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Introduction

Diabetes Mellitus is the major
public health problem in Thailand
because it has continually increased in
Thai population ". 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 °. From
Epidemiological Surveillance Report
2005, death rate with diabetes per
100,000 population equal 123 (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 per100,000 population
(4,724 persons) and death ratio male :
female equal 1 : 1.6°

Diabetes mellitus is charac-terized
by recurrent or persistent hyperglycemia,
and is diagnosed by demonstrating any
one of the following:® 1. fasting blood
glucose level at or above 126 mg/dL (7.0
mmol/l). 2. blood glucose at or above
200 mg/Ml. or 1 1 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 11.1 mmol/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 festing, which can take two
hours to complete, By current
definition, two  fasting  glucose
measurements above 126 mg/dL or 7.0
mimol/l is considered diagnostic for
diabetes mellitus,

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

insulin to prevent hyperglycemia.’® Type
2 is characterized by tissue-wide insulin
resistancc  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 Mluid 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, causing dehydration and increased
thirst.  Prolonged high blood glucose
causes glucose absorption and so leads
to changes in the shape of Ienses of the
eyes (diabetic retinopathy), leading to
vision changes. Blurred vision is a
comimmon complaint leading to a diabetes
diagnosis. Diabetes can cause many
complications.  Acute complications
(hypoglycemia, 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 nephropathy 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 i the non-
elderly in the developed world), nerve
damage (of several kinds), and
microvascular damage, which may cause
erectile dysfunction (impotence) and
poor healing. Poor healing of wounds,
patticularly of the feet, can lead to
gangrene which can require amputation
the leading cause of non-traumatic
amputation in adults in the develope
world. Adequate treatment of diabetes,
as well as increased emphasis on blood
glucose control and life behavior factors



(such as nof 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. > The goal of
treatment in Type 2 diabetes patients is
controlling Dblood glucose into the
normal range, through a combination of
medication, diet, exercise, and making
life behavior changes 2.

The nsk factors for Type 2
diabetes are: 1. family history, 2. age
(>45 years), 3. high-risk ethmic 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 %, ADA reports that the nearly
14 million people in the US who have
Type 2 diahetes, approximately 80
percent were overweight before they
developed the disease ? Helmrich, et al,
(1991) found that diet and exercise could
delay the onset of Type 2 diahetes in
persons at risk W Exercise s
potentially the principal means of
fighting overweight and obesity (before
being obese, people are overweight, and
afterwards, exerx e is considered more
strenuous) " 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 assoctated with a reduced
risk of both cardiovascular and total
mortality among men with Type 2
diabetes . 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 '®. Halton et ¢
(2006)Y'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) . Ko et al (2007) studied
effectiveness of structured 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 gronn
than in the control group (p< 0.05)
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 important for
pharmacist to identify patient’s batrier to
adhere with medical regimen. Health
education should be focus on patient’s
skill to reduce barrier to adhere medical
regimen ?.  Wangkladkaew's study in
2002, confirmed that nutrition
counseling was important for Type 2
diabetes patients *°. Lohavisavapanich
(2003) studied 15 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
patients !,

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

patients to change their malbehavior™ 2,
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Therefore motivating patients to perform
life behavior changes was a pharmacist
demanding task 2 Additionally,
pharmacists could stimulate medical
regimens compliance in  patients.
Normally, patients were non-adherent to
their treatment in¢ 1ding oral anti-
diabetes therapy and only a small
number of diabetic patients were tound
compliant with a aspects of diabetic
care 2%, Identification of non
compliance patients was a pharmacist
challenge tasks as well. Patients often
were reluctant to admit non-adherence
¥ Pi 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
certain point in time B Using
pharmacy data was another method that
enables measurement of compliance. By
evaluating whether medication
prescriptions were filled in time, it was
possible to calculate ref  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. Tn 1986 electronic monitoring
systems became available as a tool for
objective  registrtation of  patient
compliance **. It was claimed that
electronic mouitoring was more sensitive
for detecting inadequate compliance than
any other method 3 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,

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-report questionnaire or face
to face or telephone interview to enable
targeting  specific  interventions in
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 state 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” specifica - 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
ci ries burnt by exercise, compliance,
cating  behavior  score, diabetes
knowledge, age, BMI an fasting blood
glucose.

Attitude —_— Intention

—p Behavior




Conceptual model
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Gender

Exercise

Compliance

Fasting Blood Glucose

Diabetes Knowledge

BMI

Eating behavior

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

Research questions: In the Type
2 diabetes patients, controlling for diug:
I. Did gender have different average
(BMI, age, calories burnt by exercise,
compliance score, diabetes knowledge,
eating behavior score and fasting blood
glucose)? 2. Werc there auy significant
cortelations between BMI, age, calories
burnt by exercise, compliance score,
diabetes knowledge and eating behavior
score and FBG? 3. What factors signiti-
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 inferviewed
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 Han et al (2000), Multiple
Regression Analysis (MRA) required 15
to 20 samples for [ independent variable
however sample size must not less than
[00. 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 (o see physicians
during the time plan ** were randomly
sampling by computer from Saraburi
Hospital data bank controlling for drug
name “metformin®”,

Instruments

The 11-page questionnaire divided
into five parts: Demograplic 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
tiiis 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 ANOVA, Pearson
pro ¢t 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 ANOVA
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 em) yed Pearson‘s correlation to
find associations between each paired of
variables. Hypothesis 14 has 1

Table 1 Category demographic data

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 | and 2.

Demographic data Frequency Percent
Gender
Male 62 31.00
Female 138 | - 69.00
Marital status
Single 18 9.00
Married 182 91.00
Level of education
Completed grade school 08 49.00
Coinpleted high school 46 2300
Completed junior high school 36 18.00
Technical school 19 9.50
Bachelor degree 1 0.50
_ Occupations
Civil servant 36 18 NN
Employee 4 2
. L. - .
Farmer 19 9.50
Merchant 32 16.00
House maid 49 24.50 1
Total 200 100.00
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Table 2 Continuous variables descriptive statistics

Range Meant SD
Age (yr) 72.86 59.34 £ 1.99
fasting blood glucose (mg/dl) 293 | 161.25 x54.1
knowle e 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/m?) 26.61 26,79 £2.5
compliance score (score unit) 13.8 1237 +£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
Eating Behavior Scale was (0.7915.

