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Abstract 

3 

Objectives: 1. To compare means of calories burnt by exercise, compliance, eating 
behavior, diabetes knowledge, age, BMI and Fasting Blood Glucose (FBG) between 
gender. 2. To find correlations between calories burnt by exercise, compliance, eating 
behavior, diabetes knowledge, age, BMI and FBG. 3. To find Hierarchical Stepwise 
Multiple Regression Analysis (MRA) model to predict FBG. 
Method: A cross-sectional deductive survey by telephone interviewing and accessing 
clinical data were employed to investigate relationship between health behavior factors 
namely-calories burnt by exercise, compliance, eating behavior, diabetes knowledge, 
demographic data and FBG of 200 diabetes patients at Sa.raburi Hospital during the 
period of January 15, 2008 to March 15, 2008, randomly generated probability sampling 
by computer. 
Results: Total sample size of 200 (100%) diabetes patients, mostly 138 (69.00%) were 
female, 62 (31.00%) were male with average age 59.34 ± 11.99 years, diabetes 
knowledge score 6.31±1.57, average BMI 26.79 ± 2.50 kg/m2

, average calories burnt per 
week 2,777.24 ± 2420.89, Average compliance score12.37 ± 7.13, and average FBG 
161.25 ± 54.10 mg/dl. Cronbach's Alpha coefficient of Sorofman's Compliance scale for 
constructs "right time" and "right amount" were 0. 8157, and 0.8526 respectively and 
Aua.nmoy Eating Behavior Scale was 0.7915. ANOVA con.fumed that FBG, compliance, 
diabetes knowledge, age, eating behavior score and BMI between male and female were 
not significantly different (p>0.05) However, calories burnt by exercise between male and 
female patients were significantly different (p<0.05). Pearson's correlation con.fumed 
that diabetes knowledge, calories burnt by exercise and age were inversely significantly 
correlated to FBG (r = -0.42, -0.24, -0.14 with p<0.01, p<0.01, p<0.05 respectively). 
MRA model proved that 5 factors; diabetes knowledge, calories burnt by exercise, 
gender, age, and BMI were the significantly predictors of FBG (Beta = -0.40, -0.25, 
+0.16, -0.11, and -0.10 with p<0.01, p<0.01, p<0.01, p<0.05 and p<0.05 respectively). 
Conclusion: Diabetes knowledge, calories burnt by exercise and gender were three 
significantly most influence factors for predicting FBG. The diabetes patients should be 
educated how to cope with diabetes and do more exercise 

Keywords: Fasting Blood Glucose, diabetes, compliance, exercise, BMI 
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Intrnduction 
Diabetes Mellitus is the major 

public health problem in Thailand 
because it has continually increased in 
Thai population 1

• It was estimated that 
the number of people with diabetes in 
adults aged 20 years and over in 
Thailand will increase from 1,017,000 in 
2000 to 1,923,000 in 2025 2

. From 
Epidemiological Surveillance Report 
2005, death rate with diabetes per 
100,000 population equal 12.3 (7,665 
persons), death rate with diabetes in 
male 9.5 per 100,000 population (2,941 
persons), death rate with diabetes in 
female 15.0 perl00,000 population 
(4,724 persons) and death ratio male : 
female equal l : 1.6 3 

Diabetes mellitus is charac-terized 
by recurrent or persistent hyperglycemia, 
and is diagnosed by demonstrating any 
one of the following:4 l. fasting blood 
glucose level at or above 126 mg/dL (7.0 
mmol/I). 2. blood glucose at or above 
200 mg/dL or 11. l mmol/l two hours 
after a 75 g oral glucose load as in a 
glucose tolerance test. 3. Random 
plasma glucose at or above 200 mg/dL 
or 11. l nm10l/l. A positive result should 
be confirmed by another of the above­
listed methods on a different day, unless 
there is no doubt as to the presence of 
significantly-elevated glucose levels. 
Most physicians prefer measuring a 
fasting glucose level because of the ease 
of measurement and the considerable 
time commitment of formal glucose 
tolerance testing, which can take two 
hours to complete. By current 
definition, two fasting glucose 
measurements above 126 mg/dL or 7.0 
mmol/l is considered diagnostic for 
diabetes mellitus. 

The WHO recognizes three main 
forms of diabetes: type I, type 2, and 
gestational diabetes4

, which have similar 
signs, symptoms, and consequences, but 
different causes and population 
distributions. Ultimately, all forms are 
due to the beta cells of the pancreas 
being unable to produce sufficient 

5 

insulin to prevent hyperglycemia.5 Type 
2 is characterized by tissue-wide insulin 
resistance and varies widely; it 
sometimes progresses to loss of beta cell 
function. The classical triad of diabetes 
symptoms is (frequent urination), 
(increased thirst and consequent 
increased fluid intake), (increased 
appetite). Weight loss may occur. 
When the glucose concentration in the 
blood is high, of glucose in the proximal 
renal tubuli is incomplete, and part of the 
glucose remains in the urine. This 
increases the osmotic pressure of the 
urine and thus inhibits water resorption 
by the kidney, resulting in an increased 
urine production (polyuria) and fluid 
loss. Lost blood volume will be replaced 
osmotically from water held in body 
cells, catlsing dehydration and increased 
thirst. Prolonged high blood glucose 
causes glucose absmvtion and so leads 
to changes in the shape of lenses of the 
eyes (diabetic retinopathy), leading to 
vision changes. Blurred vision is a 
common complaint leading to a diabetes 
diagnosis. Diabetes can cause many 
complications. Acute complications 
01ypoglycemia, ketoacidosis or non­
ketotic hyperosmolar coma) may occur 
if the disease is not adequately 
controlled. Serious long-term compli­
cations include cardiovascular disease 
(doubled risk), chronic renal failure 
(diabetic nepluupathy is the main cause 
of dialysis in developed world adults), 
retinal damage (which can lead to 
blindness and is the most significant 
cause of adult blindness in the non­
elderly in the developed world), nerve 
damage (of several kinds), and 
microvascular damage, whkh may cause 
erectile dysfunction (impotence) and 
poor healing. Poor healing of wounds, 
particularly of the feet, can lead to 
gangrene which can require amputation 
the leading cause of non-traumatic 
amputation in adults in the developed 
world. Adequate treatment of diabetes, 
as well as increased emphasis on blood 
glucose control and Ille behavior factors 
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(such as not smoking and keeping a 
healthy body weight), may improve the 
risk profile of most aforementioned 
complications. 

The American Diabetes 
Association (ADA) (2004) estimated 
that 90 to 95 percent of patients with 
diabetes have Type 2. 3 The goal of 
treatment in Type 2 diabetes patients is 
controlling blood glucose into the 
normal range, tluuugh a combination of 
medication, diet, exercise, and making 
life behavior changes 2. 

The risk factors for Type 2 
diabetes are: I. family history, 2. age 
~45 years), 3. high-risk ethnic group 
for examples aboriginal, Asian, Pacific 
Islander, Hispanic, African, and 4. 
obesity. 5. Life behavior changes or non­
pharmacological treatment is the choice 
in the treatment of patients with Type 2 
diabetes 6-

8
. ADA repmt s that the nearly 

14 million people in the US who have 
Type 2 diabetes, approximately 80 
percent were overweight before they 
developed the disease 9. Hellmich, et al, 
( 1991) found that diet and exercise could 
delay the onset of Type 2 diabetes in 

. k 10-1 3 E · · persons at ns xerc1se 1s 
potentially the principal means of 
fighting overweight and obesity (before 
being obese, people are overweight, and 
afterwards, exercise is considered more 
strenuous) 14

• Exercise is recommended 
as a non-pharmacological way of 
treating Type 2 diabetes and it reduces, 
even slightly, the risk of premature death 
and cardiovascular disease because leads 
to diet then reduced weight in patients 
with Type 2 diabetes. Tanasescu et al 
(2003) demonstrated that physical 
activity was associated with a reduced 
risk of both cardiovascular and total 
mortality among men with Type 2 
diabetes 15

. Cromie (1997) studied in 
more than 65,000 women, 40 to 65 years 
old and concluded that too much sugar 
and not enough fiber eating habit could 
double a female's risk of developing 
adult-onset diabetes 16

. Halton et al 
(2006)' s 20 years longitudinal diet 
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studied in 84, 555 women in the Nurses' 
Health Study found that potato and 
French fry consumption were both 
positively associated with risk of Type 2 
diabetes after adjustment for age and 
dietary and non-dietary factors. The 
relative risk (RR) in a comparison 
between the highest and the lowest 
quantities of potato intake was 2.14 (p = 
0.009) 17

. Ko et al (2007) studied 
effectiveness of strnctured intensive 
diabetes education programs (SIDEP) 
for people with 547 Type 2 diabetes 
mellitus patients and found that the 
frequency of hospitalization related to 
diabetes per patient per year was 
significantly lower in the SIDEP group 
than in the control group (p< 0.05) 18

. 

Prasaichaimontri (2003) studied in 120 
Type 2 diabetes patients proved that 
patient who received health education 
has significant higher knowledge score 
better than patient who did not receive. 
This suggested that it was imp01tant for 
pharmacist to identify patient' s barrier to 
adhere with medical regimen. Health 
education should be focus on patient's 
skill to reduce barrier to adhere medical 
regimen 19

• Wangkladkaew's study in 
2002, confirmed that nutntlon 
counseling was important for Type 2 
diabetes patients 20

• Lohavisavapanich 
(2003) studied 145 diabetes outpatients 
at King Chulalongkorn Memorial 
Hospital and found that provided 
education and counseling had significant 
effect to knowledge, attitude, quality of 
life, satisfaction, plasma glucose level 
and health care utilization of diabetes 

. 21 
patients . 

Pharmacists played an important 
role in counseling on life behavior 
changes to reduce risk factors for 
cardiovascular complications and 
diabetes by just simply informing the 
patients about their possible risky 
behavior and telling them what to do to 
reduce these risks and also using 
behavior models to demonstrate to 
patients then convinced and counseled 

. I I . lb h . 22-23 patients to c rnnge t 1etr ma e av1or . 
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Therefore motivating patients to perform 
life behavior changes was a pharmacist 
demanding task 24 Additionally, 
pharmacists could stimulate medical 
regimens compliance in patients. 
Normally, patients were non-adherent to 
their treatment including oral anti­
diabetes therapy and only a small 
number of diabetic patients were found 
compliant with all aspects of diabetic 
care 25

-
26 Identification of non 

comp! iance patients was a pharmacist 
challenge tasks as well. Patients often 
were reluctant to admit non-adherence 
27 Pill counts and self-reports of 
patients tended to overestimate patient 
compliance and measuring metabolites 
of drugs in blood and urine only 
provides compliance information for a 

. . . • 28-29 u . certam pomt 111 time . smg 
pharmacy data was another method that 
enables measurement of compliance. By 
evaluating whether medication 
prescriptions were filled in time, it was 
possible to calculate refill compliance. 
However, it was expected that only a 
fraction of actual non-adherers would be 
identified because it only allowed 
identification of patients that simply did 
not obtain enough medication to be 
adherent. In 1986 electronic monitoring 
systems became available as a tool for 
objective registration of patient 
compliance 30

. It was claimed that 
electronic monitoring was more sensitive 
for detecting inadequate compliance than 
any other method 31

. However, until 
now electronic monitoring had been 
used in a clinical research setting only. 
The costs of electronic monitors and 
other practical issues limited the use in 
routine clinical practice. Consequently, 

7 

there was still a need for valid and easy­
to-use tools for detecting compliance 
problems. It would be desirable to have 
a brief self-repmt questi01maire or face 
to face or telephone interview to enable 
targeting specific interventions m 
patients of this study. 

This deductive research was based 
on the gist of "Theory of Reasoned 
Action" by Ajzen and Fishbein (1975) 
which in brief stated that "Attitude 
toward anything led to intention to do 
it then impacted behavior." Additional 
variables such as demographic data (i.e. 
gender, age and BMI), and "health 
behaviors" specifically exercise, 
compliance, diabetes knowledge and 
eating behavior 
were integrated to the model predicting 
fasting blood glucose (FBG). 

Additional variables such as 
demographic data (i.e. gender, age and 
BMI), and "health behaviors" 
specifically-exercise, compliance, 
diabetes knowledge and eating behavior 
were integrated to the model predicting 
fasting blood glucose (FBG). 

The objectives of this study were 
to: 1. Compare means of calories burnt 
by exercise, compliance, eating behavior 
score, diabetes knowledge, age, BMI 
and fasting blood glucose between 
gender. 2. Find correlations between 
calories burnt by exercise, compliance, 
eating behavior score, diabetes 
knowledge, age, BMI and fasting blood 
glucose. 

Attitude __ _. ._ __ i_n_te_n_t_io_n __ __, __ ..... ..,I._ --B-el_rn_v_i_o_r __ _, 
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Conceptual model 

Exercise I Gender 

I~ Compliance 

Age Fasting Blood Glucose 

Diabetes Knowledge 

1/ BMI 
Eating behavior 

3. Estimate Hierarchical Stepwise 
Multiple Regression Analysis Model to 
predict FBG. 

Research questions: In the Type 
2 diabetes patients, controlling for clrng: 
l. Did gender have different average 
(BMI, age, calories burnt by exercise, 
compliance score, diabetes knowledge, 
eating behavior score and fasting blood 
glucose)? 2. Were there any significant 
correlations between BMI, age, calories 
burnt by exercise, compliance score, 
diabetes knowledge and eating behavior 
score and FBG? 3. What factors signifi­
cantly predicted FBG? 

Materials and Methods 
A cross-sectional survey by 

telephone interviewing was employed to 
study the relationship between calories 
burnt by exercise, eating behavior score, 
compliance and diabetes knowledge, 
demographic data namely-age, BMI and 
gender,-and fasting blood glucose of 
200 Type 2 diabetic patients at Saraburi 
Hospital during the period of January 15, 
2008 to March 15, 2008. 

The study protocol was reviewed 
for approval by the staff of Saraburi 
Hospital Human Subjects Review 
Committee. Patients were interviewed 
by telephone and via electronic Saraburi 
hospital data bank. The populations for 
this study were all Type 2 diabetes 

patients at Saraburi Hospital between 
January 15, 2008 and March 15, 2008. 
According to Hair et al (2000), Multiple 
Regression Analysis (MRA) required 15 
to 20 samples for 1 independent variable 
however sample size must not less than 
100. The model engaged 7 independent 
variables therefore it needed only 140 
cases. We over calculated for losing 
data to 200. Then 200-Type 2 diabetes 
patients-who came to see physicians 
during the time plan 32 were randomly 
sampling by computer from Saraburi 
Hospital data bank controlling for drug 
name "metformin®". 

lnshwnents 
The 11-page questionnaire divided 

into five parts: Demographic data, the 
diabetes knowledge scales, calories burnt 
by exercise using Haskell Compendium 
of Physical Activities scale, eating 
behavior scale, Sorofman's compliance 
scale, BMI and FBG (from lab test). 

Fourteen hypotheses were 
generated from 3 Research Questions of 
this study. It consisted of one dependent 
variable and 7 independent variables. 
All calculations were used SPSS 16.0. 
Data were described as frequencies, 
percent, and means with standard 
deviations, One way ANOV A, Pearson 
product moment correlation, and MRA 
with default setting - p <0.05 - as the 
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level of statistical significance were 
employed. 

Each of Hypotheses 1-7 contained 
1 dependent variable (Ratio scale) and 1 
independent variable (Nominal scale); 
therefore, we applied One Way ANOV A 
to compare the means of fasting blood 
glucose, compliance, diabetes 
knowledge, age, calories burnt by 
exercise, BMI and eating behavior 
between male and female (P <0.05). 
Each of hypotheses 8-13 contained 2 
continuous variables (Ratio scale) hence, 
we employed Pearson 's correlation to 
find associations between each paired of 
variables. Hypothesis 14 has 1 

Table 1 Category demographic data 

Demographic data 

Gender 

Male 

Female 

Marital status 

Single 

Married 

Level of education 

Completed grade school 

Completed high school 

Completed junior high school 

Technical school 

Bachelor degree 

Occupations 

Civil servant 

Employee 

Officer 

Farmer 

Merchant 

House maid 

Total 

9 

continuous (ratio scale) dependent 
variable-Fasting Blood Glucose and 7 
independent variables-gender , age, 
BMI, eating behavior score, compliance, 
calories burnt by exercise and diabetes 
knowledge score-described in this 
equation. Statistical analysis of this data 
was calculated via Hierarchical Stepwise 
Multiple Regression Analysis (p<0.05). 

Results 
Data were collected for a period of 

two months and the Final Return Rate 
was 100 % (n= 200). Demographic data 
were shown in table 1 and 2. 

Frequency Percent 

62 31.00 

138 . 69.00 

18 9.00 

182 91.00 

98 49.00 

46 23.00 

36 18.00 

19 9.50 

l 0.50 

36 18.00 

4 2.00 

60 30.00 

19 9.50 

32 16.00 

49 24.50 

200 100.00 
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Table 2 Continuous variables descriptive statistics 

Range Mean± SD 

Age (yr) 72.86 59.34 ± 11.99 

fasting blood glucose (mg/di) 293 161.25 ± 54.1 

knowledge of diabetes (score unit) 10 6.31 ± 1.57 

Calories burnt by exercise per week (kg-calories) 9750 2,777.24 ± 2,420.89 

Body Mass Index (kg/nl) 26.61 26.79 ± 2.5 

compliance score (score unit) 13.8 12.37±7.13 

eating behavior score (score unit) 9.86 11.61 ± 2.2 

Scale Reliability: The Cronbach's Alpha coefficient of Sorofman's Compliance scale 
for constructs "right time" and "right amount"were 0. 8157, and 0.8526 and Auamnoy 
Ealing Behavior Scale was 0.7915. 

