaches, cough,
toothaches and as a poultice for
applying to bruises and wounds®. 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 rheumatism®. In China, this
plant is used as a remedy for toothachc,
as a stimulant, carminative to treat
cholera, and to treat contusions, chest
pains, headache and constipation™®.
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
toothache’. Its alcoholic maceration has
also been applied as a liniment for
rheumatism®’. Some pharmacological
activities of K. galanga have been
reported, for example, as a smooth
muscle relaxant'® and vasorelaxant®!".

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 vc  tile oil extracted
from dried rhizome were -ethyl-p-
methoxycinnamate (31.77%), methyl-
cinnamate (23.23%), carvone (11.13%),
eucalyptol (9.59%) and pentadecane
(6.41%), respectively'?, Other
constitutents of the rhizome include
cineol, borneol, 3-carene, camphene,
kaempferal, cinnamaldehyde, p-metho-
xycinnamic acid, ethyl cinnamate and
ethyl p-methoxycinnamate'. A
methanolic  extract of the rhizome
contains  ethyl p-methoxy frans-
cinnamate, which is highly cytotoxic to
HeLa cells'.

In the present study, K. galanga
was selected because it is one of the
medicinal plants commonly used in
remedies to ftreat 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 this 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,
Songkhla Province, Thailand. The plant
was identified by Professor Puangpen
Sirirugsa, Department of Biology,
Faculty of ce, ince of Hngkla
University. A voucher specimen NO.
200601 of the ; .nt material has been
deposited in the Prince of Songkla
University Herbarium, Decpartment 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 in  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 - °C and 12 h light-12 h dark
cycle. iy were supp ed ad libitum
with standard rodent diets and water.
All experiments were approved by
Animal Ethics Committees, Prince of
Songkla niversity, T ailand.

3. Preparation of the plant extract
and reference drugs
20 kg of the fresh } nt K
galanga, including rhizomes, stems and
leaves, was cleaned with tap water and
air-dried at room temperature (28-30
°C). The dried plant material was
puiverized by an electric blender to give
5 kg of a coarse powder. The powder
obtained was macerated with 10 L of
methanol and left for 7 days at room
temperature. The maceration process
was repeated twice and the combined
extracts 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 rotary evaporator and
lyophilized by freeze-drying to give a
total semi-solid residue of 1192 g
(vield 0.6 %w/w) which was stored in a
closed bot._. and kept in a refrigerator
at temperature below 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 ~ ° cosolvent (propylene
'yecol : tween 80 : distilled water;
4:1:5). This solution and cosolvent
controls were given to the animals
orally. The reference drugs used in this
study were aspirin @ (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 sa .
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4. Investigation of antineciceptive
activity
4.1 Acetic acid-induced writhings in
mice

The method of Koster, et al.l?
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 injection with 0.6%
acetic acid in 0.9% normal saline (10
n kg body weight) to induce the
characteristic writhings. Cosolvent (10
ml’kg  O) 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.'® 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 aniinals. After 30 min of
treatment (except only 15 min for
morphine), 20 pL of 2.5% formalin in
saline was injected subcutaneously into
a hind paw of each mouse. e 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 (15-30 min) "
malin injection.
4.3 Hot plate test in mice

The method of Woolfe and
MacDonald”  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 ). The animals in
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the test groups were treated with
different doses (50, 100 and 200 ing/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 drugs (except only 15 min for
morphine and 10 min for naloxonc),
mice were placed on a hot plate
mainfained at 55 °C £+ 1 °C. The latency
of nociceptive response (reaction time)
of each mouse that was identified by the
time for lick g 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 fest in rats

The experiment was carried out
by the medthod of D’Amour and
Smith.'"®  The experiment was carried
out in the same manner as the hot plate
test. After 30 min of treatiment with all
test drugs (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 aninals 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 testing previously
described by Bruce' 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 1 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 gkg. 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 #- 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
miice

The methanolic extract of X
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 ¢ rease in the
number of writhings was dose-
dependent. Aspirin (100 mg/kg PO)
produced a 51.06 % reduction compared
to the control. 1e results are provided
in Table 1.
1.2 Formalin test in mice

MEKG at doses of 50, 100 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
stinmulus. 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§ mgkg SC)
markedly increased pain  latency
(p<0.01) in all cases from 30 min with
its maximum effect at approximately 1
h after treatment. All results are shown
in Table 3. Naloxone (2 mgkg IP)
given before the morphine (5 mgkg
SC) or MEKG (200 mgkg PO)
abolished the latency of the nociceptive
responses (Table 3).
1.4 Tail-flick test in rats

The tail-flick latency response
was significantly increased at 45 min
after administration of 200 mg/kg PO of
MEKG compared to the control
(»<0.01) and MEKG at doses of both 50
and 200 mgkg PO significantly
increased the tail- flick latency response
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(p<0.05) at 60 min. At 75 min al! 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<0.C _ 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<0.01) from 45 to 90 min
after their addition {Table 4).

