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RESEARCH ARTICLES

Subchronic Effects of Barakol on Blood Clinical
Biochemistry Parameters in Rats Fed with Normal and
High Cholesterol Diets

Rawiwan Maniratanachote', Pornpimol Kijsanayotin', Laddawal Phivthong-ngam?,
Watchareewan Thongsaard”, Nuansri Niwattisaiwong' and Somsong Lawanprasert'

Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand
’F aculty of Medicine, Srinakharinwirot University, Bangkok, Thailand

Abstract

Subchronic effects of barakol, a major constituent in flowers and young leaves of
Cassia siamea Lam., on blood clinical biochemistry parameters were investigated in this
study. Thirty-two male Wistar rats were randomiy assigned into 4 groups. The first two
groups were fed with normal or high cholesterol diets serving as control groups. The other
two groups were fed with normal or high cholesterol diet along with 30 mg/kg/day barakol
given orally, After 90 days of treatment period, serum sample and whole blood of each rat
were assessed for blood clinical biochemistry parameters and hematology. Normal or high
cholesterol diet-fed rats treated with barakol demonstrated a significant decrease in TG but
increases in total and direct bilirubins. A significant decrease in ALP was found in high
cholesterol diet-barakol treated group, but there was no change in normal diet-barakol treated
group. There were no significant effects of barakol on the following parameters: SGOT,
SGPT, BUN, SCr, total cholesterol, LDL-C, HDL-C, LDL-C/HDL-C ratio, serum glucose,
Hb, Het, platelet count, WBC count and % differential WBCs in both dietary conditions. In
addition, rats fed with high cholesterol diet showed significant increases in SGOT, SGPT,
ALP, total cholesterol, LDL-C, and LDL-C/HDL-C ratio as compared to the normal diet
group. The alterations of these parameters might indicate the different types of liver injury
caused by barakol treatment and hypercholesterolemia condition. Further studies on the
effects of various doses of barakol on blood clinical biochemistry parameters as well as the
mechanisms of which barakol-induced liver injury are in progress.

Key words: barakol, Cassia siamea Lam., high cholesterol diet, blood clinical biochemistry
parameters

Address correspondence and reprint requests to: Somsong Lawanprasert, Faculty of Pharmaceutical
Seiences, Chulalongkorn university, Bangkok 10330, Thailand. E-mail: 1somsong{@chula.ac.th
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Introduction

Cassia siamea Lam. is a plant in
family Leguminosae' that is generally
grown in tropical countries, In Thailand,
flowers and young leaves of this plant
have been used as a sleeping aid, increase
appetite as well as an ingredient in Thai
food recipe. In 1949, Arunlaksana found
thal crude ethanol extract of C. siamea
leaves decreased movement and activity in
animals but not sleep despite being given
at high doses®. The major constituent in
flowers and young leaves of C. sigmea,
barakol, was first extracted by Hassanali ef
al in 1969°. Barako! (C;3H;04) has a
chemical name of 3a,4-dihydro-3c,8-
dihydroxy-2,5-dimethyl-1,4-dioxaphe-
nalene or  2.5-dimethyl-3aH-pyrano-
[2,3,4-de]-1-benzopyran-3a,8-diol (Figure
1)*. The physical characteristics of this
compound are pale yellow needle crystals
with boiling point of 165°C*. A proposed
synthesis of barakol was described by
Bycroft et al. in 1970°.  Subsequently,
pharmacological and physiologicat
properties as well as toxicity of barakol
were studied continuously, including the
effects on central nervous system,
cardiovascular system and antimicrobial
effect, as summarized by Thongsaard °.

OH

Figure 1 Chemical structure of barakol
(3a,4-dihydro-3a,8-dihydroxy-2,5-
dimethyl-1,4-dioxaphenalene)

Following intraperitoneal adminis-
tration of barakol to mice in an acute
toxicological study, it was found that
barakol possessed a median convulsant
dose, CDsg, 0f 296.71 mg/kg and a median
lethal dose, LDs,, of 324.09 mg/kg’.
Acute hepatitis was reported in patients at
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Memorial Hospitals in 1999 when 20-40
mg/day of C. siamea capsules were taken
for 7-60 days®.

Recent pharmacological study has
focused on the anticarcinogenic and anti-
mutagenic effects of C. siamea leaves.
Interestingly, it was found that hexane,
chloroform and methanol extracts of
flowers and young leaves of C. siamea
protected rats against aflatoxin B-induced
mutagenesis’. Moreover, the chloroform
and methanol extracts prevented muta-
genesis induced by benzo(a)pyrene’. This
group of researchers also studied the
effects of C. siamea leaves on hepatic
drug-metabolizing enzymes in rats.
Feeding rats with 5% dietary C. siamea
leaves for 14 days resulted in a significant
increase in phase II detoxifying enzyme
activities including GST and uridine 5'-
diphosphoglucuronosyltransferase
(UDPGT), along with a decrease of some
bioactivting enzyme activities in the CYP
systems such as aniline 4-hydroxylase and
aminopyrine N-demethylase™.

Since subchronic toxicity of barakol
has not yet been reported, blood clinical
biochemistry parameters in rats were
investigated in this study. In addition,
barakol was shown to possess an
advantage on the cardiovascular system
such as hypotensive effect in both systolic
and diastolic blood pressure in rats and
cats, reduction in the contraction of
isolated rat thoracic aorta induced by
phenylephrine'’, and reduction of heart
rate in anesthesized rats™. Hyper-
cholesterolemia is a risk factor of athero-
sclerosis, which is generally associated
with almost cases of cardiovascular
disease”. Therefore, this experiment was
performed in rats fed with normal or high
cholesterol diet to study the lipid-lowering
effects of this compound as well.