Analysis of Hypotheses 

Table 3 One way ANOVA of hypotheses 1-7 

Gender Mean SD F p-value 

FBG Female 159.35 51.65 0.55 0.46 

Male 165.48 59.41 

Compliance Female 7.67 1.54 0.21 0.16 

Male 10.84 6.01 

Knowledge Female 6.30 1.55 0.01 0.92 

Male 6.32 1.63 

Calories burnt by Female 2,222.30 2,069.07 26.37 **0.00 

exercise Male 4,012.42 2,693.92 

Age Female 59.13 11.79 0.14 0.71 

Male 59.82 12.49 

BMI Female 26.70 2.83 0.69 0.41 

Male 27.01 1.50 

Eating behavior Female 11.76 2.16 1.90 0.17 

score Male 11.29 2.27 

One way ANOVA confirmed that only the mean of calories burnt by exercise of male 
was significantly larger than the mean of calories burnt by exercise of female 
(p<0.01). 
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Table 4 Correlation matrix Correlation matrix 

FBG Male 
FBG 1.00 
Male 0.05 1.00 
Age *-0. 14 0.03 
BMI -0.04 0.06 
Exercise **-024 **0.34 
Comply -0.06 *0.10 
Know **-0.42 0.01 
Eating 0.06 *-0.09 
Mean 161.25 0.31 
SD 54.10 0.46 

* significant level at p<0.05 
** significant level at p<0.01 

Table S Coefficients 

b 
Constant 326.21 
Male 18.81 
Age -0.49 
BMI -2. 19 
Exercise -0.005 
Eating 1.75 
Comply -0.04 
Knowledge -13.89 
RL 0.26 
Rz change 0.23 
F 15.54 

Age 

l.00 
-0.06 
0.03 
0.03 
0.05 

-0.09 
59.34 
11.99 

SE 
50.52 

7.78 
0.28 
1.38 

-0.02 
1.56 
0.05 
2.16 

BMI Exercise Comply · Know Eating 

1.00 
-0.09 1.00 
-0.0l *0.15 1.00 
-0.07 0.11 -0.06 1.00 

*-0.16 0.03 -0.03 0.03 1.00 
26.79 2777.24 12.37 6.31 11.61 

2.50 2420.89 7.13 1.57 2.20 

Beta T p-value 
6.46 **0.00 

0.16 2.42 **0.00 
-0.11 -1.74 *0.04 
0.10 l.59 *0.05 

-0.25 -3.64 **0.00 
0.07 l.12 0.13 

-0.06 -0.87 0.19 
-0.40 6.42 **0.00 

Dependent Variable: Fasting blood glucose 
* significant level at p<.05 
** significant level at p<.01 

Pearson's product moment 
cortelation confirmed that age, calories 
burnt by exercise and diabetes 
knowledge score significantly 
inversely related with Fasting blood 
glucose (r = -0.14, -0.24,-0.42 with 
p<0.05, 0.01, 0.01 respectively) 
meaning the more patients had age, 
exercise and diabetes knowledge the 
less fasting blood glucose they got. 

The two steps of Hierarchical 
stepwise Multiple Regression Analysis 
statistics were used to explore the 

glucose and gender, age, BMI, calories 
burnt by exercise, eating behavior score, 
compliance · score, and diabetes 
knowledge score. Given the directional 
nature of the hypotheses, we found that 
the 3 most significant variables which 
predicted FBG were: knowledge of 
diabetes (Beta-0.40), caloiies burnt by 
exercise (Beta -0.25) and gender 
(Beta+0.16) respectively. Finally, the 
model yielded The Fasting Blood 
Glucose prediction equation as the 
followings: 
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FBG = 326.2 l + 18.81 Male** - 0.49 age* - 2.19 BMI* - 0.005 calories 
burnt by exercise** + 1.745 eating Behavior - 0.04 compliance 
-13.89 diabetes knowledge** 

ZFBG = 0.161Zinalc - 0.11 ZAgc-0. lOZsMI - 0.24Zcalories burnt by exercise 
+O. 07ZEating Behavior-0. 06Zcompliance-0.40Zoiabetc.s Knowledge 

* significant level at p<0.05 
** significant level at p<O 

Knowledge, calories burnt by 
exercise, gender, age, and BMI were the 
significantly predictors of Fastin~ blood 
glucose in the equation with R = 0.26 
(Beta= -0.40, -0.25, 0.16, -0.11, and -
0.10 with p<0.01, 0.01 , 0.01 , 0.05 and 
0.05). 

Conclusion and reconunendation 
We found that when controlling 

for drng, Type 2 diabetes patients fasting 
blood glucose could be significantly 
predicted by 1. diabetes knowledge­
meaning the more knowledge patients 
had the less fasting blood glucose they 
got (p<O.O 1 ), 2. The quantity of calories 
burnt by exercise-meaning the more they 
exercise the less fasting blood glucose 
they got (p<0.05). However, age had 
inversely correlation to fasting blood 
glucose-meaning, the older the patients 
were the less fasting blood glucose they 
got. 3. Gender was a significant factor to 
predict fasting blood glucose. We found 
that male Type 2 diabetes patients had 
significantly higher fasting blood 
glucose than female (p<0.01), BMI was 
a signjficant factor to predict fasting 
blood glucose. We found that patients 
had more BMI the less fasting blood 
glucose they got (p<0.01). Surprisingly, 
compliance score and eating behavior 
were not significantly predictors of the 
model.Diabetes knowledge, calories 
burnt by exercise and gender were three 
significantly most influence factors for 
predicting FBG. The diabetes patients 
should be educated how to cope with 
diabetes and do the more exercise. 

Qualifications 
This research could be improved 

by using One Way ANCOVA statistics 
(for hypotheses 1-7) controlling for 
baseline FBG-pretest before treatment 
with drugs-and age of patients as the two 
covariates and blocking design by drugs. 
It would yield more reliable and precise 
results when get rid of confounders. For 
hypotheses 8-13, future research design 
would minimize error form extraneous 
variables namely-age, FBG before 
treatment (baseline) by applying partial 
correlation instead of simple correlation. 
We certainly believed that when the 
more powerful statistical techniques 
were employed the more accurate and 
reliable outcomes we would be achieved 
unconditionally. 
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Abstract 

Pharmacological study was conducted with the methanol extract from Ba11hi11ia 
sia111e11sis K. & S.S. Larsen (BS extract) in experimental animals for evaluating anti­
inflammatory, analgesic and antipyretic effects. In acute inflanmrntory models, BS 
extract significantly inhibited ethyl phenylpropiolate (EPP)-induced ear edema as well 
as carrageenin-induced hind paw edema in rats. By contrast, BS extract did not elicit 
any inhibitory effect on arachidonic acid (AA)-induced hind paw edema. BS extract 
significantly reduced both transudative and granuloma formation in chronic 
inflanmrntory model using the cotton pellet-induced granuloma in rats. In the 
analgesic test, BS extract exerted pronounced inhibitory .activity on acetic acid­
induced writhing response in mice but had no effect on the tail-flick test in rats. In 
addition, BS extract also possessed an antipyretic activity when tested in yeast­
induced hyperthermia in rats. The results obtained demonstrate the anti-inflammatory, 
analgesic and antipyretic activities of BS extract. 

Keywords: Anti-inflammatory, analgesic and antipyretic effects; Legurninosae 
Ba11hi11ia sia111e11sis K. & S.S. Larsen, 

Address correspondence and reprint request to: Ampai Panthong, Ph.D. Department of Pharmacology, 
Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand., Tel.: +66-53-945352, Fax: 
+66-53-217144, E-mail address: apanthon@med.cmu.ac.th 



16 Thai J Plwrmacol; Vol 31: No 2, 2009 

irnuJ (Baulzillia siamensis K. & S.S. Larsen) 

1nm1'lf1m ff'lf11w11 rn::fjutf n 'J w1t1111~rrR'm11 f Rn 'i nm Nlfl u fl fl/ ::mnwff1trR f 11111:S11u1ft'm:Uu.J1 mi 

l~U-11rni 50200 

} mn1'lf1tnff'lfJl1U1 flfU::llJ'IJIUff1ffRf '11f7J11U1ftUl~U'J 1mi l~U-11rni 50200 
J o cv °" d'l./ jJ ' ~ e.1 d',. 'I ~ t1 d 0.# .::i .i=: " 
ff?IJM 1JJ, rfJ}'/lJV l'J.l nrnQ 11U1Ull 11'1'1f1RffR 'Ju111fl::1'11JV1'1'lf m ::11 n 'JHH/Uln'i1i 'i 'i'1 '1f1Rllfl::ff '11l'JflflV1J 

nim11n 10900 1.h::mrr~1w 
1 mn1'1f1mfi11rt::fJ11tfm1111tlw~rrR'm1riR n'i 'i imNmfi nm::11w1ff1trRf mn11w16iumi Rrt n~ .Jmw1 J 0400 

Q.I I 

1J't'lt'WltHl 

fl1) ftfl1fl q 'YI 1( 'Y1l \I UHY 'lf 1 '}'HJ1 'lJ {) ·HYl'Hl' n ~ m 'YI 1'\HH'l u 1fl'ff1' tHHHJ 111 (BS extract) lu 
' ~ 

0 QJ " I ~ .... I ~ o:::'l jl QJ QJ ... I lil 'Jl QJ 9) 

u111Hl1'1tJ'l'ffm'Ylmrn.:ivrn1 n"rn1J1~111uqY11im'Wmrnm'ff11 1 ~\11J1J1~ U'1~t'I~ t'll mnrn~'ff1tJt1 
~ 11 I 

'ff t1111liq'l'l 1i~1u m1~miY11u11rnfit1m1~u1~~i1.:iu1flm1Y1~'1-eJ.:il1'1111 tt'1fi~ m1111lJ'llu'l 1m;J'H'Y 

1 1 'J) ... 1 ""1 ° 1 'J) ... 'J) 'J) 1 "" "" ... 'll11 m.1 'lflffl'lt'I r1H 1 tl1'1'YI U'1~m1m mn~m111111'UtJ\ltJ'll'l'l1'H'U'lJ11 ~wnnn~m11u'U'W . " 
~ " ' 

1 u 'tl Nm .:i nu~ 1irnn 'ff n ~ 'ffi' -eJt1'fft11iJ1ij liq'YI 1i u11u\Im111111 'Uu 'I~ '11 il1 'H-y 'IJ11l11n~ u1n m1 

~ " 
m~~'W ~ 1t1m~tJ~11~1 m1 fl m1 'ff n~ 'fff ut1'fft1111u'lliqY11i u11u.:im11n~'YI 11u cy1~ '1'111'1~m11~ 1 '1111 

" ~ 
1m11111 ~lt'I tJ.:im 1 ~ m'ffrn~ ffr '11 ~ t1N'IOmJ-d1~1u11 'Y 'U11 ri1u m1'tl~'fftJ1J(]'tl1i 1~~11 u1~1m 11 

"' 'JJ "" ,,/1 "' _I ~l 'JJ""1 o d d o 1 'JJ .-. d _ I 1 
mnrnml'ltJt1'fft111mq'Yl1i 'Wfl1fi~\11J1J1~ vi~ u111111u1t'ltJ'll111rnt1Tw1 11m~m1111u1J1J1VI ~ti 

~ ' 

1 
jl ..::::t Q 4 'JI I 9) e.::t QI Ill I .CS q QI - I 1 0 ""1 'J) 'J) 
'lfm ~tl~tiw1 nn~t'Ul'lftJ\l'tltJ\l'UtJ\lm~ t11Ju m 1191 m..1q'tl1i 1~ \11J1J 1rl 'W111J1Ju1'1tJ\ll1 'lfft11m mJ 

' " ~ 
mi1 t1Tu 11 tt'1n~fl11111~11u1~11 ~ nrn m'l'H'Y 'lJ11 'WtJ nu1nir u 'ffn 'ffn~rnf tJ t1'fft1111u'lliqnli t'I~ i ~ 
ll 'J) d 1 o d 1 :ikl o' 'J) 1 'J) .-. ll 'J)1 dtl 'J) <$ I 

ri111uY1ri'fftJ1J tJ111111111t'ltJ'l'YI 'lft1'ff9lm ~91u mfl~ 'll 1m-y'U11 Nt'l'YI ~111flmHrnm11'ff~.:i11 

QJ 9J ..::t ~ iJ QJ QI - I 1l 'J)ll 'JJ"" 
m1'fffl~'ff1tJt1'fft1llJ1lt)l11im'Wmrnm'ff1J 1~ \11J1J1~ 11'1 ~ t'I~ 'll ~~ 

Bauhinia siamensis K. & S.S . Larsen, 



Thai J Pharmacol; Vol 31: No 2, 2009 

Introduction 
Bauhinia is an interesting genus in 

Leguminosae (Caesalpinioideae) fami­
ly1 . The claimed therapeutic uses in Thai 
traditional medicine of some plants in 
this genus include wound healing, 
decongestant and antipyrexia2

. Previous 
study repo1ted that extracts from plants 
of this genus possess anti-inflammatory, 
analgesic and antipyretic effects in many 
animal models. The aqueous extract of 
B. pwpurea leaves showed anti­
inflammatory and analgesic effects3

. The 
methanol extract obtained from B. 
racemosa stem bark elicits anti­
inflammatory effect in both acute and 
chronic phases and also potentiates 
mmphine and aspi1in-induced analgesia, 
as well as reduces pyrexia in animal 
models4

. The chloroform extract of B. 
tarapotensis leaves possesses anti­
inflammatory prope1ty5. 

Ba11'1i11ia sia111e11sis K. & S.S. 
Larsen is a climber plant ne~vly 

discovered in 2002 in Phu Miang, 
Phitsanulok, Thailand. This plant is 
known in Thai as "Soi Siam" or "Siao 
Dang"6

. However, information on its 
traditional use is lacking, and 
phytochemisuy and pharmacological 
activities of this plant have not yet been 
pe1formed. As mentioned above, many 
plant species in the Bauhinia genus 
showed anti-inflammatmy, analgesic 
and antipyretic activities in animal 
models, therefore, it is possible that B. 
siamensis also possesses these effects. 
As part of a continuing research for 
novel plant-derived anti-inflammatmy 
agent, the methanol extract of B. 
sia111e11sis was preliminmy screened for 
anti-inflammat01y activity and it showed. 
promising effect in the ear edema 
formation. The present study was 
performed in order to evaluate the anti­
inflammatmy effect of the methanol 
exu·act of B. sia111e11sis on both acute and 
chronic phases as well as analgesic and 
antipyretic effects in animal models. The 
possible mechanisms of action of these 
activities were also examined. 
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Materials and Methods 

Animals 
Male Sprague-Dawley rats 

weighing 40-60 g, 100-120 g, 180-220 g, 
and 200-250 g as well as male Swiss 
albino mice weighing 30-40 g, 
purchased from the National Laboratmy 
Animal Center, Nakorn Pathom, were 
used. All animals were kept in a room 
maintained under environmentally 
cqntrol condition of 24±1 °C and 12-h 
light and 12-h dark cycle. All animals 
had free access to water and standard 
diet (Pokaphan Animal Feed Co., Ltd., 
Samutpragmn, Thailand). They were 
acclimatized for at least one week before 
starting the experiments. All animal 
experiments were approved by the 
Animal Ethics Committee, Faculty of 
Medicine, Chiang Mai University. 

Plant material and extract 
B. siamensis was collected from 

Phu Miang, Phitsanulok, Thailand and 
was identified by one of us (NN). A 
voucher specimen (B KF. 140460) has 
been deposited at The Forest Herbatium 
National Park, Wildlife and Plant 
Conservatio~ Department, Bangkok, 
Thailand. The methanol extract, 
designated as BS exu·act, was prepared 
as follows: air-dried and finely powdered 
of the aerial part of B. siamensis (4 Kg) 
was extlacted with methanol (113 L). 
The solvent was evaporated to d1yness 
under reduced pressure and trace of 
solvent was removed by freeze-dried to 
give methanol extract (395 g). 

Drngs and chemicals 
Arachidonic acid (AA), 

carrageenin and diclofenac were 
purchased from Sigma (St. Louis, MO, 
USA); ethyl phenylpropiolate (EPP) 
(Fluka Chemicals Co., Ltd., Japan); 
prednisolone (Scherisone®, Schering 
Bangkok Ltd., Nonthaburi, Thailand); 
codeine (The Government Pharma­
ceutical Organization, Bangkok, 
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Thailand); brewer's yeast (Sigma 
Chemicals Company, St. Louis, MO, 
USA) 

Drug administration 
All test drugs were orally 

administered in an equivalent volume of 
0.5 mUlOO g body weight of rats and 
0.1 mUlO g body weight of mice. In the 
rat ear edema model, test drugs were 
given topically to the outer and inner 
smfaces of the ears in equivalent volume 
of 20 µVear. Distilled water was used as 
vehicle except in ear edema model, 
where 5% DMSO (dimethyl sulfoxide) 
in acetone was used. Control groups 
received vehicle only in the same 
volume and by the same route. 

Anti-inflammatory activity 

EPP-induced ear edema in rats 
The method described by Brattsand 

et al. (1982)7 was pe1formed. Male rats 
weighing 40-60 g were used. Test 
substances, i.e. , diclofenac, BS extract 
and vehicle, were each applied topically 
to the inner and outer surfaces of rats ' 
ears by means of an automatic microliter 
pipette at a volume of 20µUear. 
Immediately after application of test 
dmgs and vehicle, ear edema was 
induced by topical application of EPP 
dissolved in acetone at a dose of 1 
mg/20~l1Jear. Ear thickness was 
recorded using digital vernier caliper 
before and al 15, 30, 60, 90, and 120 min 
after edema induction. 