Analysis of Hypotheses

Table 3 One way ANOVA of hypotheses 1-7

Gender Mean SD I 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 **(.00
exercise Male 4,012.42 2,693.92
Age Female 59.13 11.79 0.14 0.71
M 59.7° Y ,
BMI Female 26.70 283 069 0.41
Male 27.01 1.50 '
Eating behavior ~ Female 11.76 2.16 1.9C 0.17
score Male 11.29 2.27

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

11

FBG | Male Age | BMI Exercise | Comply| Know | Eating
FBG 1.00
Male 0.05 1.00
Age *-0,14 0.03 1.00
BMI -0.04 0.06 | -0.06 1.00
Exercise | **-024 | *¥#0.34 0.03 | -0.09 1.00
Comply -0.06 | *0.10 0.03 | -0.0l *0.15 1.00
Know *%.().42 0.01 0.05| -0.07 0.11 - -0.06 1.00
Eating 006 | *009| -0.09] *0.16 0.03 -0.03 0.03 1.00
Mean 161.25 0.31 | 5934 | 26,79 2777.24 12.37 631 11.61
SD 54.10 046 | 11.99 2.50 | 2420.89 7.13 1.57 2.20
* significant level at p<0.05
** significant level at p<0.01
Table 5 Coefficients

b SE Befa T| p-value

Constant 326.21 50.52 6.46 *%().00
Male 18.81 7.78 0.16 2.42 **().00
Age -0.49 0.28 -0.11 -1.74 *0.04
BM1 -2.19 1.38 0.10 1.59 *0.05
Exercise -0.005 -0.02 -0.25 | -3.64 *%0.00
Eating 1.75 1.56 0.07 1.12 0.13
Comply -0.04 0.05 -0.06 | -0.87 0.19
Knowledge -13.89 2.16 -0.40 6.42 *#(.00
R’ 0.26
R’ change 0.23
F 15.54

ependent Variable: Fasting blood glucose

* significant level at p<.05
#* gignificant level at p<.0l

Pearson’s  product  moment
correlation 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), calories burnt by
exercise (Beta -0.25) and gender
(Beta+0.16) respectively. Finally, the
model vyielded The Fasting Blood
Glucose prediction equation as the
followings:
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FBG =326.21 + 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 =01 6lzmzﬂe —-0.1 ]ZAgc'O- lOZBl’\‘l[ - 0-24ZCnlories bumt by exercise
+0-072Eating Behavior'o-06ZCompli:mce'0-4OZDinbelcs Knowledge

* significant level at p<0.05
** significant level at p<0

Knowledge, catories bumt by
exercise, gender, age, and BMI were the
significantly predictors of Fasting 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 recommendation

We found that when controlling
for drug, Type 2 diabetes paticnts 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<0.01), 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 eaning, 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 1an female (p<0.01), BMI was
a significant factor to predict fasting
blood glucose. We found that patients
I 1 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 diahetes 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.
[t woul 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
cornrelation instead of simple correlation.
We certainly believed that when the
more powerful statistical techniques
were employed the more accurate and
rehable outcomes we would be achieved
unconditionally.
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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 mL/100 g body weight of rats and
0.1 mL/10 g body weight of mice. In the
rat ear edema modt test drugs were
given topically to the oufer and inner
surfaces of the ears in equivalent volume
of 20 pl/ear. Distilled water was used as
vehicle except in ear edema model,
where 5% DMSO (dimethyl sulfoxide)
in acetone was used. Control groups
received wvehicle only in the same
v 1me and by the same route.

Anti-in 1mmatory activity

EPP-induced ear edema in rats

The method described by Brattsand
et al. (1982)" was performed. Male rats
weighing 40-60 g were used. Test
substances, i.e., diclofenac, BS extract
and vehicle, were each applied topicaily
to the inner and outer surfaces of rats’
ears by means of an automatic microliter
pipette at a volume of 20ul/ear.
Immediately after application of test
drugs and vehicle, ear edema was
induced by topical application of EPP
dissolved in acetone at a dose of |
mg/20pl/ear, Ear thickness  was
recorded using digital vernier caliper
before and at 15, 30, 60, 90, and 120 min
after edema induction.

Carrageenin- and AA -induced hind
paw edema in rats

Male rats weighing -1 g were
used. Rat paw edema was induced by
can'ageenin8 and AA’, respectively.
Rats were pretreated orally with test
drugs 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 0.1 mL of 0.5% AA in
0.2 M carbonate buffer was injected
intradermally into the right subplantar of
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each rat. Paw vc ime was measured
using a plethysmometer (model 7150,
Ugo Basile, Italy) before and at 1, 3 and
5 h after carrageenin and 1 h after AA
injection.
Cotton  pellet-induced  granuloma
SJormation in rats

Maie rats (180-220 g) were
weighed for initial weight. On the I*
day, test drugs were given to each group
of rats. One hour thereafter, two dry
cotton pellets weighing 201 mg were
implanted subcutaneously, one on each
side of the abdomen of the animal under
light anesthesia with  pentobarbital
sodium under sterile technique'®, Test
drugs were administered once daily
throughout the experimental period of 7
days. On the g™ day, rats were
anesthetized with pentobarbital sodiwn.
The implanted pellets were dissected out
and weighed immediately for their wet
weight, then dried at 60 °C for 18 h and
weighed for dry weight. ‘The body
weight gain and dry weight of the
thymus gland were also recorded.