Materials and Methods

Barakol solution

Barakol was extracted by Assist.
Prof. Dr. Watchareewan Thongsaard,
Department of Physiology, Faculty of
Medicine, Srinakharinwirot University,
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Thailand. Briefly, fresh young leaves of C.
siamea were cut into small pieces and
boiled with 0.5% sulfuric acid. The water
extract was alkalinized with concentrated
sodium hydrogen carbonate solution,
further extracted with chioroform, shaked
with 5% aqueous acetic acid until
colorless, neutralized with concentrated
ammonia seclution, and cooled. Crude
crystallized barakol (greenish yellow) was
added with concentrated hydrochloric acid
and dried immediately with Afiltrated
vacuum. The obtained crystallized-yellow
needies was anhydrobarakel hydrochloride
(MW 251.4)". The administrated solution
was freshly prepared by dissolving
anhydrobarakol hydrochioride in distilled
water to make a concentration of 30
mg/ml. The solution appeared greenish
yellow in color and was reported to be
stable for about 1 hour after preparation®.

Animals

Thirty-two male Wistar rats
weighing between 200-250 g were
obtained from the National Laboratory
Animal Center, Mahidol University,
Salaya, Nakornprathom, Thailand.
Animals were kept in animal care facility
at Srinakharinwirot University, Bangkok,
Thailand and acclimatized for at least 1
week before the experiment. All animals
were allowed free access to food (S.W.T.
Ltd., Thailand) and drinking water. Light/
dark period and temperature were
controlled at 12/12 hour cycle and 25°C,
respectively. During the time of experi-
mentation, body weight of each rat was
recorded every 2 weeks.

Animal treatment

Rats were randomly assigned into 4
treatment groups fed orally with 1) normal
diet, 2) high cholesterol diet, 3) normal
diet with 30 mg/kg/day barakol, and 4)
high cholesterol diet with 30 mg/kg/day
barakol for 90 days. High cholesterol diet
composed of 1% cholesterol diet mixed
with 2% sodium choleate.

At the end of the treatment period,
the animals were fasted for 10 hours
before anesthesized intraperitoneally with
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06 - 1 ml of pentobarbital sodium
(Nembutal®). Blood was drawn from the
left ventricle for an approximate volume
of 5 ml. Five hundred microlitre of whole
blood was transferred to a microtube
containing a few grains of EDTA sodium
and mixed thoroughly. The remaining
blood was transferred to another tube,
allowed to stand in a slope posture in
order to collect the highest amount of
serum and kept at — 4°C until the time of
analysis. Whole blood and serum were
investigated for the hematology and blood
clinical biochemistry parameters, respec-
tively. Meanwhile, the liver was also
removed and weighed.

Determination of blood clinical
biochemistry parameters

Serum samples of individual rat
were measured for the following
parameters using specific test kits: serum
glutamic oxaloacetic transaminase
(SGOT), serum  glutamic  pyruvic
transaminase  (SGPT) and alkaline
phosphatase (ALP) (Enzyline®, bioMé
rieux sa), total and direct bilirubin (Bili-
T/D®, Mérieux Vitek Inc.), blood urea
nitrogen (BUN) (Urée cinétique UV®,
bioMérieux sa), serum creatinine (SCr)
(Créatinine cinétique®, bioMérieux sa),
total cholesterol (Cholestérol RTU®,
bioMérieux sa), triglyceride (TG)
(Triglycérides Enzymatique PAP 150%,
bioMérieux sa), glucose (Glucose RTU®,
bioMérieux sa), low density lipoprotein
cholesterol  (LDI-C) (LDL-C Plus®,
Rocke) and high density lipoprotein
cholesterol (HDL-C) (HDL-C Plus®,
Roche). Whole blood sampies were
measured for hemoglobin (Hb), hematocrit
(Hct), platelet count, white blood cell
(WBC) count and % differential WBCs.

Statistics

All numeric data were presented as
mean + SE. Statistical analysis was run on
SPSS  for Window version 7.5.
Independent-samples ¢ test was used for
comparisons between the two groups at a
significant level of p < 0.05.
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Results

Barakol had no effects on body
weight gain (Figure 2), terminal. body
weight, liver weight and relfative [liver
weight in both normal diet and high
cholesterol diet rats (Table 1). However,
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high cholesterol diet rats comparing with
normal diet control rats showed a
significant increase of liver weight (16.32
+1.02 vs, 1036 + 0.23; p<0.05) and
relative liver weight (3.55 + 0.24 vs. 2.34
+ 0.08; p <0.05).
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Figure 2 Subchronic effects of barakol on body weight gain
Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30 mg/kg/day
(C-BK) and high cholesterol diet with oral barakol 30 mg/ke/day (T-BK) for 90 days. Body weight
gain of each rat was recorded every two weeks.
independent-samples f test for comparisons between the two groups (C-BK vs. Cand T-BK vs. T) at a

significant level of p < 0.05,

The statistical analysis was performed using

Table 1 Subchronic effects of barakol on terminal body weight, liver weight

and relative liver weight

Group
C C-BK T T-BK
Terminal body weight (g) 444 + 11 426 + 14 463 £ 16 422 +22
Liver weight (g) 10361023 1029+0.60 1632+1.02 1629+1.25
Relative liver weight 234+008 241+£011 3.55+024 382+0.15
(% of body weight)

Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30
mg/kg/day (C-BK) and high cholesterol diet with oral barako! 30 mg/'kg/day (T-BK) for 90 days.
The statistical analysis was performed using independent-samples ¢ test for comparisons between
the two groups (C-BK vs. C and T-BK vs. T) at a significant level of p < 0.05.
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Figure 3 Subchronic effects of barakol
on blood clinical biochemistry para-
meters: SGOT (a), SGPT (b), ALP (c),
total bilirubin (d), direct bilirubin (e),
BUN (f), SCr (g), total cholesterol (h),
LDL-C (i), HDL-C (j), LDL-C/HDL-C
ratio (k), TG (1), glucose{(m).