Carrageenin- and AA -induced hind 
paw edema in rats 

Male rats weighing J 00-120 g were 
used. Rat paw edema was induced by 
carrageenin8 and AA9

, respectively. 
Rats were pretreated orally with test 
dmgs 1 h prior to carrageenin and 2 h 
prior to AA injection. A volume of 0.05 
mL of 1 % carrageenin in normal saline 
solution (NSS) or 0.1mLof0.5% AA in 
0.2 M carbonate buffer was injected 
intradermally into the right subplantar of 
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each rat. Paw volume was measured 
using a plethysmometer (model 7150, 
Ugo Basile, Italy) before and at l, 3 and 
5 h after carrageenin and l h after AA 
i1tjection. 

Cotton pellet-induced grmmloma 
formation in rats 

Male rats (180-2~0 g) were 
weighed for initial weight. On the 151 

day, test drugs were given to each group 
of rats. One hour thereafter, two d1y 
cotton pellets weighing 20±1 mg were. 
implanted subcutaneously, one on each 
side of the abdomen of the animal under 
light anesthesia with pentobarbital 
sodium under sterile technique 10

. Test 
drugs were administered once daily 
throughout the experimental period of 7 
days. On the 8111 day, rats were 
anesthetized with pentobarbital sodium. 
The implanted pellets were dissected out 
and weighed inunediately for their wet 
weight, then dried at 60 °C for 18 h and 
weighed for d1y weight. The body 
weight gain and dry weight of the 
thymus gland were also recorded. 

Measurement of alkaline phosphatase 
activity in semm 

Blood from the rat in cotton pellet­
induced granulorna model was collected 
into a tube by cardiac puncture technique 
on the 8111 day after cotton pellet 
implantation. Samples of semm were 
sent to medical laboratmy for 
determination of alkaline phosphatase 
(ALP) and total protein11

. The enzyme 
activity was expressed as units of 
enzyme per milligram of total protein. 

Analgesic activity 
Acetic acid-induced writhing response 
in mice 

The method was pe1formed as 
described by Collier et al. (1968)12 and 
modified by Nakamura et al. (1986)13

• 

Male Swiss albino mice weighing 30-40 
g were used. Mice were pretreated orally 
with test drngs 1 h prior to acetic acid 
injection. A volume of 0.1 mIJlO g body 
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weight of 0.75% acetic acid in NSS was 
injected into the peritoneal cavity of each 
mouse, the animal was then placed in a 
transparent plastic box. The number of 
writhes, a response consists of 
contraction of an abdominal wall, pelvic 
rotation followed by hind limb 
extension, was · counted during 
continuous observation for 15 min 
beginning 5 min after the acetic acid 
injection. 

Tail-flick test i11 rats 
Male rats weighing J 80-200 g were 

used. A tail-flick method of D' Amour 
and Smith (1941)14 and modified by 
Gray et al. (1970) 15 was used. The rat's 
tail was placed to cover a flush mounted 
photocell window of the tail flick 
apparatus (model 7360, Ugo Basile, 
Italy). Heat was applied to rat's tail by a 
beam of light generated from an infrared 
lamp (50 W bulb) mounted in a reflector. 
The light intensity was adjusted to give a 
normal reaction time of 2-4 s. The timer 
was automatically activated when the 
lamp was turned on. Rats flicked its tail 
when it felt pain and then the light fell 
on the photocell and automatically 
stopped the timer. Rats with control 
reaction time of 2-4 s were used. Test 
drngs were administered orally 1 h to 
rats before re-exposure to the heat. The 
cut-off time of 10 s was the maximum 
time allowed for an unflicked tail to 
expose to the heat without tissue 
damage. 

Antipyretic activity (yeast-induced 
hyperthermia in rats) 

Hyperthermfa was induced in rats 
following the method of Teotino et al. 
(1963) 16

• Male rats weighing 200-250 g 
were used. The initial rectal temperature 
was recorded using a 12-channel electric 
thermometer (model TPM 812, Letica, 
Spain). Hyperthermia was induced in 
rats by subcutaneous injection of 1 
mIJlOO g body weight of 25% yeast in 
NSS. Rectal temperature was again 
recorded 18 h after yeast injection. 
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Those animals that showed a rise in 
rectal temperature of 2'.:l °C were used. 
Test drngs were administered orally and 
the rectal temperature was again 
recorded at 30 min interval for 2 h after 
drug administration. 

Statistical analysis 
The data of the experiments were 

expressed as mean ± standard error of 
mean (S.E.M.). Statistical comparison 
between groups was analyzed by using 
one-way analysis of variance (ANOV A) 
and post hoc least-significant difference 
(LSD) test and p values less than 0.05 
were considered significant. 

Results 

EPP-induced ear edema in rats 
The inhibitory effect of topical 

application of BS extract on EPP­
induced ear edema is shown in Table J. 
Diclofenac, a positive control, at the 
dose of 0.6 mg/ear markedly reduced the 
ear edema caused by EPP application. 
BS extract at the dose of l mg/ear also 
significantly reduced the EPP-induced 
ear edema formation at all evaluation 
times. 

Carrageenin-induced hind paw edema 
in rats 

The inhibito1y activity of oral 
administration of BS extract on 
carrageenin-induced hind paw ede1na in 
rats is demonstrated in Table 2. All 
doses of BS extract and diclofenac 
significantly reduced carrageenin­
induced edema formation of rat paw at 
all assessment times. The antiedematous 
effect of BS extract was dose-dependent 

AA-induced hind paw edema in rats 
All doses of BS extract and 

diclofenac did not show any inhibition of 
paw edema induced by AA. On the 
contrruy, prednisolone (a phospholipase 
A2 inhibitor) possessed a · strong 
antiedematous effect on this 
experimental model (data not shown). 
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Table 1 Effects of BS extract and diclofenac on EPP-induced ear edema in rats 

Dose 
15 min 30 min 60 min 120 min 

Group 
(mg/ear) ED 

% EI 
ED 

%EI 
ED 

%EI 
ED 

% EI 
(~11n) (!:_!Ill) (!:_!Ill) (~till) 

Control 117±22 157±34 197±30 172±19 

Diclofenac 0.6 15±8* 87 27±10* 83 35±13* 82 35±16* 79 

BS extract 27±8* 77 47±12* 70 61±18* 69 67±20* 61 

Values are expressed as mean± S.E.M. (N = 6), ED= Ear edema,% EI= percent 
edema inhibition. Significant difference from control group: * p-value <0.05 " 

Table 2 Effects of BS extract and diclofenac on carrageenin-induced hind paw edema 
in rats 

Group Dose lh 3h 5h 
(mg/kg) EV (mL) % EI EV (mL) % EI EV (mL) %EI 

Control 0.35±0.02 0.65±0.03 0.66±0.04 

Diclofenac · 10 0.08±0.02* 77 0.15±0.07* 76 0. 19±0.07* 71 

BS extract 75 0.21±0.04* 40 0.36±0.03* 45 0.40±0.04* 39 

150 0.16±0.01 * 54 0.29±0.04* 55 0.34±0.07* 48 

300 0.12±0.03* 66 0.21±0.04* 68 0.25±0.06* 62 

Values are expressed as mean± S.E.M. (N = 6), EV= Edema volume, % EI= percent 
edema inhibition. Significant difference from control g1:oup: * p-value <0.05 

Cotton pellet-induced granuloma 
formation in rats 

The results of granuloma 
formation and transudative weight 

. induced by cotton pellet implantation in 
rats are demonstrated in Table 3. Daily 
oral administration of BS extract and 
diclofenac for 7 days slightly but 
significantly reduced the transudative 
weight and granuloma fo1mation. 
Prednisolone markedly reduced both 
paramet~rs. However, prednisolone also 
significantly reduced the gain of body 
weight and d1y thymus weight of rats 
whereas BS extract and diclofenac had 
no effect on both parameters (data not 
shown).Sernm ALP activity after cotton 
pellet implantation in the control group 
was significantly elevated when 
compared with the normal or Q.On­
implanted group. All test drugs, given 
to rats for 7 days normalized sernm 
ALP activity to normal level (data not 
shown). 

Acetic acid-induced writhing response 
in mice 

The results of acetic acid­
induced writhing response in mice are 
shown in Table 4. Diclofenac 
significantly reduced the number of 
writhes. All doses of BS extract also 
possessed significant inhibitory effect on 
writhing response in a dose-dependent 
manner 

Tail-flick test in rats 
Table 5 demonstrates the results 

of test drngs on tail-flick response in 
rats. BS extract and diclofenac did not 
show any inhibitory effect on the 
reaction time. In contrast, codeine (an 
opioid drng) showed pronounced 
analgesic activity in this test model. 
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Table 3 Effects of BS extract, diclofenac and prednisolone on the transudative 
weight and granuloma weight 

Group Dose Granuloma Granuloma Transudative Granuloma Granuloma 
(mg/ wet weight dry weight weight weight inhibition 
kg) (mg) (mg) (mg) (mg/mg cotton) (%) 

Control 325.25±16.51 64.17±3.29 261.08±14.72 2.20±0.16 

Diclofcnac 2.5 281.33±25.83* 57 .58±1.91 * 222.08±27.53* 1.88±0.09* 

Prednisolone 5 216.83±49.08** 42.45± 7 .99** 172.92±40.26** 1.12±0.39** 

BS extract 300 284.75±43.74* 57 .33±4.85* 224.91±39.17* 1.86±0.25* 

Values are expressed as mean± S.E.M. (N = 6), Significant difference from control group: 
* p-value <0.05, ** p-value <0.001 

14 

49 

15 

Table 4 Effects of BS extract and dic1ofenac on acetic acid-induced writhing response 
in mice 

Group Dose 
(m kg) 

Control 

Diclofenac 10 

BS extract 75 

150 

300 

No. of writhes 

29.33±8.04 

6.33±4.13* 

19.17±10.91* 

17.00±7.45* 

2.50±3.99* 

Inhibition of writhing response(%) 

78 

35 
42 

91 

Values are expressed as mean± S.E.M. (N = 6) Significant difference from control group: 
* p-value <0.05, 

Table 5 Effects of BS extract, diclofenac and codeine on tail-flick test in rats 

Group Dose Tc (s) T1 (s) % inhibition 
(mg/kg) 

Control 2.28±0.17 2.58±0.22 
Diclofenac 10 2.45±0.45 2.88±0.55 6 
Codeine 75 2.33±0.22 7.00±0.90* 61 
BS extract 300 2.31±0.26 2.75±0.37 6 

Values are expressed as mean± S.E.M. (N = 6), Tc = control reaction time, T1 =reaction 
time after received test drugs orally, Significant difference from control group: * p-value <0.05 

Yeast-induced hyperthermia in rats 
The effects of test drngs on 

yeast-induced hype1thermia in rats are 
shown in Fig. 1. Diclofenac markedly 

reduced rectal temperature. BS extract 
sigtlificantly reduced rectal temperature 
of pyretic rats. at all assessment times 
only at the dose of 300 mg/kg. 
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Figure 1. Effects of BS extract and diclofenac on yeast-induced hyperthermia in rats 
(•: control; A: BS extract 150 mg/kg; +: BS extract 300 mg/kg; •: diclofenac 10 
mg/kg) . Values are expressed as mean± S.E.M. (N= 6). Significant difference from 
control group: * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001. 

Discussion 

The present study was the first 
study to investigate anti-inflammatmy, 
analgesic and antipyretic effects of BS 
extract. The results showed that BS 
extract significantly reduced EPP_. 
induced ear edema formation 
comparable to that of diclofenac. Edema 
caused by topically applied EPP is due 
to the release and/or synthesis of various 
inflanunatory mediators including 
histamine, serotonin, bradykinin and 
prostaglandins (PGs). These mediators 
are orchestrated to promoting 
vasodilatation and increasing vascular 
permeability as well as producing ear 
edema formation 17

. It is therefore 
suggested that BS extract may elicit its 
anti-inflammat01y activity in the same 
way as diclofenac, which suppresses the 
release and/or synthesis of various 

inflammatmy mediators of acute 
inflammation notably, the PGs. 

Cmrngeenin-induced rat paw edema 
formation is one of the widely used 
model for testing anti-inflammatmy 
effect of test compounds8

. This 
experiment is an excellent test for 
assessment of cyclooxygenase (COX) 
inhibitors 18• Regarding the possible 
mechanisms involved in this model, it 
has been suggested that several 
inflanunatory mediators such as 
histamine, kinins, PGs and pro­
inflammatmy cytokines play their roles 
in causing edema formation 19

-
20

• Oral 
pretreatment of rats with BS extract 
resulted in a significant inhibition of 
carrageen.in-evoked hind paw edema at 
all assessment times similar to 
diclofenac. The results obtained from BS 
extract suggest that the mechanism of 
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action of BS extract may be clue to 
inhibit PGs synthesis and also suppress 
activities of other mediators of 
inflammation. 

BS extract did not exe1t any 
inhibitory activity on AA-induced paw 
edema. This method is widely used for 
evaluating anti-inflammatoiy agents 
with a mechanism of action different 
from COX inhibitor. This experin1ent is 
sensitive to lypoxygenase (LOX) 
inhibitors (e.g., zileuton), a dual inhibitor 
of AA metabolism (e.g., phenidone), and 
phospholipase inhibitors (e.g., 
prednisolone) but insensitive to COX 
inhibitors9

. It seems that anti­
inflaminatory activity of BS extract is 
not related to the LOX pathway. 

Cotton pellet-induced granuloma 
formation in animals is a typical feature 
of established chronic inflammatmy 
reaction . This method is used to assess 
the transudative and proliferative 
components of clu-onic inflammation. 
Most anti-inflammatory agents, 
especially steroids, exe1t inhibitmy 
effect on both transudative and 
proliferative phases. Swingle and 
Shideman (1972) found that NSAIDs, 
such as aspirin, elicit only slight whereas 
steroids show marked suppressive effect 
on both transudative and proliferative 
phases10

• In this study, BS extract and 
diclofenac slightly but significantly 
inhibited the transudative weight and 
granulorna formation. These results 
suggest that BS extract suppresses the 
vascular permeability and the 
proliferative component of clu·o1uc 
inflammation. 

All test drugs could significantly 
nmmalize sernm ALP activity to normal 
level. This effect appears to be related to 
the stabilization of membrane of 
Iysosomal granules21

• Prednisolone 
markedly reduced body weight gain and 
thymus weight whereas BS extract and 
diclofenac had no effect.These results 
reveal that BS extract does not share the 
steroidal-like activity on body weight 
gain and thymus weight. 
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The writhing response produced in 
animals by noxious agent can be used 
for screening of analgesic activity of test 
compounds and appropriate for studying 
either the peripheral or central analgesic 
mechanisms or both of test 
compounds22

. Algesia induced by an 
intraperitoneal injection of acetic acid (a 
noxious agent) causes the liberation of 
endogenous substances, i.e., W, K+, 5-
HT, histanune, PGs, braclykinin, 
substance P and other chemicals which 
excite pain nerve endings23

-
24

. BS 
extract, in a dose-dependent maimer, and 
diclofenac significantly and profoundly 
inhibited writhing response. However, 
BS extract and diclofenac did not have 
any effect, whereas codeine exerted 
pronounced inhibitory activity on the 
tail-flick test in nlice. This method 
produces intense pain and is specific for 
analgesic agents mediated their strong 
inhibitory effect via CNS pain pathway. 

Antipyretic activity is commonly 
mentioned as a characteristic of drngs or 
compounds which have inlubitory effect 
on PG synthesis25 

.. BS extract at the dose 
of 300 mg/kg and diclofenac 
significantly reduced rectal temperature 
at all assessment times. 

Since BS extract and diclofenac 
share similar anti-inflammatory, 
analgesic, and antipyretic effects in the 
models tested, and that its effects are 
different from prednisolone and codeine, 
taken together, its mechanisms of action 
could be postulated to be due to its 
inhibition on the synthesis and release of 
PGs as has been established for an 
NSAID like diclofenac. 

In summary, our study indicate that 
BS extract possesses anti-inflammatory, 
analgesic, and· antipyretic activities and 
that the mechmusms of these actions 
may be due to its inlubition on PG 
synthesis and release and its minor 
inhibitory action on other mediators. Its 
mechanism of action and the spectrnm 
of effects are ve1y likely resemble that of 
NSAIDs. 
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Abstract 

The objective of this study was to compare the bioequivalence of two 

formulations of biosimilar products, Espogen® and Eprex® in healthy Thai male 

volunteers administered as a single subcutaneous dose. This study was randomized 

crossover design with 3-week washout period. Serial blood samples were collected pre­

dose and over a period of 120 h after dmg administration. Plasma e1ythropoietin 

concentrations were determined by the ELISA. The pharmaco)tlnetic parameters were 

calculated by non-comprutmental analysis. Statistical analysis comparing the differences 

of the logarithmic transformed areas under the curve and maximal concentrations and the 

differences of time to maximal concentration (T111ax) of both formulations evaluated for 

bioequivalence by ANOV A togethei" with their 90% confidence intervals (Cl). The results 

showed that the median Tmax of Espogen® (14.0 h, range 8-24 h) was slightly slower than 

those of Eprex® (12.0 h., range 6-24 h) with the average median difference of 2.4 h (the 

acceptance limit was ±2.5 h). The average elimination half-lives (t112) of Espogen® 

(45.4±16.7 h) and Eprex® (43.0±14.l h) were comparable. Bioequivalence analysis 

showed the means (90% CI) for the ratio Test/Reference for AUC0-t. AUOw., and Cmax of 

1.11 (l.04-1.18), 1.13 (l.05-1.23), and 1.06 (0.95-1.17), respectively. These values were 

within the bioequivalence range of 0.80-1.25, thus, our study demonstrates the 

bioequivalence of the two prepru·ations. 