Measurement of alkaline phosphatase
activity in serum

Blood from the rat in cotton pellet-
induced granuloma model was collected
into a tube by cardiac puncture technique
on the 8™ day after cotton pellet
implantation. Samples of serum were
sent to medical laboratory for
determination of alkaline phosphatase
(ALP) and total protein'’. The enzyme
activity was expressed as units of
enzyme per milligram of total protein.

nalgesic: v

Acefic acid-induced writhing response
in mice

The method was performed as
described by Collier et al. (1968)"* and
modified by Nakamura et al. (1986)]3.
Male Swiss albino mice weighing 30-40
g were used. Mice were pretreated orally
with test drugs 1 h prior to acetic acid
injection. A volume of 0.1 mIL/10 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 in rats

Male rats weighing 180-200 g were
used. A tail-flick method of D’Amour
and Smith (1941)"* and modified by
Gray ef al. (197'0)]5 was used. The rat’s
tail was placed to cover a flush mounted
photocell window of the tail flick
apparatus (uodel 7360, Ugo Basile,
Ttaly). 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
drugs were admimstered 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 (o the heat without tissue
damage.

Antipyretic activity (yeast-induced
hiyperthermia in rats)

Hyperthermia was 1 ‘uced in rats
following the method of Teotino et al.
(1963)'®. Male rats weighing 200-250 g
were used. The initial rectal temperature
was recorded using a  2-channel electiic
thermometer (model TPM 812, Letica,
Spain). Hyperthermia was induced in
rats by subcutaneous injection of 1
ml/100 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 >1 °C were use
Test diugs 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 x standard error of
mean (S.E.M.). Statistical comparison
between groups was analyzed by using
one-way analysis of variance (ANOVA)
an post hoc least-significant difference
(LSD) test and p values less than 0.05
weie 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 .
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 1 mg/ear also
significantly reduced the EPP-induced
ear edema formation at all evaluation
times.

Carrageenin-induced hind paw edema
in rats

The inhibitory activity of oral
administration of BS extract on
carrageenin-induced hind paw edema 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. T1  itiedematous
effect . —_ >xfract was ___:-dependent

AA-induced hind paw edemna in rats
All doses of BS extract and
diclofenac did not show any inhibition of
paw edema induced by AA. On the
contrary, prednisolone (a phospholipase
Ay inhibitor) possessed a strong
a edematous 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 ED ED ED ED
mgfear % E1 % EI % EI % EIl
uglean) iy (um) " (umy " um) 7
Control - 117422 - 157434 - 197430 - 17219 -
Diclofenac 0.6 15+8* 87 27+10% 33 35+13* 82 354 16% 79
BS extract 1 2748% 77 47£12% 70 61+£18% 69 67+20* 61

Values are expressed as mean + S.E.M. (¥ = 6), ED = Ear edema, % EI = percent
edema inhibition. Significant difference from control g * p-value <0.05

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

in rats
Group Dose 1h 3h 5h
(mg/kg) EV (L) % EI V (mlL) % EI EV (inL) % EI
Control - 0.35£0.02 - 0.65+0.03 - 0.66+0.04 -
1 lofenac - 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 0.16:001* 54 029:0.04% 55 0341007 48
300 0.12:0.03% 66 0211004% 68 025:006* 62

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

Cotton pellet-induced granuloma Acetic acid-induced writhing response
formation in rats in mice

The ress s of granuloma The results of acetic acid-
formation and (ransudative weight induced writhing response in mice are
-induced by cotton pellet implantation in shown in Table 4. Diclofenac
rats are demonstrated in Table 3. Daily significantly reduced the number of
oral administration of BS extract and writhes. All doses of BS extract also
diclofenac for 7 days slightly but possessed significant inhibitory effect on
significantly reduced the transudative writhing response in a dose-dependent
weight and granuloma formation. manner
Prednisolone markedly reduced both
parameters. However, prednisolone also Tail-flick test in rats
significantly reduced the gain of body Table 5 demonstrates the results
weight and dry thymus weight of rats of test drugs on tail-flick response in
whe as BS extract and diclofer : d rats. BS extra and diclofenac 1 not
no effect on both parameters (data not show any inhibitory effect on the
shown).Serum ALP activity after cotton reaction time. In contrast, codeine (an
pellet implantation in the control group opioid drug  showed pronounced
was  significantly elevated when analgesic activity in this test model.

compared with the normal or non-
implanted group. All test drugs, given

to rats for 7 days normalized serum
ALP activity to normal level (data not
shown).
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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) (mgfmg cotton) (%)
Control - 325.25+16.51 64.17£3.29 261.08£14.72 2.2040.16 -
Diclofenac 2.5 281.33425.83* 57.58:1.91%  222.08+27,53* 1.88+0.09% 14
Prednisolone 5 216.83449.08%%  42.45+7.99%* 12.92+40.26%* §.1240,39%% 49
BS extract 300 284.75343.74* 57.33+4.85* 224.91+39.17* 1.86+0.25% 15

V¥ ies are expressed as mean + S.E.M. (¥ = 6), Significant difference from control group:

* p-value <0.035, ** p-value <0.001

Table 4 Effects of BS extract and diclofenac on acetic acid-induced writhing response

in mice
Group Dose No. of writhes Inhibition of writhing response (%)
(mg/kg)

Control - 29.334£8.04 -

Diclofenac 10 6.3344.13% 78

BS extract 75 19.17£10.91* 35
150 17.00£7.45% 42
300 2.50+£3.99* 91

Values are expressed as mean + S EM. (¥ =6) Significant diffe rence from control group;

* p-value <0.05,

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

Group Dose T, (s) T:(s) % inhibition
(mg/kg)
Controt - 2.28+0.17 2.58+0.22 -
Diclofenac 10 2.45%0.45 2.88+0.55 6
Codeine 75 2.330.22 7.00+0.90% ol
BS extract 300 2.31x0.26 2.75+0.37 6

Valnece are evtwreccad ac mean + S H M, (N = 6)‘ T. = control reaction [in]e’ TI = regrtion

F'!