Rais were fed with normal diet (C)
or high cholesterol diet (T) along with
oral distilled water 1 ml/kg/day (control)
or barakol 30 mg/kg/day (BK) for 90
days. The statistical analysis was done
by using independent-samples t test for
comparisons between the two groups at a
significant level of p <0.05.

* significantly different from the corres-
ponding diet control groups.
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Table 2 Subchronic effects of barakol on hematology

Group

Hematology C C-BK T T-BK
Hb 1453+ 040 14861042 13.88+0.25 1432+0.28
Het 44 +1 44 +1 42 +1 43 +1
Platelet count 329 1 51 314+ 26 346 + 18 331+£23
WBC count 1.53 + 0,27 1.91 +£0.19 1.94 + 0.34 1.90+0.44
% differential WBCs

- Neutrophil 29+2 23+2 2445 24+4

- Leucocyte 69+ 2 72+2 72+4 73+£3

- Monocyte 240 442 2+1 2+0

- Eosinophil 140 140 140 140

Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30
mg/kg/day (C-BK) and high cholesterol diet with oral barakol 30 mg/kg/day (T-BK) for 90
days. Values perform as mean + SE. The statistical analysis was performed using
independent-samples ¢ test for comparisons between the two groups (C-BK vs. C and T-BK

vs. T) at a significant level of p < 0.05.

Serum sample and whole blood of
individual rat were measured for blood
clinical biochemistry parameters and
hematology, respectively.  Subchronic
exposure (90 days} of oral barakol 30
mg/kg/day in rats fed with normal and
high cholesterol diets demonstrated a
significant increase of both serum total
and direct bilirubins (Figure 3d,3e) but a
significant decrease of TG comparing with
their corresponding control rats (Figure
3l). Barakol showed an advantageous
effect on liver function of high cholesterol
diet-fed rats as demonstrated by a decrease
of ALP comparing with the corresponding
control group (Figure 3c). There were no
significant effects of barakol on the
following parameters: SGOT, SGPT,
BUN, 5Cr, total cholesterol, LDL-C,
HDL-C, LDL-C/HDL-C ratio, glucose,
Hb, Het, platelet count, WBC count and %
differential WBCs in both dietary
conditions (Figure 3a-3b,3f-3k,3m) (Table
2).

Compared with normal diet rats,
high cholesterol diet rats demonstrated
significant increases of SGOT (274 + 30
vs 179 £ 10; p<0.05), SGPT (188 + 48 vs.
36+2,p<0.05), ALP (91 £ 5vs. 62+ 3; p
<0.05), total cholesterol (92 + 10 vs. 64 +

4; p<0.05), LDL-C (63 £ 11 vs. 8+ 0.5;p
<0.05) and LDL-C/HDL-C ratio (0.868 +
0.186 wvs. 0.101 = 0.006; p<0.05).
Markedly increases of SGPT and LLDL-
C/HDL-C ratio in high cholesterol diet
rats accounted for about 5 and 9 fold, res-
pectively, of those in the normal diet rats,

Discussion

Barakol, a major constituent in
flowers and young leaves of C. siamea,
was investigated for subchronic effects (90
days) on blood clinical biochemistry in
rats fed with normal and high cholesterol
diets. A study by Thongsaard and colla-
borators in 1996 indicated that barakol
given intraperitoneally to rats at a dose of
10 mg/kg demonstrated an anxiolytic
profile on the elevated plus-maze similar
to that induced by diazepam. An increase
in exploratory and locomotor behavior,
which was not produced by diazepam, was
also found at this dose of barakol". This
was an interesting advantage of barakol
over benzodiazepines regarding its anxio-
lytic effect without sedation. However, at
the higher doses (25 and S0 mg/kg, i.p.),
barakol produced less effects on anxiolytic
property and the decreased in exploratory
and locomotor behavior were observed.
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At very high dose (75 mg/kg, i.p.), lost an
anxiolytic property but the sedative effect
was found'. Sedation and antianxiety
were indications of C. siamea capsules in
clinical use. It may be traumatic for the
animals to receive the drug ip. for 3
months to investigate subchronic effect,
oral route was used to study instead.
Because of the effects of absorption and
bicavailability of drugs, oral adminis-
tration given lower plasma concentration
than i.p. administration”. And due to no
previous report on pharmacokinetic of
barakol, the oral dose used in this study
(30 mgkg/day) was approximately
expected to pive the same degree of
plasma concentration of i.p. dose with
effectively anxiolytic effect (10 mg/kg).

Subchronic treatment of oral 30
mg/kg/day barakol demonstrated a marked
increase of total and direct bilirubin in
both normal diet- and high cholesterol
diet-fed rats. These findings were con-
sistent with those studied in rats receiving
dry C. siamea leaves at dosages of 200
and 2,000 mg/kg/day for 6 months'® as
well as those reported in patients with
history of taking 20-40 mg/day C. siamea
capsules for 7-60 day at Phramongkutklao
and Chulalongkorn Memorial Hospitals®,
The elevation of serum levels of
endogenous compounds that are normally
concentrated in bile such as bile acid and
billirubin, is a useful biochemical marker
indicating liver injury from biliary
secretion defect defined as canalicular
cholestasis’’.  Barakol did not cause an
increase of SGOT, SGPT and ALP in both
normal and high cholesterol diet-fed rats.
This might be an implication that biliary
secretion defect should be responsible for
the liver injury induced by barakol at the
dosages used in this study rather than an
effect of barakol on hepatic parenchymal
cells.