Keywol:ds: bioequivalence, biosimilar, recombinant human e1ytlu-opoietin alpha 
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hltrocluction 
Anemia is a common problem in 

patients with kidney disease. Anemia is a 
deficiency of hemoglobin, the protein in 
red blood cell that caiTies oxygen to all 
pmts of the body. Normally, the kidneys 
produce a hormone called erythropoi­
etin, or EPO, which stimulates the bone 
mairnw to produce red blood cells. 
Chronic kidney diseases, however, 
cannot produce adequate EPO and these 
patients develop anemia which lead to an 
increased risk of left ventricular 
hypertrophy, heart failure and cardiac 
mmtality1

'
2

• The anemia from low level 
of EPO is the anemia of end-stage renal 
disease (ESRD)3. In the past, blood 
transfusion therapy is the traditional and 
fastest method of relief symptoms of 
anemia. However, blood transfusion is 
associated with the possibility of 
transmission of vmious viral infections. 
Therefore, a recombinant EPO can 
minimize these problems and renal 
failure patients are most likely to 
respond to treatment with exogenous 
EPO. 

EPO is a glycoprotein hormone 
that stimulates erythrocyte proliferation 
and differentiation by interacting with 
specific EPO receptors on red blood cell 
progenitors. Endogenous EPO is 
produced by the kidney in response to 
tissue h~oxia m1d/or red cell mass 
reduction . It is produced by specific 
fibroblast like cells that line renal peri­
tubular capillaries of the kidney under 
the control of a single gene on human 
chromosome ?5·6. The gene product is a 
protein containing 193 amino acids, of 
which the fu·st 27 me cleaved during 
secretion. The final hormone peptide 
undergoes heavily glycosylated after 
translation and has a final molecular 
weight of approximately 30,000 Dalton. 
Once released, EPO distributes to the 
bone marrow, where it binds to a 
receptor on the surface of committed 
e1ytluoid progenitors ai1d is internalized 
to stimulate a rapid expansion of 
e1ythroid progenitors as well as induces 

27 

release of reticulocytes into circulation, 
thereafter, becomes erytlu·ocytes. 

In nmmal subjects, the ranges of 
plasma EPO levels vaiy from 3.3-13.5 
IU/L7

, 6-32 IU/L8 and 10-30 IU/L4
. In 

addition, changes in plasma EPO 
concentration are known to exhibit a 
circadian rhythm, with the lowest level 
at 08:00 a.m., then 42% increase at 
04:00 p.m. and 60% increase to the 
highest level at 08:00 p.m.7. The average 
EPO level in patients with chronic renal 
failure (creatinine clemance <40 
ml/min) is usually low due to loss of 
functional tissues and cells responsible 
for EPO production9

. 

Exogenous EPO for clinical use is 
produced by recombinant DNA 
teclmology and the name recombinant 
human e1ytluopoietin (rHuEPO) or 
epoetin is often applied to such products. 
Epoetin alfa, epoetin beta, epoetin 
gamma, and epoetin omega are rHuEPO 
derived from a cloned human EPO 
gene10

. All have the same 165 amino 
acids sequence but differ in the 
glycosylation pattern. Epoetin-alpha and 
epoetin-beta are available for clinical use 
in Thailand. Epoetin-alpha and beta are 
identical to endogenous EPO with 
respect to their peptide core amino acids, 
however, differ in glycosylation and 
contain a higher propo1tion of sialylated 
acidic cm·bohydrate residues 11

. The 
differences in their degrees of sialylation 
are associated with differences in their 
phannacokinetics and pharmacodyna­
mics. 

In Thailand, epoetin alpha is one 
of the best selling drngs. Since the cost 
of the innovator is quite high, the need 
for less expensive biosimilar products is 
increasing. Several phmmaceutical 
companies stmted developing alternative 
versions of this biologic product, 
referred to as a biosimilar rHuEPO after 
the patents covering the production and 
therapeutic use of epoetin alpha are 
expired. At present, epoetin alpha 
(Espogen®) manufactured by the LG 
Life Sciences Ltd., Korea, has been 
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marketed, however, the pharmacokinetic 
study of this biosimilar product is 
lacking. The study therefore set fmth to 
validate the bioequivalence of Espogen® 
to the innovator Eprex® in healthy Thai 
male volunteers. · If bioequivalence 
between the two preparations can be 
established, patients may gain access to 

Materials and Methods 

Drug formulations 

Brand name 

Epoetin Alpha (Pre-filled syringe) 
Eprex® 4000 IU/0.4 mL 

Biosimilar Epoetin Alpha 4000 JU 
Espogen® 4000 IU/0.4 mL 

Subjects 
Twenty healthy nonsmoking male 

volunteers, aged between 18-40 years 
and body mass index within 18-25 kg/m2 

were enrolled . in this study. All were 
deemed healthy based on medical 
history and physical examination. 
Routine blood test including CBC with 
differential, urinalysis, BUN, creatinine 
(Cr) and LFT were screened to exclude 
volunteer with abnormal hematological, 
kidney or liver functions. Volunteers 
with known hypersensitivity to human 
albumin products and/or mammalian 
cell-derived products were excluded as 
well as those with known history of 
cardiovascular, gastrointestinal, allergic 
and pulmonaiy diseases, renal or hepatic 
insufficiency, neurological or endocrine 
disorders, recent cigarette smoking, 
alcoholism or drng abuse. No other drug 
was allowed 2 months before and during 
the study period. The study protocol was 
approved by the Human Ethics 
Committee, Faculty of Medicine, Chiang 
Mai University. After given written 
infmmed consent, volunteers were 
enrolled to the study. 
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this product with lower cost. However, 
fmther clinical study is mandated to 
evaluate its efficacy and safety. 

The aim of this study was to 
compare . the bioequivalence of two 
formulations of 4000-IU EPO alpha after 
subcutaneous (SC) administration in 
healthy male volunteers. 

Manufacturer 

Vetter Pharma-Fe1tigung GmbH & Co. KG, 
Langenargen, Germany 

Imported by Janssen-Cilag Ltd. (Thailand) 

LG life Sciences Ltd., Korea 
Imported by Novatec Healthcare. (Thailand) 

Design, dosage and dmg 
administration 

The study was conducted as an 
open-label, randomized, single dose, 
two-formulation, two-sequence cross­
over design with a tlu·ee-week washout 
period. Equal numbers of volunteers 
were randomly assigned to one of the 
two sequence groups and each volunteer 
received a single dose of each of the two 
preparations. After completion of routine 
physical examination, volunteer received 
SC administration of single dose of 
either EJ?rex® or the test preparation 
Espogen in the upper aim by the same 
physician. Volunteers were instrncted to 
avoid strenuous exe1tion throughout the 
study period. Volunteers were required 
to refrain from taking other medication, 
drinking caffeine and alcohol containing 
beverages in order to standardize 
experimental conditions. An intravenous 
catheter connected to an injection plug 
was used for serial blood sample 
collections. On each study day, a total of 
14 blood samples (3 mL each) were 
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collected pre-dose (0 h) and at 2, 4, 6, 8, 
10, 12, 14, 16, 18, 24, 48, 72 and 120 h 
after dose administration. Plasma was 
separated promptly and immediately 
frozen at -20 °C until assay. 

Determination of plasma EPO 
concentrations 

EPO concentrations in plasma 
were determined by using Quantikine® 
IVD® Eiythropoietin ELISA (R & D 
System Inc., MN, USA). The standard 
curve concentration range was 2.5-200.0 
mIU/mL with the c01relation coefficient 
(r) of 0.95 or better and the lower limit 
of quantification was 0.6 mIU/mL. The 
inter-day assay was validated by 7 
repeating analysis of three levels of 
plasma EPO concentrations (low, 
medium, and high) of quality control 
(QC) samples. The accuracy of the 
measured mean values of QC samples 
was determined to be 87.73% for the 
low, 105.31% for the medium, and 
109.24% for the high QC samples, 
respectively. The precision (% CV) was 
determined to be 5.95% for the low, 
1.97% for the medium, and 1.89% for 
the high QC samples, respectively. 

Monitoring 
Complete blood count (CBC) was 

followed up at 120 h after dose 
administration. Volunteers were eligible 
to receive the second close if their 
hemoglobin and hematociit levels were 
within normal values. Blood pressure 
and heart rate were monitored before 
dose administration and at specific time 
points of blood draw. Volunteer were 
asked to report symptom of adverse 
reactions including allergic reactions 
such as rash, swelling of face or itching. 

where 
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Pharmacokinetic analysis 
Maximal plasma concentration 

(Cmax, mU/mL) and time to reach the 
peak concentration (T max, h) were 
obtained directly by visual inspection of 
each volunteer's plasma concentration­
time profile. The area under the plasma 
concentration-time curve (AUC) from 
time 0-infinity (AUC0-w, mU.h/mL) and 
half-life (t112, h) were determined by non­
comprutmental analysis. The slope of the 
terminal log-linear portion of the 
concentration-time profile was 
determined by least-squares regression 
analysis and used as the elimination rate 
constant (Ke). The elimination t112 was 
calculated as 0.693/Ke. The AUC0_1 from 
time zero to the last quantifiable point 
(C1) was calculated using the trapezoidal 
rnle and extrapolated AUC from C1 to 
infinity (AUC1-w) was determined as 
Ct/Ke. Total AUC0-w was the sum of 
AUCo-t + AUC.-w. The calculation was 
pe1formed by using the TopFit, 
pharmacokinetic data analysis program 
for PC. 

Statistical analysis 
An analysis of variance (ANOV A) 

was pe1fonned to determine the 
statistical differences of pharmaco­
kinetic parameters (AUC0-w, Cmax, and 
Tmax) which represent the extent and rate 
of drng absorption. Statistical analysis of 
AUCo-t. AUC0-w and Cmax were 
pe1formed on the logarithmically (ln) 
transformed data. The 90% confidence 
interval (CI) for the ratio of AUC as well 
as Cmax values of tt\e test prepmation 
over those of the reference product was 
estimated using the following equation 

{2S2 
v-;;-

- X T and X Rare the observed means of the (ln) transformed pru·ameters (either 
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Cmax or AUC) for the test product (T) and the reference product (R) 
- S2 is the error variance obtained from the ANOV A 
- n is the number of volunteers 
- tvo.1 is the tabulated two-tail t value for 90% CI 
- v is the number of degree of freedom of the error mean square 

The antilogarithm of the CI (~li-µR) expressed the bioequivalence as a ratio of test 
and reference [µThtR or Test/Reference]. 

Bioequivalence acceptance 
criteria 

The bioequivalence acceptance 
criteria require that the 90% CI for the 
ratio Test/Reference of the AUCo.i. 
AUCo-0'), and Cnax fall within the interval 
of 0.8-1.2512

•
13

• The bioequivalence 
acceptance criterion of T 111ax requires that 
the T111a.~ difference between test and 
reference products lies with the ±20% of 
the T111ax of the reference product. 

Results and Discussion 
Twenty healthy Thai male 

volunteers aged between 19-40 y old and 
the body mass index within 18-25 kg/m2 

pruticipated in this study. All volunteers 
completed the study without any serious 
adverse events and were well tolerated to 

SC injections of both Espogen® and 
Eprex®. 

The mean baseline EPO 
. ® ® concentrations for Espogen and Eprex 

were 3.92±2.24 (range 2.50-9.98) and 
3.98±2.44 (range 2.50-11.16) mU/mL, 
respectively. The mean values repmted 
in healthy subjects were ranged from 
3.3-13.5 mU/mL7

• The baseline 
endogenous levels of erythropoietin for 
each volunteer were not statistically 
significant different (p>0.5). The 
phrurnacokinetic parameters of EPO and 
the mean plasma concentration-time 
profiles after SC administration of the 
test and the reference products are 
shown in Table 1 and depicted in Fig. 1, 
respectively. 

Table 1 Comparison of EPO pharmacokinetic parameters after single SC 
administration of 4000 IU Espogen® (T) and Eprex ® (R) 

Pharmacokinetic Reference product Test product 
parameter (Eprex®) (Espogen®) 

Cmax (mU/mL) 48.23±24.21 48.54±14.66 

Median Tmax (h) 12.0 (range 6-24) 14.0 (range 8-24) 

AUCo-0') (mU.h/ml) 2849.44±973.89 3134.55±695.25 

t112 (h) 43.0±14.1 45.4±16.7 
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After SC administration, the EPO 
plasma concentrations increased slowly. 
The median Tmax of Espogen® (14.0 h, 
range 8-24 h) was slightly slower than 
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those of Eprex® (12.0 h, range 6-24 h) 
with the mean for T 111ax difference of 2.4 
h (bioequivalence range ±2.5 h) (Table 
2). 

Table 2 The means and 90% CI of AUC 0-1> AUCo-<J'.), Cmax and Tmax 

Pharmacokinetic parameter 

AUCo-t (Espogen®/Eprex®) 

AUC0-<J'.) (Espogen®/Eprex®) 

Cmax (Espogen®/Eprex®) 

® . ® Tmax (Espogen -Ep1ex ·) 

The range of Tmax values in this 
study were comparable to those values 
reported in the literature (8-24 h14

). The 
delay in absorption after SC route 
resulted in sustained EPO concentrations 
above baseline levels for 72 h for both 
preparations. The mean elimination t112 

and the Ke of Espogen® (45.4±16.7 h, 
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1.11 

1.13 

1.06 

2.40 

60 

90%CI Bioequivalence 
limit 

1.04-1.18 0.80-1.25 

1.05-1.23 0.80-1.25 

0.97-1.17 0.80-1.25 

- ±2.54 h 

0.0170 lf1
) and Eprex® (43.0±14. l h, 

0.0176 h-1) were similar and were 
comparable to those values reported 
previously (6.94-48.27 h)15

• The mean 
plasma concentration-time curves of 
Espogen® and Eprex® were also 
comparable (Fig. 1). 

-o- Espogen 

---+-- Eprex 

80 100 120 140 

Time(h) 

Figure 1 Mean plasma concentration-time profiles of EPO after single SC 
administration of 4000 IU Espogen ® (-o-) and Eprex® (- + -). 
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The relative bioavailability CFre1) of 
Espogen®/Eprex® calculated from Cmax• 
AUCo-1 and AUC(}<IJ were 109%, 112% 
and 116%, respectively (Table I). From 
the ANOV A analysis, the residual inter­
subject variability in the AUCo-1, and 
AUC(}<IJ were significant different 
(p<0.001). These findings were expected 
since some volunteers exhibited either 
extremely high AUC values (volunteers 
No. 3 and 7) or extremely low AUC 
values (volunteers No. 13 and 17). The 
intra-subject coefficient of variation (% 
CV) estimated from S2 obtained from 
the ANOV A after logaritlunic 
transformed, for the AUCo-i. AUC(}<IJ and 
Cmax were 12%, 15% and 19%, 
respectively. According to the 
nomograms and tables of Diletti 16, the 
power of test obtained from this study 
for AUCo-i. AUCO<O and Cmax were 90%, 
80% and 80%, respectively for the 
sample size of 20. The average Cmax of 
Espogen® (48.54±14.66 mU/ml) and 
Eprex® (48.23±24.21 mU/ml) were not 
significant difference with the mean 
(90% Cl) of the ratios Test/Reference of 
1.06 (0.95-1.17). Similarly, the extent of 
absorption of both preparations was 
bioequivalent based on the mean (90% 
Cl) of 1.11 (l.04-1.18) and l.13 (1.05-
1.23) for the ratios Test/Reference of the 
AUC0 .i. and AUCO<J:i, respectively (Table 
2). These values were within the 
bioequivalent range. The ANOV A 
showed no statistically significant 
differences between the AUC and Cmax 
values with respect to formulation 
effects of both preparations. We 
therefore conclude that Espogen ® is 
bioequivalent to Eprex® with respect to 
the rate and extent of absorption. 
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Abstract 

The bioequivalence study of a generic 850-mg metformin hydrochloride tablet was 

conducted in 26 healthy Thai males. The test product manufactured by GPO, Bangkok, 

Thailand and the reference product, Glucophage® were administered as a single dose, 

randomized, crossover design under fasted condition, with l week washout period between 

each treatment. Serial blood samples were collected over a period of 30 h. Plasma metformin 

concentrations were measured by a high performance liquid chromatography with UV 

detection. The pharmacokinetic parameters obtained after non-compartmental analysis were 

statistically evaluated for bioequivalence using ANOV A. The median Tma.~ of the test (2 h) 

and the reference (2.25 h) products were comparable and the mean for the Tmax difference of 

-0.10 h was within the bioequivalence range of ±0.48 h. The ANOV A showed no statistically 

significant differences between the test and the reference based on the 90% CI for the ratios 

Test/Reference of 1.09 (l.04-1.16), I.IO (l.04-1.16), and 1.12 (1.04-1.20), respectively for 

AUC0-i. AUCo...,, and Cmax· These values were within the bioequivalence range of 0.80-1.25, 

thus demonstrated the bioequivalence of the two preparations. 
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Introduction 

Metformin hydrochloride is an oral 

hypoglycemic drng approved for the 

treatment of type 2 diabetes. The drng has 

been widely used for more than three 

decades and is one of the two oral 

hypoglycemic agents in the World Health 

Organization (WHO) Model List of 

Essential Medicines in 2007 (the other 

being glibenc1amide)1
• It is the first-line 

drng for diabetes, particularly m 

overweight and obese patients and those 

with normal kidney function2
•
3

• ln addition, 

it is the only antidiabetic drng that has 

been proven to reduce the cardiovascular 

complications of diabetes in a large study 

of overweight patients with diabetes4
• 

Metformin acts by decreasing hepatic 

glucose production, decreasing glucose 

absorption, and increasing glucose uptake 

into skeletal muscle. The use of metformin 

monotherapy has not been associated with 

hypoglycemia, however can lower 

hemoglobin A1c by 1.5 to 2%, and 

decrease triglyceride concentrations, as 

we11 as total and LDL cl1olesterot3-5. 