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

yeast-induced hyperthermia in rats are

shown in Fig.  Diclofenac markedly

x

L Ep

reduced rectal temperature. BS extract
sig icar yreduced 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
(e: control; A: BS extract 150 mg/kg; ¢: BS extract 300 mg/kg; m: diclofenac 10
mg/kg). Values are expressed as mean = S.E.M. (V= 6). Significant difference from
control group: * p-value < .05, ** p-value < 0.C  *¥* p-value < 0.001.

Discussion

The present s ly was the first
study to investigate anti-inflammatory,
analgesic and antipyretic effects of BS
extract. The results showed that BS
extract  significantly teduced EPP-

luced ear edema  formation
comparable to that of diclofenac. Edema
caused by topically applied EPP is due
to the release and/or synthesis of various
inflammatory ~ mediators  including
histamine, ser min, bradykinin and
prostaglandins (PGs). These mediators
are  orchestrated to  promoting
vasodilatation and increasing vascular
permeability as well as producing ear
edema formation'’. It is therefore
suggested that BS extract may elicit its
anti-inflammatory activity in the same
way as diclofenac, which suppresses the
release and/or synthesis of various

inflammatory  mediators of acute
inflamumation notably, the PGs.
Carrageenin-induced rat paw edema
formation is one of the widely used
model for testing anti-inflammatory
effect of test compounds®. ‘This
experiment is an excellent test for
assessment of cyclooxygenase (COX)
inhibitors'®. Regarding the possible
mechanisms involved in this model, it
has been suggested that several
inflammatory  mediators  such  as
histamine, kinins, PGs and pro-
inflammatory cytokines play their roles
in causing edema formation'?’. Oral
pretreatment of rats with BS extract
resulted in a significant inhibition of
cartageenin-evoked hind paw edema at
all assessment times similar to
diclofenac. The results obt: e from BS
extract suggest that the mechanism of
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action of BS extract may be due to
inhibit PGs synthesis and also suppress
activities of other mediators of
inflammation.

BS extract did not exert any
inhibitory activity on AA-induced paw
edema. This method is widely used for
evaluating  anti-inflammatory  agents
with a mechanism of action different
from COX inhibitor. This experiment 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
inhibitors”. It seems that  anti-
inflammatory 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 inflammatory
reaction. This method is used to assess
the transudative and proliferative
components of chronic inflammation.
Most anti-inflammatory agents,
especially steroids, exert inhibitory
effect on both transudative and
proliferative  phases. Swingle and
Shideman (1972) found that NSAIDs,
such as aspirin, elicit onty slight whereas
steroids show marked suppressive effect
on both transudative and proliferative
phasesm. In this study, BS extract and
diclofenac slightly but significantly
inhibited the transudative weight and
granuloma formation. These results
suggest that BS extract suppresses the
vascular  permeability and  the
proliferative component of chronic
inflammation.

All test drugs could significar
normalize serum ALP activity to normal
level. This effect appears to be related to
the stabilization of membrane of
lysosomal  granules’.  Prednisolone
markedly reduced body weight gam 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
gaiu 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
cither 3 peripheral or central analgesic
mechanisms or  both  of test
compounds®™. Algesia induced by an
intraperitoneal injection of acetic acid (a
noxious agent) causes the liberation of
endogenous substances, i.c., H', K, 5-
HT, histamine, PGs, bradykinin,
substance P and other chemicals which
excite pain nerve endings™?®, S
extract, in a dose-dependent manner, 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 mice. This method
produces intense pain and is specitic for
analgesic agents mediated their strong
inhibitory effect via CNS pain pathway.

Antipyretic activity is commonly
mentioned as a characteristic of drugs or
compounds which have inhibitory effect
on PG synthesis®™. BS extract at the dose
of 300 mgkeg and diclofenac
significantly reduced rectal temperature
at all assessment times,

Since BS extract and  :lofenac
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: nmary, our study indicate tl
BS extract possesses anti-inflammatory,
analgesic, and. antipyretic activities and
that the mechanisms of these actions
may be due to its inhibition on PG
synthesis and release and its minor
inhibitory action on other mediators. Its
mechanism of action and the snectrum
of effects are very likely reseml _ that of
NSAIDs.
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Introduction

Anemia is a common problem in
patients with kidney disease. Anemia is a
deficiency of hemoglobin, the protein in
red blood cell that carries oxygen to all
parts of the body. Normally, the kidneys
produce a hormone called erythropoi-
etin, or EPO, which stimulates the bone
marrow to produce red blood cells.
Chronic kidney discases, however,
cannot produce adequate EPO and these
patients develop anemia wirich lead to an
increased risk of left ventricular
hypertrophy, heart failure and cardiac
mol‘[a]jtyl’z. The anemia from low level
of EPO is the anemia of end-stage renal
disease (ESRDY. 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 various 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 s
produced by the kidney in response to
tissue h)f{poxia and/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 7%, The gene product is a
protein containing 193 amino acids, of
wl* h the first 27 are cleaved during
secretion. __e 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
erythroid progenitors an is internalized
to stimulate a rapid expansion of
erythroid progenitors as well as induces
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release of reticulocytes into circulation,
thereafter, becomes erythrocytes.

In normal subjects, the ranges of
plasma EPO levels vary from 3.3-13.5
TUA, 6-32 TU/L® and 10-30 TU/L". 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.”. The average
EPO level in patients with chromc renal
failure  {(crcatinine  clearance <40
mL/min} is vsually low due to loss of
functional tissues and cells responsible
for EPO production’.

Exogenous EPO for clinical use is
produced by recombinant DNA
technology and the name recombinant
human erythropoietin - (tHuEPQO) or
epoetin is often applied to such products.
Epoetin  alfa, epoetin beta, epoetin
gamma, and epoetin omega are 1HUEPO
derived from a cloned human EPO
gene'®. All have the same 165 amino
acids sequence but ditfer 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 proportion of sialylated
acidic carbohydrate residues’’, The
differences in their degrees of sialylation
are associated with differences in their
pharinacokinetics and pharmacodyna-
Tmics.