High cholesterol diet-fed rats
demonstrated an increase of total choles-
terol, LDL-C, LDL-C/HDL-C ratio along
with an increase of SGOT, SGPT, ALP as
well as the relative liver weight. There
are two broad categories of liver injury
commonly found, cholestasis and hepato-
cellular damage. Cholestasis is charac-
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terized by a predominant elevation of ALP
and gamma-glutamyltranspep-tidase (y-
GT) whereas hepatocellular damage is
detected by an elevation of hepatic
parenchymal enzymes such as SGOT and
SGPT'™. It is likely that high cholesterol
diet feeding is responsible for a mixed
pattern of these abnormalities. Accom-
panying the increase of relative liver
weight that indicates enlargement of the
liver, an accumulation of fat in the liver
might be involved in lipid induced liver
injury in this group of animals.

Barakol seemed to possess an
advantage on liver function as demon-
strated by a decrease of ALP in high
cholesterol diet group. 1In general, no
single test such as aminotransferases, ALP
and so on is satisfactory for the assessment
of all forms of liver injury. The 4 major
test categories recommended for eva-
luation of experimental hepatic injury in
laboratory animals include serum hepatic
enzyme tests, hepatic excretory tests,
alterations in the chemical constituents of
the liver and histologic analysis of liver
injury’”, Therefore, a decrease of serum
ALP but not serum aminotransferases and
bilirubin caused by barakol treatment in
high cholesterol diet rats was not a clear
indication regarding significant improve-
ment of hepatic function.

According to the Frederickson/
WHO calssification of hyperlipopro-
teinemia, the pattern of elevations of LDL-
C and total cholesterol (but not necessarily
an increase of TG) is classified as Type Ila
hyperlipoproteinemia in  human that
indicates high atherosclerosis risk”®. The
high cholesterol diet rats in this study
possessed all of those characteristics
{elevation of total cholesterol, LDL-C,
LDL-C/HDL-C ratio, but not TG) as
mentioned in Type Ila hyperlipopro-
teinemia. Barakol (30 mg/kg/day)
administration orally along with normal or
high cholesterol diet caused only a
significant decrease in TG, but showed no
significant effects on total cholesterol,
LDL-C, HDL-C and LDL-C/HDL-C ratio.
This characteristic effect of barakol at the
dose used in this study seemed to offer no
advantage for this model of hyper-
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cholesterolemia. This result was
inconsistent with a previous study in
which C. siamea leaves were given to rats
at the dosage of 2,000 mg/kg/day for 6
months. They found that C. siamea leaves
caused a significant decrease in serum
cholesterol and triglyceride'®, The
differences of doses, duration of treatment
or other constituents in C. siamea leaves
may contribute to the lowering effects of
the lipid profiles in serum.

In this study, barakol exhibited no
significant effecis on these following
parameters: BUN, SCr, serum glucose,
Hb, Het, platelet count, WBC count and %
differential WBCs. These findings
provided a preliminary information that
barakol given subchronically at the dose
used in this study exhibited no toxic
effects on renal function, carbohydrate
metabolism  and  hemopoietic  system.
Further studies on the mechanisms of
which barakol induced liver injury as well
as effects of various doses of this
compound on blood clinical biochemistry
parameters should be performed.
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Modified Method for Serum Paraxanthine/Caffeine Ratio:
An Index of CYP1A2 Activity

Yaowarat Hinsui, Supeecha Wittayalertpanya

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330,
Thailand,

Abstract

The ratio of paraxanthine/caffeine is generally used to be an index of CYP1A2 activity.
The assay of serum paraxanthine/caffeine ratio was modified from the method of Koch J.P,
et al. The validation of a reverse phase high performance liquid chromatography (HPLC)
method with UV detection for both paraxanthine and caffeine in serum was described. The
optimum time of blood sampling after caffeine intake was detected in a pilot study. Each
subject took a 180 mg single oral dose of caffeine solution. Blood samples were collected
before and 1,2,3,4,5,6 and 8 hours after caffeine intake and analyzed further by HPLC. The
assay validation was shown as these parameters. The lower limit of detection of the assay was
0.125 pg/ml and 0.25 pg/ml, for paraxanthine and caffeine, respectively. Accuracy expressed
as % recovery, those range were 97.73 - 105.49 % and 95.84 — 100.63 %, for paraxanthine
and caffeine, respectively. The precision expressed as relative standard deviation, the results
were 2.88% and 5.25% for intraday and interday assay of paraxanthine, and 3.07% and
5.78% for intraday and interday assay of caffeine. Linearity of calibration curve of both were
covered 0 — 8 pg/mi ( R>= 0.9999 ). Serum samples were stable when stored at —70°C for 24
weeks. The best sampling time of serum paraxanthine/caffeine ratio was 5 hours afier
caffeine intake. This method is simplified and reliable for serum paraxanthine/caffeine ratio
determination as an index of CYP1AZ2 activity.

Keywords : paraxanthine/caffeine ratio, CYP1A2, HPLC
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Introduction

In vivo study, CYP 1A2 activity can
be measured'. Phenacetin, a substrate of
CYP 1A2 was assayed for CYPIA2
activity in previous report, but it has
carcinogenic activity®. Presently, caffeine
(1,3, 7-trimethylxanthine:137X) is the most
popular probe for CYP 1A2 activity deter-
mination because it has low toxicity™.
Biotransformation of caffeine is virtually
confined to the liver and about 16
metabolites are excreted in urine'”.
Caffeine undergoes demethylation to
paraxanthine (1,7- dimethylxanthine:17X)
as the major metabolite (84%) while
others are minor metabolites (Fig.l)ﬁ.