2. Acute toxieity

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 dwing the
observation periods of 8 h and 7 days
after administration. No mortality was
observed up to 7 days of monitoring.
The LDsg 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 Dose{ing/kg) Number of writhings Inhibition (%)
Cosol 10 ml/kg, PO 51.7+2.54 -
Aspirin 100, PO 2534 1.25° 51.06
MEKG 50, PO 29.6 + 0.95° 42.75

100, PO 20.9 +£1.53° 59.57

200, PO 152+ 1.13° 70.60

Values are presented as the mean + SE (# =10).

? p <0.01, significant difference from control.
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Table 2 Effect of MEKG on the reaction time of mice in the formalin test.

Licking of the hind paw (sec)

Inhibition (%)

Late phasc Inhibition (%)

(15 - 30 min)

Treatment Dose(ig/kg)
Early phase
(0 - 5 min}
Cosolvent 10 ml/kg, PO TIAT +£3.62
Morphine 5,8C 25.61 +1.367
Aspirin 100, PO 41,72 £2.24¢
MEKG 50, PO 54.97 +£2.58"
100, PO 52.04 £2.42¢
200, PO 3590+ 297"

- 94.03 £3.22 -
66.81 17.63 + 1.01° g1.25
45.94 76.94 £2.717 18.18
28.71 29.21 £ 1.93¢ 68.94
32.56 19.97 £ 2.06° 78.76
53.48 20.22 £ 0.96° 78.50

Values are presente  1s the mean + SE (# = 10)
“p < 0.01, significant difference from control.

Table 3 Effect of MEKG, morphine and naloxone on the reaction time of mice in

the hot plate test.

Treatment Dose (mg/ke) Reaction time (sec)
30 min 45 n 00 min 75 min 90 min
Cosolvent 10 mlke, PO 8.56+0.22  871+028  9.19=x0. 9424 0.23 8.74£0.37
Morphine 5,8C 10.61 £0.39° 1437+0.68° 17.74+0.59" '491 048" 14.71+£0.73"
Naloxone 2, Ip 898+0.18 897+027 877+021  881+0.15 8.90+£0.19
MEKG 50, PO 884025 9.10+033 935+027 10.74+042 1077 +037°
100, PO 9.48+042 977+022 10154014 1036+030 11.45+0.30°
200, PO 971034 1057027 12431043 1338+037" 12.87+041°
Naloxone + 2,1P;5,SC  9.57+0.49 9.61+040° 9.63+036° 10.11£040° 1043+0.:
Morphine
Naloxone +  2,1P; 200, PO 10.28+0.57 10.65+045 11274063 112240547 )13+ 0.62¢
MEKG

Values are piresented as the mean + SE (s = 10)

“p <0.05, *p < 0,01, significant difcrence from control,
:‘!) < 0.01, significant difference compared with morphine 5 mg/kg.
' < 0.01, significant difference compared with MEKG 200 g/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- ck
test. T 2 acetic aci induced writhing
model is a chemical stimulus widely
used for the evaluation of peripheral
antinociceptive activity”. In this model,

pain is generated indirectly via endo-
genous mediators like bradykinin,
serotonin, histamine, substance P and
prostag ndins, all acting by stimulating
peripheral nociceptive neurons. These
fibers are sensitive to narcotics such as
morphine  and  nonsteroid  anti-
inflammatory drugs (NSAIDs)*'. Intra-
peritoneal injection of acetic acid can
produce the peritoneal inflammation
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(acute peritonitis) which causes the
responsc characterized by contraction of
the abdominal muscle accompanied by
an extension of the forelimbs and
clongation of the body. This writhing
response is considered as a visceral
inflammatory  pain  model>.  This
method has been associated with the
increased levels of prostaglandins in the
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peritoneal fluids®®. The results in this
study revealed that MEKG sign cantly
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 cnzymes
(COX) wvia the inhibition  of
prostaglanc i synthesis.