In Thailand, epoetin alpha is one
of the best selling diugs. Since the cost
of the innovator is quite high, the need
for less expensive biosimilar products is
increasing.  Several  pharmacentical
companies started __veloping alternative
versions of this biologic product,
referred to as a biosimilar tHuEPO 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 IL.id., Korea, has hee
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marketed, however, the pharmacokinetic
study of this biosimilar product is
lacking. The study therefore set forth to
validate the bioequivalence of Espogen®
to the innovator Eprex® in healthy Thai
male volunteers. If bioequivalence
between the two preparations can be
estal shed, patients may gain access to

Materials and Methods

Drug formulations
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this product with lower cost. However,
further clinical study is mandated to
evaluate its efficacy and safety.

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

Brand name

Manufacturer

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

Vetter Pharma-Fertigung GmbH & Co. KG,

Imported by Janssen-Cilag Ltd. (Thailand)

Langenargen, Germany

Biosimilar Epoetin Alpha 4000 [U
Espogen® 4000 IU/0.4 mL

Imported by Novatec Healthcare. (Thailand)

LG life Sciences Ltd., Korea

Subjects

Twenty healthy nonst  king male
volunteers, aged between 18-40 years
and body mass index within 18-25 kg/m”
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
we as those with known history of
cardiovascular, gastrointestinal, allergic
and pulmonary diseases, renal or hepatic
insufficie vy, newologic: or endocri
disorders, recent cigarette smoking,
alcoholism or drug abuse. No other drug
was allowed 2 months before and during
the study period. The study protocol was
approved by the Human Ethics
Committee, Fact vy of Medicine, Chiang
Mai University. After given written
informed consent, volunteers were
enrolled to the study.

Design, dosage and drug
administration

The study was conducted as an
open-label, randomized, single dose,
two-formulation, two-sequence cross-
over design with a three-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 Eprex® or the test preparation
Espogen® in the upper arm by the same
physician. Volunteers were instructed to
avoid strenuous exertion 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® Erythropoietin ELISA (R & D
System Inc., MN, USA). The standard
curve concentration range was 2.5-200.0
mlU/mL with the correlation 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 ligh) of quality control
(QC) samples. The accuracy of the
measured mean vatues of QC samples
was determined to be 87.73% for the
low, 10531% 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 ehgible
to rece e the second dose if their
hemoglobin and hematocrit 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 ot syr-~tom of adverse
reactions inciuding wlergic reactions
such as rash, swe. g of face or :hing,

90% Cl (ur-pr) = (X X g )+ %04

where
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Pharmacokinetic analysis

Maxim  plasma concentration
(Chax, mU/mL) and time to reach the
peak concentration (Tma h) were
obtained directly by visual inspection of
each volunteer's plasma concentration-
time profile. The area under the plasma
concen tion-time curve (AUC) from
time O-infinity (AUCq.,, mU.h/mL) and
half-life (ty;;, h) were determined 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 elimination rate
constant (X,). The elimination ; was
calculated as 0.693/K,. The AUCq, from
time zero to the last quantifiable point
(Cy) was calculated using the trapezoidal
rule and extrapolated AUC from C; to
infinity (AUC.,) was determined as
CYK,. Total AUCy,, was the sum of
AUCy + AUC..,. The calculation was
performed by wusing the TopFit,
pharmacokinetic data analysis program
for PC.

Statistical analysis

An analysis of variance (ANOVA)
was performed to determine the
statistical ~ differences of phart co-
kinetic parameters (AUCy., Chax, and
Tmax) Whicl represent the extent and rate
of drug absorption. Statistical analysis of
AUCy, AUCs, and Cpe were
performed on the logarithmically (In)
transformed data. The 90% confidence
interval (Cl) for the ratio of AUC as we
as Cpax values of the test preparation
over those of the reference product was
estim:  d using the fi owing equation

258?

n

- X + and X g are the observed means of the (In) transformed parameters (either



30

Thai J Pharmacol; Vol 31: Ne 2, 2009

Cinax or AUC) for the test product (T) and the reference product (R)
- §? is the error variance obtained from the ANOVA

- n is the rumber of volunteers

- t'y,1 is the tabulated two-tail  value for 90% CI

- v is the number of degree of freedom of the error mean square
The antilogarithm of the CI (pr-pir) expressed the bioequivalence as a ratio of test

and reference [p/1ir or Test/Reference].

Bioequivalence acceptance
criteria

The bioequivalence acceptance
criteria require that the 90% CI for the
ratio  Test/Reference of the AUC,,
AUCh.,, and C,ax fall within the interval
of 0.8-1.25"", The bioequivalence
acceptance criterion of Ty, requires that
the Tya difference between test and
reference products lies with the +20% of
the Tyax 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/m’
participated in this study. All volunteers
completed the study without any serious
adverse events and were well tolerated to

SC injections of bot Espogen® and
Eprex®.

The mean  baseline EPO
concenftrations for Espogen® and Eprex®
were 3.924224 (range 2.50-9.98) and
3.98+2.44 (range 2.50-11.16) mU/mL,
respectively. The mean values reported
in healthy subjects were ranged from
3.3-13.5 mU/nL’. The baseline
endogenous levels of erythropoietin for
each volunteer were not statistically
significant  different  (»>0.5). The
pharmacokinetic parameters of EPO and
the mean plasma concentration-time
profiles after SC administration of the
test and the reference products are
shown in Table | 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®)
Crax (mU/mL) 48.23+24.21 48.54+14.66
Med' Tpa (h) ) ) B 8-24)
AUCp., (mU-h/ml) 2849.441973.89 3134.55+£695.25
tin ¢h) 43.0+14.1 45.4%16.7
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After SC administration, the EPQ
plasma concentrations increased slowly.
The median T,y 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, difference of 2.4
h (bicequivalence range +2.5 h) (Table
2).