Metformin is also being used in polycystic 

ovarian syndrome6
, non-alcoholic fatty 

liver disease7 and premature puberty8. 

Metformin is absorbed mainly from the 

small intestine. The drug does not bind to 

plasma proteins and is rapidly excreted 

unchanged in the urine with a half-life 

(t112) of about 6 h. The recommended daily 

dose is 2.5 g given three times a day with 

mea1s3
. The common adverse effects are 

gastrointestinal symptoms9
-
11

, which will 

be relieved by dosage reduction and rarely 

require discontinuation of treatment. 

Lactic acidosis can occur, but is extremely 

rare (occurrence of 3 cases per 100,000 

patient years) 11
• 
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Recently, a generic preparation of 

metfonnin has been developed for clinical 

use. Although a generic and the reference 

preparations contain the same amount of 

the same active ingredient, they may differ 

from each other by manufacturing 

processes as well as content of excipients, 

which may affect the rate and extent of 

drng absorption. Therefore, the 

bioequivalence testing is mandated to 

confirm the bioequivalence between the 

generic and the reference preparations in 

human subjects. The rationale behind the 

concept of bioequivalence is that if two 

pharmaceutical products provide identical 

plasma concentration-time profiles, they 

will exhibit no difference in their 

efficacy12
. 

The objective of this study was to 

determine the bioequivalence of a generic 

850-mg metformin hydrochloride tablet 

with the reference preparation in healthy 

Thai male volunteers. 

Materials and Methods 

Drug formulations 

Reference product: Glucophage® 850-mg 

tablet (OLIC Thailand) Ltd, Ayudhaya, 

Thailand, (under the license of Merck Sante 

s.a.s., FRANCE). Distributor: Merck Ltd. , 

Bangkok, Thailand. Lot No. 806001, MFD 

29/01/08, EXP29/0l/12). 

Test product: Metformin hydrochloride 

850-mg tablet manufactured by The 

Govenunent Pharmaceutical Organization 

(GPO), Thailand. Lot No. R51029, MFD 

24/02/08, EXP 24/02/ 10. 

Subjects 

Twenty-six healthy nonsmoking male 

volunteers, aged between 18-50 years old 
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and body mass index ranged from 18-25 

kg/m2 were enrolled in this study. All were 

deemed healthy based on medical histo1y 

and physical examination. The results of 

ECG and routine blood test including 

complete blood count with differential, 

FBG, blood urea nitrogen, creatinine and 

liver function test must be within nonnal 

limit or showing no clinically significant 

abnormalities in the opinion of clinician 

investigators. Volunteers with known 

contraindication or hypersensitivity to 

metformin and its exc1p1ents were 

excluded as well as those with alcoholism 

or drng abuse. No other drng was allowed 

1 month before and during the study 

period to avoid the effects of drng 

interactions. The present study was 

approved by the Research Ethics 

Committee of the Faculty of Medicine, 

Chiang Mai University, Thailand and all 

volunteers signed the informed consent 

form prior to pm1icipating in the present 

study. 

Study design 

The study was conducted as an open­

label, randomized, single dose, two-period, 

two-sequence, crossover design. 

Volunteers were admitted to the Clinical 

Unit in the evening before the study day 

and fasted overnight for at least 8 h. In the 

morning of the study day, FBG levels 

were detennined before dose 

administration using the Accu-Chek 

Advantage meter (Roche Diagnostics) and 

volunteers were enrolled, if their FBG 

levels were >40 mg%. Volunteers were 

given one tablet of either Glucophage® or 

the test preparation with 240-mL 20% 

glucose solution and were fasted for 2 h 

thereafter. Glucose solution and lunch 

Thai J Pharmaco/; Vol 31: No 2, 2009 

were served at 2-h and 4-h post dose. After 

a washout period of 1 week, volunteers 

were administered the other brand of the 

study drng in the same manner. Identical 

meal and fluid were served during the two 

study periods. Blood pressure, herut rate as 

well as clinical symptoms of hypo­

glycemia were monitored eve1y hour 

during the first 4 h after dose and before 

each time point of blood samples 

collection (at 0 h and 0.5, 1, 1.5, 2, 2.5, 3, 

3.5, 4, 4.5, 5, 5.5, 6, 8, 10, 14, 24 and 30 h 

post dose). The blood samples were 

centrifuged for 10 inin at 3,000 rpm to 

separate the plasma, and the plasma 

samples were immediately kept at -20 °C 

until assay. 

Determination of metfonnin 

concentrations in plasma 

The assay was operated usmg a 

high pe1formance liquid clu-omatography 

(HPLC) with UV detector set at 234 nm13
• 

The chromatographic system consisted of 

a 150 x 4.6 mm i.d., 5 µm C8 analytical 

colunm and a 10 x 4.0 mm i.d., 5 µm 

guru"d column. The mobile phase was a 

inixture of 10 mM NaH2P04 and 10 mM 

sodium dodecyl sulphate (pH 

5.1)/acetonitrile (500/250, v/v). The 

system was isocratic operated with a flow 

rate of 1.0 mL/min at 25 °C. The 

extraction of metformin and internal 

standru·d (phenytoin) (IS) in plasma was 

prepru·ed by protein precipitation before 

injected into the HPLC system. 

Chromatogram of blank plasma did not 

have interference with the peaks of 

metformin and internal standard (Fig. lA). 

Metfonnin and IS were clearly separated 

at the retention time of 8.1 and 9.7 Inin, 

respectively (Fig. lB). 
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The linear regression analysis 

between metformin concentration with the 

peak height ratios of metformin and IS 

over the determination range of 25.0-

4,000.0 ng/mL gave the coll'elation 

20 

1:2').tr.'T\ r' 
- rr'ri 

c.cpl3-t00 
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determination (r2) of 0.999 or better. The 

lower limit of quantification (LLOQ) was 

25.0 ng/mL with the accuracy (average%) 

20 =:"'" "J \\fl .. 
--------~------~--

-.-~-.---.~~~--~~ 
6 7 8 10 

Time(min) 

Figure lA Chromatogram of blank plasma. 

10 10 

·10 , ............ ,-~-~~~~~---.--~--~-~-~---r---1--10 

2 10 11 12 

Time( min) 

Figure lB Chromatogram of metformin 4000 ng/mL and IS (phenytoin) from human 

plasma sample. 

and precision (average CV, %) of 97.55 

and 9.63, respectively. Five sets of quality 

control samples spiked at 3 different 

concentrations of metformin were 

analyzed for intra-day assay validation and 

on three separate days for inter-day assay 

validation. The accuracy and precision of 

intra-day assay validation were 100.89% 

and 5.39%, respectively and 99.49% and 

3.72%, respectively for inter-day assay 

validation. The mean recoveries of 

metformin and internal standard from the 

determination procedure were 97 .14% and 

95.57%, respectively. 

Phannacokinetic parameters 

measurement 
Maximum plasma concentration 

(Cma.x) and time lo reach the peak 

concentration CTmax) were obtained 
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directly by visual inspection of the plasma 

concentration-time profile. The area under 

the plasma concentration-time curve from 

time 0-infinity (AUCo.,,,) and t112 were 

detennined by non-compartmental 

analysis. The slope of the terminal log­

linear portion of the concentration-time 

profile was determined by least-squares 

regression analysis and used as the 

elirnination rate constant (Ke). The 

elimination t112 was calculated as 0.693/Ke. 

111e AUCo.i from time zero to the last 

quantifiable point (Ci) was calculated 

using the trapezoidal rnle. Extrapolated 

AUC from Ci to infinity (AUCi.,,,) was 

determined as Ci/Ke and total AUCo.,,, was 

the smn of AUCo-i + AUCi.,,,. The 
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calculation was performed by using the 

TopFit phannacokinetic data analysis 

program for PC14
• 

Statistical analysis 

An analysis of variance (ANOV A) 

was used to determine the statistical 

differences of the pharmacokinetic 

parameters. Statistical analyses of AUC0-1i 

AUCi.,,,, and C.na.x were pe1formed on 

logarithrnically (In) transformed data, 

thereafter, using the variance estimate (S2
) 

obtained from the ANOV A, the 90% 

confidence intervals (Cl) for the ratio 

Test/Reference of AUC0-1i AUCi-00, and 

Cma.x were calculated using the following 

formula: 

- - v ~S2 90% CI (µ.-~IR) = ( x Ix R) ± t 0.1 -
II 

- X rand X Rare the observed means of the (In) transformed parameters 

(either Cmax or AUC) for the test product (T) and the reference product (R) 

- S2 is the en-or variance obtained from the ANOV A 

- n is the number of subjects 

- tvo.1 is the tabulated two-tail t value for 90% CI 

- v is the number of degree of freedom of the error mean square from the ANOV 

The antilogarithm of 90% CI (µ1-µR) 

expresses the bioequivalence as a ratio of 

the test product and the reference product. 

Analysis of Tma.x was expressed as 

untransformed data. 

Bioequivalence acceptance criteria 

The bioequivalence intervals of 0.8-

1.25 for the ratios Test/Reference of the 

average AUC and Cmax are accepted by 

the Thai FDA 12, whereas the stipulated 

bioequivalence range of Tmax difference 

[Test-Reference] is ±20% of the Tmax of 

the reference formulation 15
• 

Results and Discussion 

All volunteers completed the 

study without any serious adverse event. 

However, on study day 1, volunteer No. 

7 felt dizziness and light-headedness 

after being inserted an intravenous 

catheter in a sitting position. His FBG 

was 100 mg%. His blood pressure and 

heart rate were 124/88 mmHg and 71 
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beats/min before catheter insertion and 

were I 04/60 mmHg and 59 beats/min 

(regular rhythm) at the time he had 

symptoms. He was diagnosed as 

vasovagal fainting and was put in a 

horizontal postme. His ECG was nonnal 

sinus rhytlun. After I 0-20 min, he felt 

better and did not want to withdraw from 

the study. The study medication was 

given to him 30 min after the catheter 

was inserted and he had to lie down for 4 

h after the dose due to light-headedness 

and nausea. After lunch ( 4 h after close) 

he had no abnormal symptom and 

continued normal activity. Volunteer No. 

17 had mild light-headedness at 3 h after 

the close on study clay l despite his 

normal blood pressure and heart rate , and 

his blood glucose of 73 mg%. His 

symptom resolved after lunch. Volunteer 

No. 16 had asymptomatic elevated liver 

enzymes on post study visit (study clay 

13). His baseline AST and ALT were 27 

and 23 unit, and were elevated to 883 

and 196 unit, respectively. The liver 

enzymes were followed up on s tudy clay 

16 (AST= 202 unit and ALT = 13 1 unit) 

and returned to norm al values on study 

clay 25 (AST = 22 unit and ALT = 28 

unit). Table 1 illustrates me tformin 

pharmacokinetic parameters including 

Cmax. Tmax. AUCo.oo, and t112 of the 

reference and the test products, 

respectively. In addition, their mean 

plasma metformin concentration-time 

profiles are depicted in Fig. 2. T he 

means of t112 of the test (3.31±0.55 h, 

range 2.20-4.85 h) and the reference 

products (3.52±0.34 h, range 3.00-4.54 

h) were not significantly different and 

were comparable to those values 

reported in the literatme (average t112 of 
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3.1±0 .7 h)16. The Tmax for the test and the 

re ference products were 2 h and 2.25 h, 

respective ly. The Tmax obtained from this 

study were also similar to those values 

previous reported in the Ii terature (Tm ax 

of 2-3 h)13•16. Moreover , the Tmax of both 

preparations were not significantly 

different and the Tmax difference of -0.10 

h was within the bioequivalence range of 

±0.48 h (Table 2). The means (±SD) of 

Cma.x. AUC0 .1 and AUC0 -<0 of the test 

produc t were not significantly different 

from those of the reference counterpa1t 

(Table I). The relative bioavailability CFre1) 
calculated from Cma.x and AUC was 114 % 

and 111 %, respectively. From the 

ANOV A after logarithmic transformed 

data, the inter-subject variability of the 

AUC and Cma.x was significantly high 

(p<0.05). These findings were expected 

since some volunteers exhibited either 

extremely high or extremely low values of 

AUC and C.n.'lx· However, the intra-subject 

coefficients of variation (% CV) estimated 

from S2 were 12% and 15%, respectively, 

for the AUC and C.mx. therefore, the 

calculated power of test was >80%17. The 

AUC analysis showed that the sampling 

time was adequate and the calculated 

AOC-extrapolation was less than 20%. 

Bioequivalence analysis (Table 2) showed 

no signi ficant difference between the two 

preparations. The means (90% Cl) ofthe 

ratios Test/Reference for AUCo.i. AUC0.oo 

and Cma.x were 1.09 (1.04-1.16), 1.10 

( 1.04-1.16) and 1.12 (1.04- 1.20), 

respectively. These values and the value of 

Tma.x difference were within the 

bioequivalence range, thus, our study 

demonstrated the bioequivalence of the 

two preparations. 
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Table 1 Comparison of metformin pharmacokinetic parameters after single oral 

administration of 850-mg metfonnin hydrochloride of the reference 

(Glucaphage®) and the test products 

Pharmacokinetic parameter Reference product Test product 

C.nax (mU/mL) 2532.39±688.49 2798.52±588.88 

Median Tmax (h) 2.25 (range 1-4) 2.0 (range 1-4) 

AUCo-00 (mU·hlml) 14065.67±2754.49 15440.55±3103.47 

t112 (h) 3.52±0.34 3.31±0.55 

Table 2 The means and 90% CI of Test/Reference ratios of AUCo-00 and Cmax and Tmax 

difference with their acceptable ranges 

Pharmacokinetic Mean 90% CI Acceptable range 

parameter 

AU Co.1 (Test/Reference) 1.09 1.04-1.16 0.80-1.25 

AU Co-00 Test/Reference) 1.10 1.04-1.16 0.80-1.25 

C111ax (Test/Reference) l.12 1.04- 1.20 0.80-1.25 

Tma.~ (Test- Reference) -0.10 - ±0.48 h 
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Figure 2 Mean (±SD) plasma concentration-time profiles after single oral dose of 850-
mg metformin hydrochloride of the test and the reference product 
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Herbal - Drug Education of Medical Cadets in Preclinical 
Integrated - Curriculum 

Nisamanee Satyapan, Supen Patarakitvanit, Jeeranut Tankanitlert, Thishnapha 
Vudhironarit 

Department of Pharmacology, Phra111ongk11tklao College of Medicine, Bangkok 

Abstract 

Department of Pharmacology, Phramongkutklao College of Medicine inserted 
the knowledge of herbal drugs, officially listed in the current version of " Thai 
National List of Essential Medicines" or EM. in preclinical integrated - curriculum 
by using self -directed learning and report writing as the teaching and evaluation 
methods. Thus, efficiency of such learning experiences were investigated as 
descriptive study by using questionnaire to obtain the behavior, opinion and 
knowledge of 8 herbal drugs of medical cadets and to use these information to revise 
lesson plan in the curriculum of the institute. A total of 300 questionnaires were 
distributed to all preclinical medical cadets who were enrolled in integrated -
curriculum in 2008-2009. Data were analyzed and classified according to each herbal 
drugs as well as knowledge background of each student. 290 (96.66%) of 
questionnaires were collected. The finding revealed that the majority of medical 
cadets received knowledge of herbal drugs from mass media (58.62%) and briefly 
self-study (58.28%), respectively. Almost half of the students ( 47.59 %) bought 
herbal drugs from drugstore. More than half of all students (61.72%) were willing to 
use herbal drugs as prescribed by doctors for some mild illness. The three most well­
known herbal drugs among medical cadets were Andrographis panic11/ata or "fah-tha­
lai-jon", ginger and Centella asiatica (60.69%, 52.07% and 41.03%), respectively. 
On the other hand , the least known items were Senna a/ata, Cli11aca11tlrns 11uta11s 
and Zingiber casswmmar respectively. As for their indication aspect, listed in EM., 
only 5 out of 8 herbal drugs were well-known by medical cadets . They were ginger 
(69.66%), A11drographis panicu/ata (56.21 %) , Zi11giber cass1m1111wr (43.45 %), 
turmeric (39.31 %) and Cli11acant/111s 1111ta11s (17.59 %). While 3 out of 8 herbal drugs 
were well-known for their indication, unofficially listed in EM . They were 
Cli11acant/111s 11uta11s (15.86%) , Centella asiatica (22.07%) and chili (42.41 %). 
Besides, some indications listed in EM of well-known items ,such as A11drographis 
pa11ic11/ata were not widely known (5.52 %) by the respondents. Therefore, it 
appeared that the teaching methods in the present study were not adequate to 
encourage the majority of students (>80%) to gain knowledge about herbal drugs as 
well as to feel confident to use herbal- drug items properly. Thus, we suggest that 
those who were responsible for the curriculum in every levels (preclinical, clinical 
department and ministry) should pay attention to develop the appropriate learning 
experiences for knowledge of herbal-drug items 

Keywords : herbal drugs, preclinical integrated - curriculum, learning experiences 
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DRUG EVALUATION 

Clinical Pharmacology of Fosphenytoin 

Chaichan Sangclee 

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

Abstract 

Although phenytoin is well accepted to be effective in the treatment of 

epilepsy, it poses several limitations when given as intravenous (IV) loading doses 

such as poor aqueous solubility, incompatibility with saline and dextrose solutions. 