Tat :4 Effect of MEKG, 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 mlkg, PO .33+ 003 1.31+003 1.27+0.05 1.21+0.10 1.20+0.03
Morphine 5,8C 138003 243+005° 3.55+001°  3.58+0.07" 3.23+0.05
Naloxone 2,1P 133+003  1.27£0.03 1.30+0.02 1322002 1.35+0.02
MEKG 50, PO L28+0.03 132003 14240027 L41£0.02° 134+0.02

100, PO 128+0.02 133003 133002 L37£0.027 1311002

200, PO 127+0.02 139+0.03° 46+002° 1.41+0.02° 1.32+0.02
Naloxone +  2,1P; 5, SC 136 £0.03  1.59+0.05° 1.50 £0.03¢ 1.41+£0.02° 1.35+0.04°
Morphine
Naloxone + 2,1P;200,PO  134+£0.03  1.28+0.037 1.29+0.03' 1.29+0.02 12640027
MEKG
Values are presented a: 1 mean + SE (n = 1(})
“p < 0.05, bp < 0,01, signiticant increase from the control.
“p < 0.01. significant decrease compared with morphine alone
% < 0.0 significant decrease compared with 200 mg/kg MEK.G alone

MEKG also possesses anti- neurons at the spinal cord level

noceptive activity in the formalin test.

Morphine, a typical 1

cotic analgesic

The advantage of using the formalin
model of nociception is that it can
discriminate  between central and
periphe ) s*. 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, an.. the second phase
(inflammatory phase) occurs through
the activation of the ventral horn

drug, can inhibit nociception in both
phases®®, whercas NSA s, acting
supraspinally in the central nervous
sys 1, also re e the 1 both
phases®. 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
neurons’’. 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 resuited from
chronic  inflammatory  nociception
responses due to  inflanmnatory
mediators  like  histamine, prosta-
glandins, serotonin and bradykinin.”®
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
pain® at the supraspinal and spinal
levels™, respectively, possibly acting
on a descending inhibitory pain
pathway™. In this study, our results
indicated that the extract of K. galanga
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 an
MEKG in this study was abolished by
naloxone, an opioid antagonist.

The p 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 p receptors include respiratory
depression, inhibition of intestinal
motility and most importantly for
therapeutic considerations is its in-

on " physical dependence.
Activation ot |1, opioid subtype leads
to spinal analgesia and commonlg/
through constipatio adverse effect™.
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 1 chanisms
by binding with p opioid receptors. The
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LDsg 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
study 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 t  hot
plate and tail flick tests, indicating that
the extract acts partly through opioid-
mediated mechanisms. The p opioid
receptor would probably be a binding
site of MEKG.  These results on the
antinociceptive activity of » IKG
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 usc.
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Discussion: Comment on the results and integrate them with the existing knowledge
and point out the field. Recommendation may also be included.
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behavioral correlates
Prof. David B. Bylund, Ph.D.

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

$.15-10.45

Session IV: From Biology of Stem Cells to Clinical Application
Assoc. Prof. Pisamai Laupattarakasem, Ph.[>. Modulator
Department of Pharmacology, Faculty of Medicine, Khon Kaen University

10.45-11.00

Refreshment

11.00-12.00

Session V: From Circadiar Rhythms Impairment to Psychiatric
Symptoms and Therapy
Prof. Anan Srikiatkhachom, MD.

Department of Physiology, Faculty of Medicine, Chulalongkormn
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 Sclective Serotonin Antagonist-MASSA.
Prof. Ronnachai Kongsakorn, MDD,

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

Department of Pharmacotogy, Faculty of Medicine, Khon Kaen University
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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.
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Time Friday 26 March 2009
8.30-12.00 Work Shop group &:
Lecture: Principle of pharmacogenomics
Eaboratery 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
I. Blood pressure & heart rate, antianxiety (elevated plus maze & dark and
light box), antidepressant (forced swim model), antipsychotic (climbing)
and Morris water maze {leaming & memory)
Assoc. Prof. Muckda Chitchareonthum, Ph.D.
Department of Pharmacology, Faculty of Medicine, Khon Kaen University
2. The in vitro: rat diaphragm & chick biventer cervicis muscles
Assist, Prof. Tarinee Arkaravichien, Ph.D.
Department of Pharmacology, Faculty of Medicine, Khon Kaen University
12.00-13.00 Lunch & city tour
8:30-16:00 Post-Conference Tour: Intamous dinosaur museum & indigenous praiwa
fabric at Kalasin
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