Table 2 The means and 90% CI of AUC g4, AUChas, Crax and T s

Pharmacokinetic parameter Mean 90% Cl1 Bioequivalence
limit
AUC, (Espogen®/Eprex®) | 04-1.18 0.80-1.25
AUCy., (Espogen®/Eprex®) 1.13 1.05-1.23 0.80-1.25
Cunax (Espogen®/Eprex®) 1.06 0.97-1.17 0.80-1.25
T max (Espogen®—Eprex®) 240 - +2.54h

The range of T, values in this
study were comparable to those values
reported in the literature (8-24 hm). The
delay in absorption after SC route
resulted in sustained EPO concentrations
above baseline levels for 72 h for both
preparations. The mean elimination t;
and the K, of Espogen® (45.4216.7 h,
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0.0170 h") and Eprex® (43.0+14.1 h,
00176 Y were similar and were
comparable to those values reported
previously (6.94-48.27 1), The mean
plasma concentration-time curves of
Espogen® and Eprex® were : o
comparable (Fig. 1). ‘
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Figure 1 Mean plasma concentration-time profiles of EPQ after single SC
a ninistration of 4000 1U Espogen® (-o-) and Eprex® (-+-).
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The relative bioavailability (Fr) of
Espogen®/Ep1'ex® calculated from C,x,
AUC,, and AUC,., were 109%, 112%
and 116%, respectively (Table 1). From
the ANOVA analysis, the residual inter-
subject variability in the AUC,, and
AUC,,. 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 S? obtained from
the  ANOVA  after logarithmic
transformed, for the AUC,,, AUC, ., and
Chux were 12%, 15% and 19%,
respectively.  According  to  the
nomograms and tables of Diletti'®, the
power of test obtained froin this study
for AUC,,, AUC, ., and Cy.x were 90%,
80% and 80%, respectively for the
sample size of 20. The average Cyy of
Espogen® (48.54+14.66 mU/ml) and
Eprex® (48.23424.21 mU/n  were not
significant difference with the mean
(90% CI) of the ratios Test/Reference of
1.06 (0.95-1. "). Similarly, the extent of
absorption of both preparations was
bioequivalent based on the mean (90%
CD of 1.11  .04-1.18) and 1.13 (1.05-
1.23) for the ratios Test/Reference of the
AUCq,, and AUC,, respectively (Table

2). These wvalues were within the
bioequivalent range. The ANOVA
showed no statistically  significant

differences between the AUC and Ca.
vi les with respect to formulation
effects of bo  preparations. We
therefore conclude that Espogen® is

oequivalent to F, 5x® with respect to
the rate and extent of absorption.
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Introduction

Metformin hydrochloride is an oral
hypoglycemic drug approved for the
treatment of type 2 diabetes, The drug has
been widely used for mome 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 glibenclamide)', It is the first-line
drug for diabetes, particularly in
overweight and obese patients and those
with normal kidney function®, In addition,
it 1s the only antidiabetic drug that has
beeu proven to reduce the cardiovascular
complications of diabetes in a large study
of overweight patients with diabetes®,
Metformin acts by decreasing hepatic
glucose production, decreasing glucose
absorption, and increasing glucose uptake
into skeletal muse . The use of metformin
monotherapy has not been associated with
hypoglycemia, however can lower
hemoglobin A by 1.5 to 2%, and
decrease triglyceride concentrations, as
well as toti and I L cholesterol’.
Metformin is aiso being used in polycystic
ovariait syndromeﬁ, non-alcoholic  fatty
liver disease’ and premature puberty”.
Metformin is absorbed mainly from the
small intestine. The drug does not bind fo
plasma proteins and is rapidly excreted
unchanged in the urine with a half-life
(ti2) of about 6 h. The recommended daily
dose is 2.5 g given three times a day with
meals®, The common adverse effects are
gastrointestinal symptoms”'', which will
be relieved by dosage reduction and rarely
require  discontinuation of (reatment.
Lactic acidosis can occur, but is extremely
rare {occurrence of 3 cases per 100,000
patient years)'".
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Recently, a generic preparation of
metformin 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
drug  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 identic:
plasma concentration-time profiles, they
will exhibit no difference in their
efﬁcacy”.

The objective of this study was to
determine the bioequivalence of a generic
850-mg metformin hydrochloride tablet
with the reference preparation in healthy
T  male volunteers.

Materials and Methods

Drug formulations

Reference product; Glucophage® 850-mg
tablet (C  IC Thailand) Ltd, Ayudhaya,
Thailand, (under the license of Merck Sante
s.a.s., FRANCE). Distributor: Merck Ltd.,
Bangkok, Thailand. Lot No. 306001, MFD

29/01/08, EXP 29/01/12).
Test product: Metformin hydrochloride
850-mg "t manufactured by The

Government Pharmaceutical Organization
(GPO), Thailand. Lot No. R51029, MFD
24/02/08, EXP 24/02/10.

Subjects
Twenty-six healthy nonsmoking male
volunteers, aged between 3-50 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 history
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 normal
limit or showing no clinically significant
abnormalities in the opinion of clinician
investigators. Volunteers with known
confraindication or hypersensitivity to
metformin  and its excipients were
excluded as well as those with alcololism
or drug abuse. No other drug was allowed
I month before and during the study
period to avoid the effects of dug
interactions. The present study was
approved by the Research Ethics
Committee of the Faculty of Medicine,
Chiang Mai University, Thailand : [ all
volunteers signed the informed consent
form prior to participating 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 determined before dose
Accu-Chek

Advantage meter (Roche Diagnostics) and

administration  using

volunteers were enrolled, if their FBG
levels were >40 mg%. Volunteers were
given one tat t of either Glucophage® or
the test preparation with 240-mL 20%
glucose solution and were fasted for 2 h
thercafter. Glucose solution and lunch
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were served at 2-h and 4-h post dose. After
a washout period of | week, volunteers
were administered the other brand of the
study drug in the same manner. Identical
meal and fluid were served during the two
study periods. Blood pressure, heart rate as
well as clinical symptoms of hypo-
glycemia were monitored every hour
during the first 4 h after dose and before
each time point of blood samples
collection (at O h and 0.5, 1, 1.5, 2, 2.5, 3,
3.5,4,45,5,5.5,6,8, 10, 14, 24 and 30 h
post dose). The blood samples were
centrifuged for 10 min at 3,000 rpm to
sepawate the plasma, and the plasma
samples were immediately kept at -20 °C
until assay.