Intramuscular (JM) injection of parenteral solution of phenytoin is not recommended 

because it is erratically absorbed by this route and its solution is highly alkalinic (pH 

12) leading to injection site reactions. In addition , its solution contains 40% propylene 

glycol and 10% ethanol resulting in adverse cai:diovascular and central effects. 

Fosphenytoin, a prodrng of phenytoin has been developed to minimize these 

disadvantages and offers several benefits over the original parenteral phenytoin 

solution. Fosphenytoin is readily soluble in water and is compatible with saline and 

dextrose solutions. It causes minimal injection site reactions and is rapidly converted 

by phosphatases in plasma to phenytoin. It is prescribed as phenytoin equivalence 

(PE) and no dose conversion is necessary. It also offers option of infusion rates as 

deemed necessary in different clinical situations and generally can be infused at 

higher rates (50-150 mg PE/min) than IV phenytoin (maximum rate of 50 mg/min), 

hence shorter infusion time. The times to reach plasma therapeutic unbound and total 

phenytoin concentrations with 150 mg PE/min infusion of _fosphenytoin are 

comparable to 50 mg/min infusion of phenytoin whereas infusion of fosphenytoin at 

the rate of l 00 mg PE/min is matched with 30-40 mg/min infusion rate of phenytoin. 

IV fosphenytoin produces less cardiovascular complication but more pruritus and 
" paresthesias localized to the groin, buttocks and face than IV phenytoin. IV 

fosphenytoin is indicated for status epilepicus following IV diazepam for prolonged 

control of seizures. Fosphenytoin can also be injected intramuscularly since it is 

readily absorbed with bioavailabilty approaching 100% but it takes longer time to 

reach therapeutic levels than IV phenytoin or IV fosphenytoin . IM fosphenytoin offers 

advantages in non-emergent seizures or in situations where establishment of IV access 

is problematic or facilities for cardiac minitoring are not readily available. IM 

fosphenytoin may be safer than IV phenytoin or IV fosphenytoin in patients with 

existing cardiac disease or who are hemodynamically unstable. IM fosphenytoin 

rarely produces paresthesias or pruritus. 

Keywords: fosphenytoin, Status epilepticus, loading dose 
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"' V "'o~qSI .,~ "' SI 

nl'if!VI diazcpam l'U1l11.:illfltJVl!fttJVlmU'IO L11{1'11Jl'iflfl1Uflll01n1'i'llnllJ\111ft1U1lJ {1'1Jll'iflf!VI fosphenytoin l'IJl .. . . 
1' .. 'l 11 .. d 'l1' ' ,, 1 " .. ., 1 ,, 1 ., ' 1,, nn1unrn m1rn.:i\l1na1ff1lll'iflQO~~'ll 1J mm~ 1191910.:i 'llnm11'J:::viua1 mm um'i'lnmmum1nu nu1m.:i 

11t1vvi1tivmh n1'i\lV1 fosphenytoin 1cU'1nt1'1111if v liiJ'i :: 1u'llu1u 'i1a~nwfo 'hJ1'1i mru ~ niil1mri9"0.:im'i 

. I "" ..,, 1 ., d "" 1 a.d'l ' .i::s ,.. ~ o 'l,, 'l ' .ct .... I ~ " o .., u'i::ml1ir-lfl 1ln1550lJ1!'i111'itJ lJO'i flm 1Jff1ll1'iflflV!fJ1l'U11HltJVl!lltJVlm VI 1llJQuO'ifll\'l'itJlJff1ll'i1Jn1'i 

a • I "" 
0 

., 1 "' "" SI .'I 'l 0 
., U '11' "' 91Vl911llllrl::u'j::nrnr-rn'UV.:ifJ1VltJ'i::1JU111 \lUtt::lltttJVll~tJVI ll'iflljU1fJ 1Jff1lJ1'ifl'i1J 'i ::ll11W1 VI Ol'if!VI 

, JI j/ .: QI t .c:;I -:!I ,, ~ 0 1 )11 dc1 
fosphenytom l'Ulfifl1JJ11rn1l::'ll~omwn11mrnvi phenytoin irrn fosphenytoin l'U1l11.:illfltJVllfttJVlm Wjil1um1 

OJ ~ d \ ~ .C. \I I d I I V .ct SJ P ,: sJ~ 
irn1111\lmtJJJfffl1\J::'UU.:J'i::uu hrnnuu im191 lJl{l'flU'ifl~flmmtt 1 mrnvi fosphenytoin 1'U1nn1rnuvth1mn~ 

01m'iti'1~1m::iJ1m1mi1b~fo1~tl'umnn 

fi 1li1fi~ : fosphenytoin, Status epilepticus, loading dose 
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mnh 

Phenytoin 1ll1Jtn'.i::Smnnl'J'lltN 1rn 

., d1" "' ~I " '1lJ'J1f)'Yl 'lff)'\.llJ11ull1 1 '11ll11JU'11 ,, 
tl'.i ::~'Yl1i M'1'lJt1-:ifJ1il1 ll n1'.i '.i :: ~'1Jt11n1'.i'Ut:1-:i 

1 HI '1 lJ <if n 'l1 ii~ generalized tonic-clonic, 

simple partial, complex patiial, myoclonic 

u":: 'lfii ~ ~ iJ ci 1 ll t.1 ~ fJ t1iii'uniJ1~fJiii'1 11 tl 
ff 1ll11-ay u ~ 1 phenytoin \1 :: 1 ~11J t tl 'lJ t:l 'I 
urttlciimhni'ui'utl'.i::'Yl1ll Phcnytoin U'-:i}jrn 

QI ~ ,,_,, .d £t 
'.i:::'l'Utllnl'.i status epilepticus nrn~u1fJ'Ylll ,, . 
tJ1f11'.icifncif1(i1fit1m'HllJ (acute repetitive 

seizures) mh-:i
1
l '.i nmll t111vi'5 t1mi111 i'uu~ 

"' " 'J} • I 'lJ ti 'I phenytoin lJ 'lJ ti VI ti fJ 'H "1fJ1J '.i ::: f11 '.i 
' ,, 

n'l t:1-:i'11n (1) Phenytoin '1::'1w1l 1
1

l~1Y t1fJmn 

..,, 'J} 1" \"l'l~tl'I 'lf propylene glycol, W'Yl1lltJ'1 1rn:: 

1'111~ttll~ttmtJn 
1

l'lf~lllm'.in1'1::mt1 i111irm ,, 
11?1'5 fJirrl111i'tJu viirnm1lJ1-t11J~1-:i"J -:i (pH 12) 
~ c:a ~ ,.I 
1:1-:im~mmn::mm~W'l 1J1~ phlebitis (m'.i ,, 
fl'mtYU'llt1'l'H'1t1~1~uvi~1) ri-JJ 1rn :::1ilt1mfJ . ,, 

"" d d (4,5) d d ll I 'J/ °' 
U'.i11ill'Ylfl~tl1 11" ::: fJ11\ll'.ifJlJ'\.l lH'lJ1f)U 

0 QI .d. Ct. 

tY 1 'H '.i 'IJ fl ~ 'lJ t:l 'I phenytoin U '1 :: I f) ~ n 1'.i 

.1 11 M6J 9lf19l::nt1'\.l'llll ~ (2) Propylene glycol 1m::m 

'Yl1lltl'11llt1111?1'5 ttirrl111i'uu~'llt1'1 phenytoin 

ri -:ir·mltrfJ~tJ'.i ::: U'IJ l111 \1U'1:: 'H'1t! Vl 1~ t!VI 1 ~fj 

~ 

ri-:ir-rn1ift11vimtY1m1'Ylil phenytoin lllmrn~ 

'.i::'IJ'IJtl'.i::tY1'Yltr1t.1nm-:i (3) m'.iu ~w11vi'5fJll 
jJ O I j} \l I Q d 

phenytoin Vltl'l'Yl1tlt1Wlf1ci lJlf)ll 50 l.Jf)/1J1'Yl 

(8-9) " d ?I I ...! 
tl1 \!VI ti 'l'H Q~ 01'.i fl~ tl111J 1J 'lf1 '1ci I l'I t:l 

'11~ f)l~ tJ'l'l1 ~ ij 'IJ '.i'.i l'Yl 1fl'1
1
lil11-:itl '.i :: ""'lrl~ 
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ii~mmn:::mmfi tJ'l1rn::tl1vitJ 1 nru ~ u l'lfJ1 

d O 1 "-1 4 4 Ct. I jl 
'lf'l'Yl1 '11u'.i :: 'C'l'Yl1!N'1'lltl'lfJ1m~m'!f11m :: (4) 

fJ11VI~ ttllrlmi''IJ~ ~'lltJ'I phenytoin 
1
liiuu::il1 

,, . 
fJ1uii :: 1Fi~1ilt1m fJ'IJs nrn 'ii fi ~ fJ1r

101 
u'1:: m'.i 

~~cl1llfJ1\1 ::~1mmm::1~tJot1 'lil'l~111 •1 21 '11n 
"P QI I,, Vc:t.:t QI 

'lJ ti ~ltl fJ~ 'In '111'll1 'I VllJ \1'Il.Jf11'.i1HlllJ 1 fJ1 ,,, 
d 0 QI -=! & 1 '"' 1m v:umm 'IJfl Vl'll1Jll1 mm ti fosphenytoin 

Fosphenytoin 1llll prodrng 1llttl'llt!'I 

phosphate ester 'llt:l'I phenytoin 1m::~n'C'lmfJ 

I d1~ ~~I 'j} 

tltl 1'1'.i 1 Vll '.i 1 ll1" tJ VIU'1::1'\.l tJ WtWlHci \?l 1fJ 

il " 1 v;1 .J m1J 'lflJ phosphateses 11!1Jll phenytoin 'lf'I 

1-Till i tl~tJijf)(j'YltlJ, ! 4) citl~ 1) Fosphenytoin 
' d. j} .ct.r=t ~ I ... I 

lJ'llt!Vl'Yll'Hllt:ln11 phenytoi.n '11'11fJu'.i:::m'.i (I) ,, ,, 
o ll Yd o 0 OJ 

Fosphenytoin ii::'11fJ1J1 vi~mn ll1fJ1'C'ITH'.iU 
.ct ~~ l ' 0 d ,, ,, °' 0 

fl Y't'll ti w1u '1'1 h.1'11111 ll9l t1-:i hvi 1 'Yl1ii :: m tt 

propylene glycol, W'Yl11Jtl'1 1m::: L'lfl~fJlJUfJY'l '.i 
il " .:!. 0 Q,I d tin ClfY) t111m fJlltYlH'.i'IJf!Yl'lltl'I fosphenytoin 

... ..,, 0 1 'J} "" "' 
lJ pH 8.8 \1'1'Yl1 1Hf11'ltllf11'.i'.i::fl1mflt:l'l11" :: . ' ,, 
tl 1 ~tJ111rn'iiu~fJ1~1mn u u n1:11ffu1J tJ1 

d O UI d QI j/\;l'J} 

IVl '.i tllJtY1l1'.i 'IJlUl'lJtJ'I fosphenytoin fJ'll'lJ1 Yl ,, ,, ,, 
nrnl1m~t1 ilw11~nciflvirn 1m:::1l1fJ1rl111i'u 

d I 1 '"' 'J} (IS) ...! d 
\l~ff11J '11t1Jtlf1~1fJ (2) 1lltl'l\l1f)tl119l'.ifJlJ 

rlTHi''IJfl~'lltl'I fosphenytoin 
1
liiiJ propylene 

d 'l I "i .f ,/ glycol uii::rn'Yl1lltl'1 '1'1'1~N'1 l.ll'l'l1J'.i :: tY'lfl 

~ m :: 'IJ m:Y 111:11m::11ii fl~ 1 iiii VIU ii ::~ t:l'.i ::'IJ'IJ 

tl1::tY1mY1llnm-:i~-:i 1l~nci11mu~1[13•141 (3) 

d. : ll " d • 
'C'lllJ1HHl\?lll1fJ1 fospbenytoin Vl1'.i1n11n1'.i ,, . 
u~ihm phenytoiu tl'.i ::mm 3 ni11ilt1-:i'11n 
1hj~11tl1J~tJ-:i1u~fJll'IJ111rn~uY'tt11 1hiifil'lm'.i 

Q.I I d A \l I d 
rr:::~~'lf-:im::1n1-:imrn~fJ1 1m::mm·m mN 

tl '.i ~ tY 'lrl '11 f)fJ111J '.i::H1 Hnl'.i fi \?lfJ1,r t:lfJ[l
6
] 

... I qClt, <ll <dAllVd 
1J'.i ::: tY'Yl1lf'l'1'lJtl'ln1'.i'.i f)1J1\J'llf)~ ~1'.id (4) 

Fosphenytoin mmrn 'lci phenytoin t)t)f)\)1f) 
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n 1 '.i '1' 'LI fl 'LI l'I ~ 1 ff lJ 1 t iJ '.i ~ l! ll?J i 'I ll 11 tt 

phenytoin ~~miJ~tJ'Wl.J1'11n fosphenytoin 

" ttq~UUfll.J1Ed1uiiJ~n'.i:l.J10~'W1'W 
I ci I 1 'j/ 

'lf1'1U'.iW)'IJU'ln1'.i1Wl fosphenytoin ff'lr-1~ tt 
~~ QI ~d~d 

iJ '.i: n 'Yl1i r·m 'IJ u 'Im n m:n t mu n'U irn n 1ff111 

ttd'ltff1lln'LI~nci11Hlu.fi'u~ 3 .fi'1'1~'W u~= 
(5) tl1t91'1tJllffittf'LIU~'IJU'I fosphenytoin 

Phosphalasg 
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" " ffnnrn~m.fi'1n~1mi1u 1l~11 s. 191 ~'11!u u1 

w1'1ull'ff111f'Uu~'UU'I fosphenytoin i'l1~ 

'Yl~U'Yll!t11tr1'.f t1l.Jfflttf'LIU~'IJU.:J phenytoin 
1lli' ,, 

1 "' d 'j} 'j} "I 11 'j/ "' 
l!'l'JOOHU 1HH'U1nmmuu ~ 01'.i\Hltll 

d jJ I 'J) I O 1 'j/ <> 
ff:~nmm:l.J'IJU~'lt11nuuum1 tm:m mn~ 

"' . ll~'IJU.:J phenytom 

1 

~-~'~ 
0 

Ph90yloln 

. 
~iJij 1. 't91'.i tflHft~l'l'IJU'I fosphenytoin U~: phenytoin u~:nl'.iftmtl fosphenytoin 1tttlJ1J 

'j} 11 " "' [20) 
phenytoin ~1tltfllJ lCJfl.J phosphtase (fl~~unm111n Fischer JH, et al, 2003 ) 

d 0 Cid 1 

tll!Vl'.i tll.Jftltt'.i'Ull~'IJU'I fosphenytoin 11:m 

" il1mt1uuut11luiil'Uu.:int11J~'UU'I phenytoin 

(phenytoin equivalent tt!u PE) 1~w 

fospbenytoin 1 lln PE 11:tl'i1n'U 1 l.Jfl 

411•0 ?t 'JI 0 

phenytoin 11.:J l.J'11!u'Wr1U.:Jfl1l!1lli'Ul!Wltl1 

n'1''Lim!lltii1~ii nf ll'IJU.:J phenytoin 1ttiY'Uffl! 
I <V d 0 CV.do 

~.:imn ~ rn ~ nlJ m:'Uu.:it1Vt1119l'.i tillmttrn u ~ 

fosphenytoin tfi tJUfl'U phenytoin ff~1fodlu 

., d.;,t1_1 
!ilIT'lf'\Jij'ttftltl'~'.i'Yl1 u'UeH fosphenytoin 

Fosphenytoin '1''Linm·rn1ffm til'.i~'W 
" ... I ~ I QI 'J) 'j) 

u'.i:mm 93-98% 'Ul!Ut1fl'Ufl11rn'Ull'Ul!'UU.:J 
<J 

. 1 (21,22) 11 · fosphenytom mrn1ffm tm:mmn1 ~ 

~ phenytoin 1um'.i'1''Linm·rn11.Ym til'.i~l!1lli' 
[16) • _ 1.d ~ 

Fosphenytom ~mu~tl'W l~tl phosphatases 

lui1.:imt1ltttll1J phenytoin uu1.:i'.i1m11
113

'
141 

~ d 'J) ~ O I 

nrnu~ fosphenytoin t'IJ1'Yl1.:Jl1~um~u~wn fl1 
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' 
vil'n~n 1. 1tl~ urnnt11Jfjfll'Cl'lJU~'lJV'lt11/t111vi'1t111~rnfu~¥1'lJ~M fosphenytoin um~ phenytoin 

nTrn::mviinh 
v 

1cU'10111l 1u1ri111i'11i1r '1N11 "vmii v mi 1 
1'liu 1l1lfliiv 1fw11¥1n'li'1mff m1::gll'l 

v 

pH 'IJV·:nl1u1rirnfon¥1 
v 

m11V\11 propylene glyco1 lu1huuhui'11fi¥1 
m11V!1J1vmuv"c1imf1u1ilmfon¥1 

..::., d Cl.I l .,. : O Ud mmni 1'lfmmrnumvn l<lm 11nnu1mm11fl¥1 

d ,, d 0 

mrn¥11'1J11rnv¥1mv¥1m 
v 

d " p 4 mrn¥11'\J1mrnmrn 

fl'91'i11~ 1 i1J m'i i1ruwU'1mwmiivmi 1 
Loading dose 

v ' 
Status cpilepticus um~m'iin'lf1~1111111fium1ft'u 

nw~n~'hJflmilu 
' ' "'i ,,QI t .d '\Jtnm1 1nmn111111V1vmo.:i (maintenance dose) 