CYPIAZ is the major enzyme for
caffeine metabolism. A number of
parameters based on caffeine metabolism
have been selected as marker of CYP 1A2
activity, including caffeine breath test,
urinary caffeine metabolites ratio and
plasma or serum caffeine metabolites
ratio'”’. The first .is tested by the
measurement of *CO, or “CO, following
a dose of caffeine labeled in the N3-
methy! group®. The requirement for iso-
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Figure 1 Metabolic pathway of caffeine
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tope labeled and specialized equipment is
needed to measure the labeled carbon-
dioxide in exhaled air'. The second is the
determination of caffeine and its
metabolites in urine after caffeine
intake® This method based on either
secondary or tertiary metabolites, are not
ideal indices of CYPI A2 activity because
these metabolites are not exclusively
formed by CYPIAZ. Futhermore, these
methods might vary substantiaily with
factors such as urinary flow, inter-ethnic
differences in renal function and sampling
time of urine collection'”. The last one is
the determination of caffeine and its
metabolites in plasma or serum.
Paraxanthine/caffeine ratioc has been
recognized as a good index for CYP1 A2
activity because paraxanthine is a major
metabolite and catalyzed by CYPIA2
only’””. In previous report{3'4), blood
samples were collected at 4 or 6 hours
postdosing of caffeine in which a high
level of paraxanthine appeared.

The main purpose of this study was
to develop a high performance liquid
chromatography (HPLC) method for the
determination of paraxanthine and
caffeine in serum. We detected the best
sampling time for paraxanthine/caffeine
ratio assay in a pilot study.

Material and method
Samples

Pool human sera were obtained
from healthy volunteers who abstained
from caffeine containing food and
beverage 3 days. In pilot study, serum
samples were collected from three female
healthy wvolunteers who abstained from
caffeine containing food and beverage 3
days and not exposed to compounds or
drugs  which  interfering  caffeine
metabolism. Each subject took a 180 mg
single oral dose of caffeine solution.
Blood samples were subsequently
collected at 1,2,3,4,5,6 and 8 hours after
caffeine administration. The sera were
separated and stored at —-70 °C until
analysis.
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Reagents

Caffeine (anhydrous, BP grade,
betch no71015), paraxanthine and 8-
chlorotheophylline as the internal standard
were obtained from Sigma Chemical
Co.Ltd. Trichloroacetic acid and acetic
acid were purchased from MERK, methyl
alchohol HPLC grade from Lab Guard and
acetonitrile HPLC grade from Scharlau
Chemie S.A. Tetrahydrofuran was
obtained from Farmitalia Carloerba.
Double distilled water was used
throughtout this investigation.

Apparatus

HPLC apparatus from Spectra
System Thermo Separation Products was
consisted of a model P1000 for delivering
the mobile phase, a model automatic
injector AS 3000 for injection samples and
UV detector with a model of UV 1000
used to monitor paraxanthine, caffeine and
8-chlorotheophylline at the wavelength of
273 nm. A p bondapak C18 stainless steel
column (30 cm, 3.9 mm, LD. Water
Associates) was suitable in the condition.
A computer system with PC1000 software
was used to analyse peak and set the
standard system

Method

Serum samples

Stock  standard  solution of
paraxanthine and caffeine were prepared
and used to spike into the pool serum. The
series of serum paraxanthine and caffeine
standard concentration were 0 (blank
serum), 0.5, 1, 2, 4 and 8 pg/ml. Serum
samples obtained from volunteers who
took 180 mg of caffeine were prepared to
assay.

Sample preparation

The sample preparation was
modified from Koch J.P. et al'’. Serum
protein was precipitated before the
samples injected into the chromatographic
system. Procedure for preparing the
sample was achieved by the following,
500 pl of serum sample added with 200 pi
of internal standard, 500 pl of methanol
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and 500 pl of 10% trichloroacetic acid.
The sample was mixed on a vortex mixer
for 1 minute and centrifuged at 4,000 rpm
for 15 minute. 50 pl of the supernatant
was injected into the HPLC system.

Ckromatographic condition

The mobile phase for paraxanthine
and caffeine assay was the mixture of
acetic acid, tetrahydrofuran, acetonitrile
and water (1:3:40:456). The mixture was
adjusted to pH 5.6 and filirated over a
Mililipore filter before used in the assay.
The mobile phase was delivered to HPLC
system at flow rate 1.2 ml/min and UV
wavelength 273 nm. Quantitation was
based on peak area integration by
software P1000 computer system.

Method validation

Analytical method validation was
modified from the method described by
Koch J.P et al'® and Guidance for industry:
Bioanalytical method wvalidation (U.S.
Department of Health and Human
Services FDA, CDER, CVM. May 2001,
BP)'.

The analytical method developed
was validated to ensure the acceptability
of the performance. The parameters
determined are lower limit of detection,
accuracy, precision, specificity, linearity
and stability.

Statistical analysis

The  statistical program  was
employed by computerization of the mean,
standard deviation, percentage of relative
standard deviation and linear regression
analysis.