Determination of metformin
conrcentrations in plasma

The assay was operated using a
high petformance liquid chromatography
(HPLC) with UV detector set at 234 nm™.
The chromatographic system consisted of
a 150 x 4.6 mm i.d., 5 pm C8 analytical
column and a 10 x 4.0 mm id, 5 pm
guard colunm. 7 : mobile phase was a
mixture of 10 mM NaH,PQ, and 10 mM
sodium dodecyl sulphate (pH
5.1)/acetonitrile  (500/250, v/v). The
systenl was isocratic operated with a flow
rate of O mL/min at 25 °C, 7 :
extraction of metformin and internal
standard (phenytoin) (IS) in plasma was
prepared 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. 1A).
Metformin and IS were clearly separated
at the retention tinie of 8.1 and 9.7 min,
respectively (Fig. I ).
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directly by visual inspection of the plasma
concentration-time profile. The area under
the plasma concentration-time curve from
time O-infinity (AUCy..) and 1ty were
determined 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
elimination rate constant (K.). The
elimination ty;; was calculated as 0.693/K..
The AUCy, from time zero to the last
quantifiable point (C) was calculated
using the trapezoidal rule. Extrapc ted
AUC from C; to mfinity (AUC..,) was
determined as C/K, and total AUCy.., was
the sum of AUC,;, + AUC... The

90% C1 (prpr ) = (X X g ) + %,
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calculation was performed by using the
TopFit pharmacokinetic data analysis
program for PC",

Statistical analysis

An analysis of variance (ANOVA)
was used fo determine the statistical
differences of the pharmacokinetic
parameters. Statistical analyses of 2 Co,,
AUC.,, and Cy, were perforimed on
logarithmically (In) transformed data,
thereafter, using the variance estimate (Sz)
obtained from the ANOVA, the 90%
confidence intervals (CI) for the ratio
Test/Reference of AUCy,, AUC.., and
Chax were calculated using the following
formula:

258*

n

- X rand X r are the observed means of the (In} transformed parameters

(either Chax or AUC) for the test product (T) an  he reference product (R)

- §% is the error variance obtained from the ANOVA

- nn is the number of subjects

- t'01 is the tabulated two-tail ¢ 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 (ur-pg)
expresses the bioequivalence as a ratio of
the test product and the reference product.
Analysis of Ty was expressed as
untransformed data.

Bioequivalence acceptance criteria

The bioequivalence intervals of 00.8-
1.25 for the ratios Test/Reference of the
average AUC and Cp; are accepted by
the Thai FDA', whereas the stipulated
bioequivalence range of Ty difference

[Test-Reference] is +20% of the Thax of
the reference formulation'.

Results and Discussion
All  volunteers completed the
U thout any riov  adverse event.
However, on study day 1, volunteer No.
7 felt dizziness and light-headedness
after being iuserted 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 104/60 mmHg and 59 beats/min
(regular rhythm) at the time he had
symptoms. | . was diagnosed as
vasovagal fainting and was put in a
horizontal posture. His ECG was normal
sinus rhythm. After 10-20 miu, he felt
hetter 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 dose)
he had no abnormal symptom and
continued normal activity. Volunteer No.
17 had mild light-hcadedness at 3 h atter
the dose on study day | despite his
norimal 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 day
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 study day
16 (AST =202 unit and ALT = 131 unit)
and returned to normal values on study

y 25 (AST = 22 unit and ALT = 28
unit). Table | illustrates metformin
pharmacokinetic parameters including
Cuaxs Twaxe AUC,., and t;n of the
reference and the test products,
respectively. In addition, their mean
plasma metformin concentration " ne
profiles are depicted in Fig. 2. The
means of ty; of the test (3.31£ 35 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 literature (average ty;; of
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3.140.7 h)m. The T,,.x for the test and the
reference products were 2 h and 2.25 h,
respectively. The Ty, obtained from this
study were also similar to those values
previous reported in the literature (Tp,y
of 2-3 11)13‘16. Moreover, the Ty, of both
preparations were not significantly
different and the T,y difference of -0.10
h was within the bioequivalence range of
+0.48 h (Table 2). The means (£SD) of
Chass AUC,: and AUC, ., of the test
product were not significantly different
from those of the reference counterpart
(Table 1). The relative bicavailability (Fr))
catculated from Cp and AUC was 4 %
and 111 9%, respectively. From the
ANOVA after logarithmic transtormed
data, the inter-subject variability of the
AUC and Cpy was significantly high
{(p<0.05). These findings were expected
since some volunteers exhibited cither
extremely high or extremely low values of
AUC and C,,,c. However, the intra-subject
coefficients of variation (% CV) estimated
from $* were 12% and 15%, respectively,
for the AUC and C,., therefore, the
calculate power of test was >80%"". The
AUC analysis showe that the sampling
time was adequate and the calculated
AUC-extrapolation was less than 20%.
Bioequivalence analysis (Table 2) showed
no significant difference between the two
preparations. The means (90% CI) ofthe
ratios Test/Reference for AUCq,, AUCq.,
and Chne were ~ 9 (1.04-1.16), .10
(1.04-1.16)  and  1.12  (1.04-1.20),
respectively. These values and the value of
Tuax  difference were  within  the
bioequivalence range, thus, our study
demonstrated the bioequivalence of the

two preparatious.
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Table 1 Comparison of metformin pharmacokinetic parameters after single oral
a ninistration of 850-mg metformin hydrochloride of the reference

(Glucaphage®) and the test products

Pharmacokinetic parameter Reference product Test product
Chax (mU/mL) 2532.394+688.49 2798.52+588.88
Median Ty (h) 2.25 (range 1-4) 2.0 (range 1-4)
AUCy.,, (mU-h/ml) 14065.67+2754.49 15440.55£3103.47
tys2 (h) 3.52+0.34 3.2 t0.55