,J "'"" 1 • l.d 1 "~I 1" flH'lf1Vl '\Jfl17hJ"tl'\J lthJ'\J phenytoin 'lf 

nmtl7:::mrn 8-15 m->1
11

6,
211 ri1iHhfl~ 'l'lf1~ 

1 " 1.d 1 ,, ~ . ..i "' ,, 
Ufl171IJ"tl'\J '111UlJ phenytom n.rn~~U'lll 

fl ii' 11J1ifv1~11mtl7 ::: 111 m 20-40 'IJ 1-vi 
1241 

Bioavailability 'lJV'lfl17Q~ fosphenytoi.n 1.U1 ,, 
lt "vmil VVI ~ 11rn::: fl ii' 1m il viifh 100%125

,2
61 

"" "I · 1"' fl11lJ!'lllJ'lllJ"!'l"f~'lJV.:J 1osp lenytolll '\JmV¥1 

..i 1" i ,, "" 0 nm ltt11 ¥1t1fl17l1t1m'll1lt"V¥1rnvm1111::: 
~ QI QJ d 
'lJ '\J fl1J'llln¥1'llv.:iu1u":::vm 11711'1.J fl17 l1t1¥1 u1 

..i ,, " 1d 1 "~ l'\JV.:J1l1fl fosphenytoin ~fl.:J~flllJ"tllJ l111JlJ 
. .J ~ _1d .,f ,, ,, 

phenyt<;>m CJf'l!lJ'\JilJ'YIVVfl(j'Ylli fl11lJl'\JlJ'lJlJ 

~'l"f¥1'1JV.:J phenytoin ~10~l1~'11if t11 

4 ~ v t 1" fosphenytoin 1l.:Jlfl¥l'lf1fl11fl17 H phenytoit1 ,, 
v ~ o .. I di "" 4 

l'll1l1"v~mv~~1u7:::mrn 20 '\Jl'YI ¥1mn~'lllJ 

~tl7:::mm 30-60 mli
1201 

Fosphcnytoin Phcnytoin 

~mn 

1cU'1nu 1l~~mn 'l'.,., lJl'\JlOll 01\JVIOVl::nvH 

8.8 

'hJii 
'hJii 
'hln 

'l~ 

'l~ 

12 

40% 

10% 
ct.d~ ?it I 11 nrn11rnm1rn111Jm.:i '1nu 
mrn::mu'IJtN phcnytoin 

'l~ 
1hhm::1h u1'1::V1nV1::nm1 
11~ 11tlllifl¥1Ul 
' ., _ 1.J .di., 

q.:iu1n VIV'lllJflUUll ltul 

i y ~I ' 1m::nq¥1m'i 1rn111Jl-l 'l11'1'1 
50-150 1m PE/u1li ~.:ity¥J 50 JJn/\nli 

15-20 lm PE/nn 

10-20 lJn PFJnn 

4-7 lJn PE/nn/fo 

15-20 lm/nn 
10-20 1m1nn 

4-7 lm/nn 

' • ct 

d'.i V fosphenytoin ~ fl1tJ~tilJl1J lJ . ,, ,, 
1 ~ ,.. ct~ .e:!l .c:t 

phenytoit1 '\Jmfl~lm1 phenytoin 'Yl!fl¥l'll'\J'\J 

" I ' 1 I v 11 .. 
11:::~fillIJ1fffl1'1'l'Cl'1'\J Hty~1tl!fllJ CJflJ 

CYP2C91m:::ri1u-Uvu~1t1 CYP2Cl9
1271 

m1::: 
.ct I 4 ct~ ~ Q.I ct 

lJfllflH'lf1\llll1llfllJ fl1Jfl1Hl VI phenytoin . . 
ct oQJ , ct ~QI 

1'\JV.:J~lflflllfl11l¥1 phenytoin 1l::lJfl11lJfllJ\ll1 

q .1 11" I .J <Otq 4 ,1 "' 
!fl¥l'lJ'\J ~ fllfll'l'lf1\ll'lJV.:J phenytoin 11'1'll'\Jfl1J 

'lJlJlVl'lJV'I fosphenytoit1 lt~fl phenytoit1 ~ 
1l~f11 i¥1uli~1tl1:::mm 6-24 i1im1rlv1-tt'1u 

,, . 
-1 ~ 4 ~ \l" "' 'lJ'\J1¥11JfiVI U":::1l ::: 'IJ1'\JlJ1fl'lJ'\J!lJfl ~71J 

1 .:, 11· I " ".'I loading dose ¥1tl'Yl1 IJlm1 IJIJ1t1"!.:imq1m::: 

~1 my~ ii fl17°t11'11'\J 'lJV.:i~uotJ n~ 11:::lifl'lll71l~ 1 

1umrntl7"1'f11l'I phenytoit1 1ui1'lmt1~ 
1'1-d'.iv'IJ n'IJ

1281 ~il1u~ 1h~ vql1f 1u fl17i' n1l1 

"" ll' "". I _, 11" l17Vf·m 'IJlNIJ7:::ff.:ifl'lJV.:J phenytoit1 fl17 ~ 
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i'u fosphcnytoin 1lJ'UlJ1\i1~~1fli1~U1t1~1i'Ll 
Fosphenytoin il'llJTHHfllil'Ll~ n1 tl1tl1J t119i1'1'1 

.d." Q.I t ~ QI 'j) 

11'1~lJ'Utlfl1'n~1'l!'lflJll'ltl1fl1J phenytoin fl1tl 

(27,29] 

<V t! QQ ~ 
!flt1''111ltllH1ltY~'i rnl'U fl'UO..:I fosphenytoin nrn 

1 ii <'! 0 

lHJl'YIN'tttlOVl!tlflflVll 

1rlu11" fosphenytoin l1tllil!.u'11nrnfl 

d 0 91 ii 
mf:lflfll fl11:1Jt'UlJ'UlJ'r~'l~fl'Uf.)'l fosphenytoin 

d ~ d ;j IQ.I QI d 
1m'1timnm'.i 1mrn1'1~'U uuttnuum 11n 1lJ 

" 
fll'.il1tllilt111~11m1h~mfll 7, 1011'1~ 25 m'Yi 

~ 'j} Q.I d 
!lJU11tl\iltllmtlfWl'.il!'.i1 150, 100, 11'1~ 50 lJfl/ 

lJlTI mm11~u ('.ill~ 2a) !~f.l.:i111n 
" 

91 d i!cl 
fosphenytoin \?ltl\l\)fll'Ll'1ttlJ1m1Ju phenytoin 
di ?I • Id d ii 91 
C)f.:J!1J iJ i 1J'Yl f.)f.lflt]'\11i fl1llJ!'UlJ'UlJ~ \lq'lil'Utl\I 

phenytoin ~ ! n \i111ii\I11" ti 1 fosphenytoin 
" ' ~ ~ ~ ... I d .r:::::t. 'J) I 

tn\il'lliJ'Yl1J'.i~lJ101 30-60 lJl'Yll!'1~!fl91'lflfl11 

1 !11 ii <!! •.I 
nn H phenytoin !'Ul11'1tifl!'1f.lflm1J'.i~lJ1fU 

20 inYi
1201 

ri11:1Jt.u'lJ.u'm 1:1J11'1~m1:1Jt.u':1J.U u 

' 
"' d "" 191 tl'ff'.i~'llf:l\I phenytoin 11!fH'11llflfll'.i 11 

fosphenytoin 1.u'111'1t1\il!~tililihllJ'1h.:i 90 inYi 

mn11~~1ni11rlti 11r phenytoin 1~f.l.:i111n9i'f.l.:i 
1ifo11m'.it111" fosphenytoin \)fll'Ll~tllJ!~lJ 
phenytoin 1iYt1nmJ <ill~ 2b 11'1~ 2d) 119i 

G.1 I ~ d ~ 

'fffl'ff1lJ'lJf.).:J phenytoin f.l'ff'.i~'Yl!fl\i11Jlflfll'.i 

iJ d O 1 I 

'\W\il fosphenytoin !'Ulmrn91mtililm lJ'lf1\I 30 
' ' .c:t, I ~ ,.(4 

lJl'Yll!'.ifl1l~ti;.:im11lJtll1tl\i1 phenytoin Ci1J'Yl 

I 'l cl ~ d 
2c) tltl1'1 '.ifll'lllJ H'1.:J1Jlfl 90 lJl'Yl fl1llJ 

ii 91 91 ii "" 
! 'lJ lJ 'lJ lJ '.i 1lJ11" ~fl 11lJ!'lJlJ'lJ1J f) 'ff '.i ~ 'lJ f.) \I 

' 
d "' 1 ii phenytoin 'Yltn911llflfll'.i 11 fosphenytoin '1~ 

1 !11"1 ~,,\191 . ii d 
fl'1!fltl\lfl1J!1JU 11 phenytom !'\Jl'H'1tlfl!'1tl\il 

0 [20] d d ii ii 
m 1'11'.il'l'Yl 2 l!'ff\il\1!1"1'Ylfl1llJ!'\JlJ'\JlJ'.i1lJ 

ii ii "" . "' 
11'1~fl1llJ!'\JlJ'\J'Wf.l'ff'.i~'\Jf.l.:J phenytom !fl\il 

1 d ,,\ 191 ii 
~ .:i q' \i1 lJl" f.) m lJ tl 11 fosphenytoin fl 1 ti 

QI d d ' Q.I 

tll'l'.il!'.iTl'll!1'1fll'll'lfllJ (50, 100, 150 lJf) PE/ 
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mil) 1'Ll'1t1rn'Yit1unrnrlti11" phenytoin ~11" 
ii~ cl di/ 
\i11tlf.l\?l'.i1!'.i1ti;.:Jq'\il (50 lJf)/Ul'Yl) !'\Jl11'1tl\i1 

!~tifl¥11 1'11'.il.:J~ 3 l!'ff\il.:J!1"1~n1l1"ri11lJ 
ii ii 1 <'1 ~ 'lil 1 1'lJlJ'lJ1J'.i 1ll mm 1'ffmti;.:it1.:i1 ~ \il U mm 1J 

m'.ii'mn 00-20 lln/~m) 1m~11m~n111" 
ii"> 1 <'1 ~1191 

m1ll!'ll'J.Jti'ff1~ mrn1'ffm~.:it1.:in\ilu \il~m 

1irn1'.ii' nm (1-2 lJf1/~\?l'.i) 1dti 11" phenytoin 

ii d 1 ~ "' 
l!1J1J'Htl~H'\J111'1f.l\ilmf:l\il lJtl\?l'.il 50 lJf)/Ul'Yl 

im ttrn'Yittunum'.i 11" fosphenytoin uuumm 

1m)1?1'.i19iw1nl! ncl11 hwiY~'Ll~t1f11'.il1t1\il 
. ii d 0 ii ~ cl 

phenytom !'\Jl'H'1ti\ilmf.l\il\i1Wl1tlf.l\?l'.il!'.i1 50 

"'
0 191 ~ 1 lJ n/lJ 1'Yl'Yl1 11'.i~\il1J pbenytoin '.i1 lJ 1J 

'\Hn'ffmo.:i'.i~~u 
1

1~ r·m lu m'.ii' mn (7 'Wl'i1) 

cl I i/~ d 
!'.i1fl11fll'.i'l1tl\il fosphenytoin \i11tltl\l'l'.il!'.i1 

150 l.ln/mil (lo mi1), 100 llnlmi1 (13 

mil), 11'1~ 50 llnlmi1 ( 15 mi1) fll'.i'Htl\il 

• 91 d 0 ii ~ d 
phenytom !'ll111'1tl\i1!'1tl\ilmfl1tltl\?l'.i1!'.i1 50 

cto93' QI .c:ii. q 
lln/m'Yl'\'11 nn~~u phenytoin t!'ff'.i~ tlJ 

<'1 ~ 'l ii 1 ~ "' lrn1'ffmt1.:i'.i ~\i1u mm l!m'.irnm (8.5 l!l'l'I) 

d ' ii ~ d 
l'.i1fl11fll'.i'Htl\i1 fosphenytoin mt1f.l\91'.ill'.i1 50 

.c:1 .c:f, d I GI d 

'J.Jfl/lJl'Yl (15 'Wl'Yl), !'.i1!'Yllf11JIOO lln/m'Yl (JO 

mi1), 11~~1ni1m'.i'Ht1~ 150 lln/m'Yi (7 

"' [20] <'1 ll 9'"' d 
'Wll1) fosphcnytoin '1~\)fll!)~CJflJ ~\i111'1~!'.i1 

' 1!11 ii ii 1 d ' 
m111'1~ 11m1lJ!'lllJ'll1J'llti.:it11 l!mti~'ff.:im1 

" ' ' 
1 i1 t1 ~ ~ Yi 1'11 11 11 il .:i 1 ~ t1 1 

1241 
n 1 '.i 11 ti .:i \1. ~ ,, 

V V ~ o I 

fosphenytoin I'll lf1"1lJ!lJ tl'H"1tl\?lll!'H1J.:J 

iii.I "' · 1 fl111J!'\JlJ'\JlJ'.i1lJ11'1~tlff'.i~'lltl'l phenytom 1J 
I )J I 

~ "'1 ii 1 Q.I "=' ~ .q .c:I 
nYiU'\1 mm 1Jfll'.i'.iflllllf1\i1'\J1J11 20-40 l!l'\1 

' ' " .I"' "' 91 ii <!! lo] • 
(t1J'Yl 3) mm~ fosphenytoin l'lJ1f)"1lJ!1Jf.) !lJ . 

I .c:I .c:I O I .c:1 ~ I .t:::i 

1111~ u \il'Y191111 'HlJ .:im t1111'.i t!fll'.i 11 u .:iu \il'H'11t1 

~11mil.:il'l111"1n~'Ll~n1mu1nru~\1.\il c'Ll1~ 
" ~ ~ \IJ'' d 0 .i:!i9 

11'.it1'.i ~mmrit1.:i) tlJ1?11.:i,-i1nmrn~mm'1t1 ilJ 
' ,, . 

'LI 1 mm i1 1 'Yi 1ti'lJ!.u'1 n ~ 1 ll! i1 f.l m fll '.i 'LI 1 \i1 l1 
" "' "' 9191 <!! 

tn\i11llflfll'.i\l~ fosphenytoin !'\Jlf1"1lJ!'Wtl1J~ ,, . . 
'hltum.:i 1n~~ui'1m11 u'1~111t1i'Ll1m1'11 
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" ' ct 9)9} ~ 0 I 

fl1'Hl\?'l fosphenytoin 1'1J1fnl1lJt'l-HHJ::mm1 
.. • <'i • ,, 

fll'rn~ fosphenytom 'H'Hl phenytom l'IJ111'W~ 
<'i • .!l ,, ,, 1 

!i'ltl\?'!YlllJlfl ltJO·Hllflfl11lJl'IJlJ'IJ'l.J'IJ6\ltl1 'W 

' " 4!C 0 1 ~.d'J)' d" 

li'I ti\?'! 'il ::ci 1 fl11U'1::1Mt'IJ ll 'lflfl1 lfl1 '.i fl ~1'111 

l1"tlfl!~6~Wll Cll'.il\I~ 4 tmt1'1Jlfit1'1Jl1"1~ 
' ·1" ,,,, . .di ..... 