Result
Specificity

Chromatogram of paraxanthine, 8-
chlorotheophylline (internal standard) and
caffeine were shown in figure 2. The
retention time of paraxanthine, 8-chioro-
theophylline and caffeine were 8, 10.2 and
14.1 minute, respectively. All peaks were
not disturbed from endogenous and
solvent peak.
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Figure 2 Chromatogram of serum
paraxanthine, 8-chlorotheophylline and
caffeine spiked in pool serum

Accuracy

The accuracy of the method for
analysing paraxanthine and caffeine in
serum was determined in terms of the
percentage of  analytical recovery
averaged 100.63 = 4.24% and 98.34 +
2.4%, respectively. The efficiency of
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extraction procedure was expressed in
term of the percentage of physical
recovery. The average of percent physical
recovery of paraxanthine and caffeine
were 87.61 £ 1.8% and 91.17 & 2.01%,
respectively. The recovery of both
compound as shown in table 1.

Precision

The precision of this assay at
different concentrations was represented
by percent of relative standard deviation
(%RSD). The averages %RSD of intra-
day and inter-day of paraxanthine were
2.88% and 5.25%, respectively. The
averages %RSD of intra-day and inter-day
of caffeine were 3.07% and 5.78%,
respectively. The precision of both
compounds was shown in table 2.

Linearity

The calibration curve for the spiked
paraxanthine and caffeine in pool serum
was linear over the concentration range (-
8 pg/ml and correlation coefficient (R”)
was 0.9999 aand 0.9996, respectively, as
shown in figure 3 and 4.

Table I Percent recovery of serum paraxanthine and caffeine assay at low, medium and

high concentrations

Standard conc.

%Physical recovery

%Analytical recovery

pg/ml paraxanthine caffeine paraxanthine caffeine
1 87.12+4.85 89.14£3.89 105.49 £ 5.1 98.56 £ 5.1
2 86.10+£95.01 912+3.2 98.67+95.19 95.84+£2.47
8 89.60 4846 93.16+6.95 97.73+£7.05 100.63 +2.4
Average of g7 61118 9L17+201  10063+424  9834+24

% recovery

Table 2 Intra-day and inter-day precision of serum paraxanthine and caffeine assay at low,

medium and high concentrations

Standard conc.

Intra-day precision (%oRSD)

Inter-day precision (YaRSD)

pg/mi paraxanthine caffeine paraxanthine caffeine
1 3.85 4.89 6.08 9.24
2 0.74 1.72 7.91 3.06
8 4.06. 1.77 5.32
Average of
2.88 3.07 5.25 5.78

%RSD
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Figure 3 Standard curve of serum paraxanthine
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Figure 4 Standard curve of serum caffeine

Lower limit of detection

The lower limit of detection that can
be assayed by this method is 0.125 pg/ml
for paraxanthine and 0.25 pg/ml for
caffeine,

Stability

The stability of paraxanthine and
caffeine was determined at the con-
centration of 2 pg/ml and stored at —70 °C
for 24 weeks. The area ratio of both

compounds at any storage time closed to
the value at time 0, as shown in figure 5.

The appropiate time to determine
paraxanthine/caffeine ratio was identified
in normal volunteers. The level of para-
xanthine and caffeine at before and after
caffeine intake was shown in figure 6. At
5 hours after caffeine administration,
paraxanthine level was as high as it could
be determined. All subjects who took a
180 mg of caffeine did not manifest any
adverse effects.
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Figure 5 Stability of serum paraxanthine and caffeine at 2 pg/ml

—&— paraxanthine
- —#— caffeine
6 T
5 i T -

concentration{mcg/ml)

time(hr)

Figure 6 Average serum concentration of paraxanthine and caffeine at each time
after caffeine administration in normal volunteers.

Discussion and conclusion HPLC was developed™. In this report, the
Caffeine is often used as a probe for method was modified to be simple and
CYP 1A2 activity.’ Paraxanthine is a practical for routine assay. This modified

method was validated following the

bioanalytical ~ standard method of

validation'®!,

major metabolite (84%) and catalyzed by
CYPIA2'. Serum paraxanthine/caffeine
ratio was chosen to be an indicator of .
CYP1A2 activity. The determination of It has been approved with the

. . . acceptance criteria of each standard
serum paraxanthine and caffeine using parameter
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Lower limit of detections of bath
compounds are acceptable. Percent RSD
of the detection was less than 20%'". In
general, percent RSD of intra-day and
inter-day variation that present the
precision of the method should not be
exceed 10% and 15% respectively'®''.
The resuit shows good precision of both
paraxanthine and caffeine determinations.
With the accuracy of the assay, percent
recovery should be within the limit of 80-
120%"". The result also presents good
accuracy of both. Specificity indicated by
the characteristic of chromatogram,
paraxanthine, 8-chlorotheophylline and
caffeine did not disturb by each other and
other serum peaks. That shows good
performance for determination of each
standard in the same sample. The
calibration curve of both were linear, R?
closed to 1.0, and covered the range of
paraxanthine and caffeine in serum. The
good stability of both compounds was
shown when stored at -70 °C. All results
indicate that the method is high
performance and reliable for a routine
assay of CYP1AZ2 activity.