Table 2  1e means and 90% ( of Test/Reference ratios of AUCy., and Cyx and Ty

difference with their acceptable ranges

Pharmacokinetic Mean 90% CI1 Acceptable range
parameter
AUCy. (Test/Reference) 1.09 1.04-1.16 0.80-1.25
AUCy., Test/Reference) 1.10 1.04-1.16 0.80-1.25
Cnax (Test/Reference) 112 34-1.20 0.80-1.25
Tmax (Test- Reference) -0.10 - +0.48 h
3500
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E 2000
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2
2
£ 150
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Figure 2 Mean (£5SD) plasma concentration-time profiles after single or:  Jose of 850-
mg metformin hydrochloride of the test and the reference product
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Instruction for Authors

The Thai Journal of Pharmacology serves as the official journal of the
Pharmacological and Therapeutic Society of Thailand. The journal is designed to contribute
to the publication of researches and information exchanges in the field of pharmacology and
related fields. The manuscripts should not have been published before. Original full length
scientific research papers, short communication, case report, letter to editor, minireviews,
pharmacological digest and new drugs profile will be included in this journal .

Manuscripts

Three copies of manuscripts, diskette(s) and illustration(s) are required. Manuscript of
research articles should be written in Eng sh, the others can be either English or Thai. The
preparation of the manuscript should be in the form of Microsoft Word (front: Times New
Roman size 10). Pages should be numbered consecutively, including the title page.

Table and illustration should be numbered with Arabic figures consecutively in the
order of first citation in the text and supply a brief title for each. Explain in footnotes alt non-
standard abbreviation that are used. Illustrations should be professionally drawn and
photographed or produced on a laser printer. Nomenclature should follow the
recommendations of the International Union for Pure and Applied Chemistry (1UPAC), and
the International Union for Biochemistry (IUB}). A measurements must be in System
International (SI) units.

Research articles
The research papers should contain a) title, b) abstract, c) keywords, d) introduction,
¢) material and methods, ) result, g) discussion, h) references.

The titfe page: Should contain the title of the article, author(s) name and affiliation (s)

laboratory or institute of origin and address. Name and complete address of author responsible

for correspondence about the manuscript should be also placed at the foot of the title page.

An abstract limited to approximately 250 words should be carried in this page. It should be

informative and state concisely what was done, results obtained and conclusion. Three to ten

keywords or short phrases appropriate for subject indexing should be typed at the bottom of

abstract.

Introduction: State clearly the purpose of article, the rationale for the study or observation.

Relevant previous study should be cited and do not review the subject extensively .

Mafterials and Methods: Describe the sufficient detail of the method, experimental subjects

( patients or experimental animals, including controls) clearly. Identify the method, apparatus

(manufacturer’s name and address in parenthesis). Give references to established method,
udy design and s istical method .

Results: Present your results in logical sequence in the text, tables, and illustrations. Only

important observations should be summarized and eniphasized. Do not repeat in the text all

the data in the table or illustrations.

Discussion: Comment on the results an integrate them with the existing knowledge and

point out the field. Recommendation may also be included.
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should be acknowledged in a paragraph.
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References: Place the number references consecutively in the order in which they are first
mention in the text. Use the style of the examples below:

Examples

Articles in journals
(1) Standard journal article (List all authors, but if the number exceeds three give three
llowed by et al}

You CH, Lee KY, Chen RY, et al. Electrogastrographic study of patients with
- unexplained nausea, blotting and vomitting . Gastroenterology 198(; 79:311-4.

(2) Organisation as author

The Royal Marsden Hospital Bone-marrow Transplantation Team. Failure of
syngeneic bone-marrow graft without preconditioning in post-hepatitis marrow
aplasia. Lancet 1977;2:742-4.

(3) No author given
Coffee drinking and cancer of the pancreas (editorial). BMJ 1981;283-628.
(4) Volume with suppleinent

Magni F, Borghi S, Berti F. BN-52021 protects guinea-pig from heart anaphylaxis.
Pharmacol Res Commun 1988;20 suppl 5:75-8.

(5) Books and other monographs

5.1 Personal author(s)
Colson JH, Armour WI. Sports injuries and their treatment. 2™ rev ed. London: S
Paul, 1986.
5.2 Editor(s), compiler as author
Diener HC, Wilkinson M, editors. Drug-induced headache. New York Springer-
Verlag, 1988.
5.3 Chapter in a book
Jaffe JH, Martin WR. Opioid analgesics and antagonists. In: Gilman AG, Goodman
LS, Gilman A, editors. The Phannacological basic of therapeutics. 6™ ed. New York:
MacMiilan Publishing, 1980:494-543.
5.4 Conference proceedings
Vivian VL, editor. Child abuse and neglect: a medical community response.
Proceeding of the first AMA National Conference on Child Abuse and Neglect; 1984,
Mar 30-31; Chicago. Chicago: American Medical Association, 1985.

(6) Dissertation

Youseft NM. School adjustment of children with congenital heart disease (dissertation).
Pittsburg (PA): Univ of Pittsburg, 1988.

(7) In press
I ywhite HB, Donald JA. Pulmonary blood flow regulation in an aquatic snake.
Science. In press.
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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  rm. Tt
should not exceed 2 print pages and may contain one table and one illustration,

Manuscript submission

All manuscripts are to be submitted to editor or associate editors, Thai Journal of
Pharmacology, Department of Pharmacology, Faculty of Medicine, Chulalongkorn
Univer vy, Chulalongkorn Hospital, Rama IV Road, Bangkok 10330, Thailand. All paper are
critically reviewed by the invited referees. Reviewers’ comments are usually returned to the
authors. The editorial board will decide upon the time of publication and retain the right to
modify the style of contribution. However, major changes will be agreed with the authors.
Authors will receive 25 reprints free.

Copyright
The Pharmacological and Therapeutic Society of Thailand holds the copyright on all
material appearing in the journal.
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