Yll '\1fl11lJ1'1JlJ'IJ'l.J'IJtl\I phenytom fM'.i::~'IJYI 

1l~~rn 1u fll'.ii' mrnrlt11H' loading dose iY1t1 

"' <'i • ,, 
fll'rn~ fosphenytoin 1116 phenytom 1'11111'16~ 

" 4 o v d .a i "' . I 
1"6~\?11 fl{l1lJl'l.J6 '\1'.i6 m'.lfl1'.i'.i'IJ1J'.i::Yl1'1.J 

\l'~tl • f·Hl un:i '.i::tr.:lfl'U0.:I fosphenytoin 

• V «t o <'iV 
fosphenytom l 'U 1'11'1 6~1" 6~~111'.i6l'U1 ,, 

1' <'i .. ... • I I 

flti llJtll 6'il::m~ fl'IJ'.i::'IJ'Uu'.i::mmnu fl"1\I 

phenytoin 

nystagmus, lethargy, fl11lJ~'l.J im11'1'1\?1"1\I 

11~t1m'iln11i1''1111'11r-Yuf.lY1~.:i111:: tl1ft tl1~ 

fosphenytoin 
9J I d ct 

'l.J 6tl fl111'1.JtN'11fltl111'1'.i tllJ 

0 Q.I ,::f, \l '"' 'ffl'H'.i'U\:!Yl'lltl\I fosphenytoin lJlJ propylene 

glycol mm'W6'1 m1::iJm1lJ1lJu~1.:i~1fl-.i1 

I ~ • 'J) ~ o 
lJ1flfl11fl1rn~ phenytom l'IJ1'11"16~H'tltl~m 

" 
u9l1nY1 i1'.l tu 1mfiu 'l 1rn::1nt11ltl 6u1.:i'.i1~u ~ 1 

1 d ... d (13.31} ... 
mt1 u s-10 mYl'H'tl\lll~ mm'.ifltltm:: 

" ' 
mrnr t1tlil1~11 '1111fi~'11mfoirn·lviYi ff'tlltllJl 

.!l 
'11 fl fosphenytoin m 6 .:i '11 fl fll '.i '11ti~ti1 

d j} ol:!t odo1V 
phosphate ester tl'W'"]l'IJ1'11'1tl~m6flmflm 11 

tn ~{)101'.i ~\I fl~ 111'lf u n ll 1321 ti fl~ fll '.i u \?) ,, 
V V <'i "> \l I .di 

fosphenytoin l'IJ1fl'11llllrn'1 :: tn~r·rn l.Jl'l \I 

... I ~ 'J) I ~ QI 

u '.i:: ff \I fl 'l.J 6 ti fl11l'W6 \I '11 m:: \?'! 'LI phenytoin 

57 

' .a 0 1 cl 

rn 6~I'llfl1 1 fll '.i 'U l'l phosphenytoin 

phenytoin 1'W'IJll1\?'!YifflllJ't'IO'W 

,., e:t ~ • d ~ ' 
'lltl\ll'll0\lfll'lfl\ll fosphenytom 'Yll'tt\!6 fl11fl1'.i 

.. • ii .. • 
fl\11 phenytom t'IJTtHnl\llltl0\ll\111 

fll'.i'1~ fosphenytoin 1~1Yl1\l'\1"1tl~ 
,a odiJd I d , j) 

1"61'lmlJ'll6~fl11fl1rnY1 phenytom t'IJ1H'tltl~ ,, 
t~6~~1'11'11t1tl'l::fl1'.i t'lfu (I) tl 1t11ff1Hi' 'LIU~ 

v ., 11 Vet ct QI 

'116\1 fosphenytoin t'IJlnlJ ~~tm::lJfl111Jfl\IC11 

d : ~ : ~ : 

~ 1u'W1rn"'6 'W 1 t.rn ~fl 'lf i ci '.i ff trn:: 'W 1a1 
' 0 QI d ~ 0 1 Vil I ,, Q.I I Q 

ff1'\1'.i'IJU~6tl Yll H lJl'l6\lfl\11"11HJ::lfl\?'l 

" ' QI QI 0 0 Qlct~ 

ci:: fltltl H'tl\INfflJ fl'IJ'l.Jl[Jl'ffltt'.i 'IJ\l ~tl'W'l tm:: 

" 
tl:i.J ~6 \llJ ~l 1fl'.i 6\llJ 1 t111u ffl tiff 111 i' 'IJ '11 ti~ 
" O j} ~ 0 ll I 0 ?t Y 

mmt'IJ 1l1"16~m6~m1m:: lJ'illl'Utll'ltl\l'HU~ 

" O 9) ,a O 1 I I 1 d 

u1a11'1J1'\1"16~m6~m'llm~ l1t1Jl'lftl irnHu 

• (15,18] .!l 
'1Jtl\lfl1'.ilttl~ phenytom (2) l'l.Jtl.:l'il1fltl1 

tvi'°1t11Jff1Hi''IJ~Vl'll6.:I fosphenytoin 'hJlj 

propylene glycol 16Yl1'1.Jtl'1 mi~ i'lf1~t1lJat1m 
' ,, 

11 "'"' 0 1 " O d ?t I I 1 {)fl 9fVIYl'Yl1 '\1tlltl1l.Jfl11lJllJ'Wm\l ~\l l'Jftl 'l.J 

t111~'1 tllJ ffl'Hi''IJU~'IJtl\I phcnytoin 't111H' (fl) 

1n~tlfin~t11'1J~11m~u~a11!mm-.i11'lfu 1b~ 
tl1~mrntl1~r6u ('ll) 1fimrn 1l:i.Jfi.:itl'.i ::m~ 

~ tlfflJ 6\111"':: '.i ::UlJ l:f 1i111rn:: '11'1{) ~I~ ti\?'!~ 1 ,, 
I (I J,14} 0 1 V 0 , V 

fl11 (fl) Yll '\1'\1U~tlW1 fosphenytom l'IJ1 

<'i O 'l " c$ I I .di 1 " 1 'H'tlt1m'16~m vi1'.i1m1 3 tm '1.:i 'lfnm u 
' " 

fll'.i 111' a1-fifiu fl·11mmrn::fl111 i1' t11 hi~t1.:i 

11q vi'lf~ m~u'lf1.:i'"]11im1~ m~t1.:itt~ tl'U'.i 1 m1 

'l I .di - I .. d .. ,J [ 16} 'l I ,, 

fllfll'.i lJlNu'.i ::ff.:lfl11lflVl'IJ'l.J (\I) l Jl'ltl\I 

... I~ 0 I d 1 ,, ,, 4!f 0 

tu't'IV'Wmmrn \IYI 11 t111'1J1Y11~'\1"1UV1mt1vim 

I [18] I 1 " I .... 1 V 
'IJ6a ('1) 'tl~m 'lf'11t1'1Jt1.:i1nm'.i 11a11rn:: 

i' fl 111~I '1 11lJ11 \I ti '.i:: ff \I~~ \It 'lf 'l.J ~I fl VI n 'IJ 

• (33-36] 
phenytom 

fosphenytoin 

' ,, 
(n) 11rn1lliYi1fi~uY1tl1a1 

" I Q.I Q.I .::!i \l " fosphcnytoin IH'11tl'l.J[J\lffll.Jl'.if.1Q fl~~CJflJ ~ 
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•l1••1V"" 111 
u~ mm lf 1m1m·H1 n~:: nou'Uo.:i rn1rn:: " 

" . . 
'111 l l1'1n ~-m'l omuu1 nru Yi rnf 1oonm~.:i 1 u 

"' • [IO) 
mru '\JO\! phenytom 

v "' "' . .I"' "' 'UtufHJ'llfl.:lfll'.iUYI fosphenytom !IJ'.itl1.11'YltlU 

Q.J ct " t!:t 0 

f1Uf11'.i11YI phenytoin l'IJTtt~flYl!ilflYIYll 

3) I "' , 3J 
UlJ11fl1'.ill~ fosphenytom l'IJ11-Hlfl\?I 

QI I j.I j/ . 1 I 

lf 1llf'U1 n 'U U il:; lf '\.J 111OfJn11 phenytoin 
I l d l I.di ~d ~ ~ 

uu1.:i lrnmll e>1m1 lmN1h::{l''lfl'\.Jm\?l'll'\.J 
d i \ I Q IU '\.J!Jill{l''\.J"l u i-t::lf 1 fJ hJio \IU Ul\l'JJ~l'.i ') 

mu1u 5-10 mYi 1m::mm1mw1enm'.i
1
hHi.:i 

<1dv ... cl 
tJ1:;{l'\lfl'U\?11fJf1Trn\?lU~'.i11'.i1'\JU.:lf11'.ilffJ\?ltJ1 

" 1
hJ1n1J 100 "n PFJmYi lf~u~1ni1ul'\.Jmru 
~tii11m\'h}13•3 I] 

' 
V "' "' "' <!I I 'IJflYl'IJfl~fll'HlYI fosphenytoin 'Yll'tt'Uflf111f11'.i 

"' v v ~ 
UYI phenytoin l'lllmn:m'Ue> ,, 

tliu1-ff1lff11\l\?l'UU'l phenytoin hJ 
" ' o 1 v"' v v a "I o 1 v 

U'\.J::'\.Jl lffim'lllf1illlll'\.Jut'\.JU\l'illf1'111 lf 

lfl\?111~ n1 u1l'\.J111 rnu ~ \l \?l fJl~ o'U.u'wruu 'j \I 

1'lf'U '111\?l 'l11\?JU{l'1J'l11~fu'U 1J1ll phlebitis 
,, " V a [IOI ""' .d 

OilllJ!'\.JUCllfJ lJUf1'illf1'\.J'\.J f111~\?lCJf1J'Ufl\l 
3) \l 1 I ...\ "I \JJ l\JJ 3} 

phenytoin 'il::'ln 1JU'\.J'\.Jfl'\.J 1rn::1'lHJ\W t1J t\?l ,, 
[10-12) I "' , 3J 3J <!I 

"1'1'Uf11rn\?I fosphenytom l'IJ1flil11Jl'\.JU 

01131..,\ .dllV' V 
mmrn'Yll ~1'\.Jti'l'illnfJ1fln~\?lCJf1J ~flO'U'lll'l 

"' "' 
"'[18 19) ""' IJJ I d • I " i ""' d 
~ . lfl\?lfllfll'.i t].Jl'j\IIJ'j:;{l'\jf1'11'11J'.i!1tu'11 

v v .J'cl.,. "I 

fosphenytoin I'll lflil lll!'\.J fl!U '\.J ti fl'Yll'lnl fl n 

mm'.i l '.ifli-t11<M'n 
1
hJ1'lfmru 11 mil'U 
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4 1 "' V.•1 ll ' ""' . I 'tt'\.J\l '\.JflHll (I) ~IJ1fJ 1J'Cl'11J1'.i\1'.i1JIJ'.i:;'l11'U 

phenytoin lf~OfJli'fllll hfli-tlli'flglJ"l 11~ (2) 

(3) hl 'ff11Jl'jflQ ~ tJ11.U llf il fll'llii 0 \?1~1 
~ \.11• jl& ~ o\l]j} 

mu.:i'illfl n.1mm'.im'll1fl.:ilfi-to\?lmo~m tl'I (4) ,, 
"' . v v a o 1v "' f11Hl\?I fosphenytom l'Ulfltllll!'\.JO'Yll lflfl\?l~m 

11-JJri.:i"tJ'.i::{l' .:ifi~unumr1 l 'ilui-t::mrnl'l1iiol'I 

" ' C! ~ 'UOfJf111f11'.il!\?I phenytoin lf'.iO fosphenytoin 

. " QI ~ td 'J) I d j} 

'.i:; ~ 'lJ tll I l'l 1J {l' \I'll 'U 'lf 1011 fll '.ill~ I'll llf il ti \?I 
" 

,, 
"I 11 I "' I I 3) "' 3J [19,30,.JJ) 
nlfl~ 1Jl{l'flfJ'.i"OfJf10'U'tt'Ul'UUil1 1rn:; 

" 
(5) hrnmmrn1111i-t~ 1hJiifl'l1m 11! -ff 1lf i' 1J • 
m 1 'ili~m'.i '111.:i1u 'IJO'l1::u 11tt 1 l 'il1m::m 1 o~ 

1iio~~1·lffllll~'9.JO..J• ..J1 

v "1 "1 • v v ~ 
'IJOHW'Ufl.:lfll'.iUYI fosphenytom l'Ulfl~U.Jl'Utl 

"' ,VV .J' 
fll'.i ll \?I fosphenytom I'll 1Oil11Jl'\.J O . ,, 

<>' 1~ ~ 4 j} I _q 

'j :;~ 1J fJl lJ !~ 0 \?l'il:: ll'l lJ'IJ 'W 'lflf111 f)l'.i ll \?I 

I 
. "I v "I 

p 1enytom lf'.iU fosphenytoin l'Ul'tt~O~mfl\?I 

0 d 111 0 Q,J (II 

m 'il\!Ul'il 11mm::mtt'.i'l.J'.i:;.:iuenm'.i status 
• • ~ QI d QI d4:'l :' d 

ep1lepttcus lf'.i"Oellf11'.i'lfntllfJUl'rn'\.J'l1lfl\?ICJflfl 

tlnt~'U 1 u '.i lfJ~ tiJ{l'11J1'.i fl 111' fJ1'111\llf ~U\?I 
1iiol'l~1 lf~uf.11J1u~i:ihmr11'il i:im111~u 

<J 

,, 
"' I I !J "' 3J (19,30,.31) "I 1 

I ff fl fJ HlfJ f1 ti 'U lf lJl lHI ~ 1 lf '.i 0 'U 
"' 

ffmm·w1m~~ 1liii:i~'l1nrn! -ff mi' um1'ili~ 

V 1 :i![I9,30,31.37] "1 . V 
l'l'.itl1J 'If fll'.ill\?I fosphenytom !'Ill 

" . v a o 1 ii ~ .... t ~ 4.-::i 
nm1H'U tim'il'Yll lf m~mf11'.ilJ1\?l'l.J'.i nru'l1'i!~ 

\JJ 3) I "'> ll 1 I \JJ I 

I~ U\l'llfl~ 1J1JtlfJU~::mm111:: tlll'UUHU~:: 

11" I 11 v I v cl mu IJto'l ~flt1'U'lll'lt'.i1 
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a Focphenytoin plm:mn concentrations A Fosphenytoin 60mg PE/min 

250 

~ 

e Fosphenytoin 100mg PE/min 
• Fosphenytoin 160mg P E/min 

"' 5 
200 'f Phenyto in 60 mg/min 

c 150 .g 
d 

t 100 
0 
c 
8 50 

0 

b Total ph enytoin placma concentrationo 
35 

~ 
30 

5 25 

8 20 .... 
e 15 tl 
0 10 c 
8 5 

0 

c Phenytoin unbound frac t ions 
20 

-:-0 c 16 c 

j 
12 

-0 c 
_g 

8 
:5 

4 

d Unbound phenytoin placmo concentrationo 
3.0 

~ 2.5 -
..s. 2.0 
8 ·-s 
b 

1.5 

ii 1.0 
0 

8 
u 

0 .5 

0.0 
0 15 30 46 60 76 90 

Time ofte r s tart of infuoion (min) 

~ y ,, QI SI ~ O j1 QI d I &I 31h1 2. f111JJl'IJlJ'UU'UtH fosphenytoin 1umrnnrn1M1J1nmrnu¥1UlL'UlUCHl¥ilntl¥imH1UVmm19lHflU (a); 

,, ,, . Jc. . ,, ~ 0,.. QI d Q 

fl1l)Jl'IJJJ'lltlnlJ'\JO'I phenytom '1lfl¥11J1nm·nw¥i phcnytom l'\JlllftO¥irnv¥immuom11n 50 llfl/ IHtl un:::m'i 

,, IV d • QI QI I q .. I"'"' d 4 ,, 

11U¥1 fosphcnytoin ¥11U09l'illn91HfllJ (b); ff¥1ff1\J'\JO.:J phenytoin 1\Jl110ff'i::;lllfl¥11Jlflf11'il1U~ phenytoin l'\Jl 

4 op QI d """i P QI d I QI V ~ 
11riv~Hrn¥imr11uom11n 50 llfl/lnll um:m'illU~ fosphenytoin muom11nm.:imJ (c); uri::mnH'lllJOff'i:: 

J Q SI 4 ojl u d 4'!:I 

'U{).:J phenytoin lllflmnnfll'il!U¥1 phcnytoin l'lllllr!Vmrio~mrnuvm11'i1 50 lJn/ 'Ulll llft :::n1nw¥i 

fosphenytoin ~1uom11~19i1.:inu (d); nn1~11ff¥1.:i1i'.lwif1mn1 90 mli11rn'Uo.:imrnu¥1u1 tim11~1'1Jv.:im'i 
,J .. : Id .J'tl "' Q,I ~QI ti " v 11u~u111ff~.:ivgmp1'U11m1 <i11m1ff¥1.:ii1 mum~f!Jl9llllmrnm 1fo110111r11) 
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.J d !J/ !J/ !J/ !J/ "" l 
Vll'HH1 2. !1'11'1'lfl11lJl'\JlJ'IJ'W'.i1lJ1Hl~fl11lJ1'\JlJ'U'IHH1":i~'\JtN phenytoin lnlW'J:'I~~ 'IJ 

1~umrlu lir phenytoin ~1t1um11~1~\I~~ (50 lJfl/'l.JTn) 1i.J1arnnu'l.Jnrnrlulir fosphenytoin1,r1 
..:!:t O j} QJ d I d 

'1nrn~mu~w11mt1u1?111111m'l"l (50, 100, 150 lJfl PE/'l.Jl'l'l) 

'\JllWl 

(ovi·n1h1llnl'rnu~m1.Unrno~1ilo~vi1) 

Phenytoin: 1200 lm (50 lJO/\Htt) 

Fosphenytoin: 1200 llfl (150 lJO PE/IHtt) 

Fosphenytoin: 1200 lJtl (100 lJtl PE/mii) 

Fosphenytoin: 1200 lJO (50 lJO PE/inii) 

'Ulfl~ 

( v~·rn~1111 fl1'.illlJYllJll'li'im1tJYtl~VYl~l) 

Phenytoin: 1200. Ufl (50 lJnllnii) 

Fosphenytoin: 1200 lJtl (150 lJtl PEJmii) 

Fospbenytoin: 1200 llfl (100 lJfl PE!inii) 

Fosphenytoin: 1200 llfl (50 lJtl PE/1nii) 

ft'1Ulllfl.u'lllJtl'UV'I Fischer et al, 

' "' y y 
1'nlH1fl1UJl'\JlJ'IJll11WUO.:i 

'I 4 "' phenytoin \f.:iq~nmrn~ (lllfl) 

20· 

40 

50 

50 

.J SJ ii Q 

11tl 1nm1lJ1 'IJU'IJ irn m::'IJ v~ 

phenytoin ix~'ilVI 1u1nvY1 cmli) 

25 

10 

25 

25 

!J/ o!t l ., "' . I"' "' ., l !J/ phenytoin !!1J'l.Jl1t1m'IJ1'1rnumC1u~ 'l.JU11'.i1~\I~~ 50 lJfl/'l.Jl'l'l!IJ'.itl'l.J!'VW'l.Jfl'l.Jfll'.i l1 fosphenytoin 

l ., c$ "' 
11'1.J'l.Jlttl~ 'l.JU\?l'.ill'.id 50, 100, 150 lJfl PE/'l.Jl'l'l 

~ d 1 y ... • 
(VVl'il1~1 llnlnllJ~IJll'\JlHMYIHHJYlm) 

Phenytoin: 1200 lJfl (50 lJO/Ulii) 

Fosphenytoin: 1200 llfl (150 lJtl PE!mii) 

Fosphenytoin: 1200 llfl (100 lJfl PE/Ulii) 

Fosphenytoin: 1200 lJtl (50 llfl PE/mli) 

~ d 1 " ... • 
( VVl'ill~ 1 lJ mnllJ~IJll'\Jlllt'IVYIHHJ~m) 

Phenytoin: 1200 lJfl (50 lJfl/Ulii) 
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Reviews 
All reviews are usually peer-reviewed. If the manuscript is written in Thai, English 

title and abstract are also required. 

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

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

Manuscript submission 
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