In a pilot study, serum paraxanthine
and caffeine level at each time point was
analysed. The profile concentration vs
time curve of both was interpreted. The
result sugpested that the blood samples at
5 hours after caffeine intake should be
collected to determine paraxanthine/
caffeine ratio, Paraxanthine level was as
high as it can be determined. If the time is
too prolong, paraxanthine will be
metabolized to other compound by CYP
1A2', as shown by the metabolic pathway
of caffeine in figure 1°. The study

“expressed that this simplified method can
be used to determine CYP1A2 activity in
population who exposed the CYP1A2
interference agents.
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Thiopurine Methyltransferase in Thai Population

Pornpen Pramyothin' and Parinda Peradhamanon’

" Department of Pharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Bangkok 10330, Thailand
2 Pharmacy Department, Prachomklao Hospital, Petchburi 76000, Thailand,

Abstract

The cytosolic enzyme, thiopurine methyltransferase (TPMT) catalyzes the S-
methylation of aromatic and heterocyclic sulfhydryl compounds such as 6-mercaptopurine.
Genetic regulation of TPMT activity is associated with large interindividual variations in
thiopurine toxicity and efficacy. Assessment of TPMP genotype/phenotype will increase
rational outcome of individual drug therapy. In the present investigation, TPMT activity was
measured by the radiochemical assay from blood samples of 539 randomly selected Thai
subjects. The genetic polymorphism of TPMT was trimodal distribution, TPMT activity
ranged from 0 - 23.5 Units/ml RBC with the average of 6.91 + 3.68 Units/ml RBC. Most of
the That subjects were intermediate metabolizers (95.35 %), followed by high (3.75 %) and
low (0.93%) metabolizers. Gender, blood groups and smoking had no effect on TPMT
activity.

Key words : thiopurine methyltransferase, genetic polymorphism, 6-mercaptopurine.
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Introduction

The cytosolic enzyme, thiopurine
methyltransferase (TPMT, EC 2.1.1.67)
catalyzes S-methylation of aromatic and
heterocyclic sulthydryl compounds such
as anticancer drugs 6-mercaptopurine, 6-
thioguanine and  immunosuppressant
azathioprine'*’. TPMT activity exhibits
genetic polymorphism, in white subject
approximately 90 % are homozygous with
high activity, 11 % are heterozygous with
intermediate activity and 1 in 300
individuals inherit TPMT deficiency as an
autosomal recessive triat'”. This common
genetic polymorphism is responsible for
interindividual variations in thiopurine
toxicity and therapeutic efficacy®. Patients
with fow TPMT activity develop severe
myelosuppression with standard doses of
these drugs while patients with high
TPMT activity are undertreated’.

The active gene of TPMT is located
on chromosome 6 with approximately 34
kb in length and consisted of ten exons
and nine infrons. The wild type allele is
TPMT*1. At least § mutant alleles have
been identified for low enzyme activity.
These mutant alleles have interethnic
variability with different frequency and
pattern.  In Chinese, West African,
Kenyan and Japanese the mutant allele is
TPMT*3C. TPMT*3A is found in
Caucasian and South-West Asian and
TPMT*6 in Korean®*. All mutant alleles
in South East Asian are now identified as
TPMT*3C".

TPMT activity is normally detected
in red blood cells, showing high
correlation with relative TPMT levels in
other tissues or cells including kidney,
liver, lymphocytes and leukemic blast
cells*'»". The radiochemical assay by
Weinshilboum et al’ is a well known
method in determining TPMT activity.
The product of S-methylation, 6-methyl-
mercaptopurine is measured using 6-
mercaptopurine as substrate and S-adeno-
sylmethionine (SAM) as the methyi donor.
One unit of enzyme activity represents the
formation of 6-methylmercaptopurine in
nanomoles per one milliliter of red blood
celis™*.
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There is very little information
about TPMT activity in Thai population.
Therefore the frequency of TPMT pheno-
type was studied in  the present
investigation.

Material and method
Subjects

A total of 539 blood samples from
healthy blood donors at National Blood
Center, That Red Cross Society were used
for TPMT activity study. The exclusion
criteria were hepatic, renal and other
chronic discases. The demographic data
was collected from each blood donor
including sex, age, blood group,
smoker/non-smoker, and current medical
problems.

Blood samples: preparation of
lysates

Samples were prepared as pre-
viously described by Weinshilboum et al’.
Aliquot of 3 mi whole blood collected in
heparinized tube was centrifuged at 800g
for 10 min at 4°C to isolate red cells.
Plasma, leukocytes and the upper layer of
erythrocytes were removed. After
washing the pellet twice with 1.8 ml 0.9%
normal saline and centrifugation for 10
min at 800g, supernatant was discarded,
4.8 ml iced cold water was added to the
pellet to lyse the red cells. Erythrocyte
lysate was centrifuged at 13,000g for 10
min at 4°C. The supernatant was kept at
-80°C until analysis.

TPMT assay

Potassium phosphate buffer, 25ul
(150 mM, pH 7.5) and either 5 pui of 6-
mercaptopurine (18 mg/ml in DMSO) or 5
ul of DMSQO were added to 100 pl aliquot
of erythrocyte lysate. The reaction was
initiated by adding 25 pl of a freshly
prepared cocktail containing "C-methio-
nine 12.5 x 10 M, non-reactive S-ade-
nosy-L-methionine HCI 12.5 x 10°° M, di-
thiotreitol 107 M and allopurinof 5 x 10~
M. The reaction mixture was incubated
and gently shaken for 1 h at 37°C in a
shaker water bath., To terminate the
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reaction, 0.5 ml boric acid buffer, pH 10
and 5 ml of 20% isoamyl alcohol in
toluene were added.  After vigorous
agitation for 10 seconds, the mixture was
centrifuged at 700g for 10 min at 4°C. A
3.5 ml aliquot of the supernatant (organic
phase) was added to the scintillation
counting vial, to which containing 1 ml of
absolute ethanol and 10 ml of toluene
fluor. Radioactivity in the scintillation
vials were counted in the scintillation
counter for 10 min. The TPMT activity
was expressed as nanomoles of 6-
methy!mercaptopurine formed per hour
per ml of packed red cells (hematocrit) or
Units/m] RBC.

Statistical analysis

Data was presented as mean + SD.
Probit analysis was used for frequency
distribution, Data comparison was tested
by one way ANOVA using Duncan’s New
Multiple Range test.

Result

The correlation between experiment
was carried out using same reference

Pornpen Pramyothin

enzyme together with other test samples.
The average TPMT activity between
experiment of the reference enzyme was
6.54 + 0.24 Units/ml RBC with C.V. of
3.7%.

TPMT activity was studied from
539 blood samples of healthy 438 men and
101 women with age range 17-64 years
(average 35.5 years). Enzyme activity
varied from 0 to 23.5 Units/ml RBC. The
mean value was 6.91 + 3.68 Units/ml
RBC. There were no differences of
TPMT activity in different gender, blood
groups or smoker/non-smoker (Table 1).

The distribution of TPMT activity
was trimodal (Fig. 1). With probit
analysis (Fig. 2) the high enzyme activity
were 16.7-23.5 Units/m] RBC, accounted
for 3.72% of population studied, while
9535% carried intermediate enzyme
activity ranging from 1.3 to 16.6 Units/ml
RBC and 0.93 % with low enzyme activity
of 0-1.2 Units/mi RBC.

Table 1 TPMT activity from 539 healthy blood donors with age range 17-64 years

(average 35.5 years)

TPMT activity*(Units/ml RBC)

Demographic data Numbers
Average Maximum  Minimum

Sex: Men 438 6.93 +3.55 23.53 0.00
Women 101 691 +4.11 22.30 0.15
Blood groups: A 88 6.80+3.76 19.78 0.00
B 177 6.73 +3.59 22.32 0.14
O 257 7.10+3.78 23.53 0.12
AB 17 6.24 +2.66 13.23 1.00
Smoking: Smoker 42 6.67+4.21 2227 0.13
Non-smoker 497 6.93 +3.62 22.53 0.00
Total subjects 539 691 +3.68 23.53 0.00

* Mean + SD
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Discussion and conclusion

From present investigation, most of
Thai carried intermediate TPMT activity
which means that Thai may be prone to
thiopurine toxicity, especiaily children
treating with 6-mercaptopurine in acute
fymphoblastic leukemia. Determination of
TPMT genotype/phenotype before
antileukemic therapy may be practical and
may have clinical relevance.

Frequency of TPMT genotype in
Thai children with acute leukemia (75
patients)' and 200 healthy Northeastern
Thai subjects'”” reported io be the same as
Caucasian population. The variant allele
was TPMT*3C.

Therefore the correlation between
genotype and phenotype assessment in
Thai population should be performed to
verify the use of either TPMT genotype or
phenotype in minimizing toxicity and
maximizing efficacy of thiopurine drug
therapy.
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NEW DRUGS

Hyalgan® in the Treatment of Osteoarthritis of the Knee

Supanimit Teekachunhatean, Chaichan Sangdee

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

ABSTRACT

HA is a natural biopolymer made up of repeating sequences of disaccharides
(glucuronic acid and N-acetylglucosamine). In patients with osteoarthritis (OA) synovial
fluid HA becomes depolymerized, resulting in a decrease in molecular weight and
elastoviscosity and increasing susceptibility of cartilage to injury. Intra-articular (IA)
injections of HA lead to restoration of elastoviscosity of the synovial fluid. Moreover, these
HA preparations are also believed to exert their therapeutic effects in OA via anti-
inflammatory and anti-nociceptive effects, normalization of HA synthesis, and
chondroprotection. Hyalgan® (Fidia S.p.A., Italy) is a viscous solution of highly purified HA
of well-defined molecular weight (500-730 kD) extracted from rooster combs. In several
clinical studies, 3 to 5 weekly IA injections of Hyalgan® in patients with OA of the knee are
superior to placebo and generally well tolerated with sustained improvement of pain and
functional status. It has also demonstrated that 5 weekly IA injections of Hyalgan® are at least
as effective as continuous treatment with naproxen for 26 weeks. IA injections of either
Hyalgan® or methylprednisolone acetate modify a number of structural variables of synovial
membrane and cartilage of the osteoarthritic human knee towards the appearance of those
obtained from normal subjects. These provide evidence that Hyalgan® might possess potential
structure-modifying activity. Local reactions such as pain, swelling, effusion, warmth or
redness at the injection site have been reported. Usnally such symptoms are minor, transient
and disappear spontaneously within a few days. Hyalgan® should therefore be considered in
patients with OA of the knee who present a history of NSAIDs intolerance or lack of
efficacy, or in patients with a relative contraindication to use of the NSAIDs, such as the
elderly, or patients with a history of or currently active peptic ulcer disease.

Key words : hyaluronan, Hyalgan®, osteoarthritis of the knee

Address correspondence and reprint requests to; Chaichan Sangdee Ph.D., Department of
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Abstract

Erectile dysfunction (ED) is defined as the persistent or repeated inability to attain or
to maintain an erection firm or long enough for satisfactory inetrcourse. There are many
causes that can lead to ED including organic, pshycogenic or both. Recently, ED receives an
intense interest since we learn more on the physiology of erection together with the
availability of new and successful treatment regimens. The first drug with proven efficacy is
sildenafil, however, this drug carries several disadvantages and serious interaction with
nitrates. Apomorphine HCI sublingual (Uprima®) is recently introduced to treat ED with
impressive resuits. It is the only drug that works on the central mechanism to activate the
dopamine system and thus to producing erection closely resemble to naturally induced
erection. Uprima® has several advantages including fast acting, its erectogenic effect lasts for
2 hours, multiple daily dosing possible, consistent effect with no tolerance on long term use,
effective in organic, psychogenic ED or both. The drug is well tolerated with good

acceptability profile. There are few side effects associated with Uprima®, they are usuvally
mild in nature and uwsually disappear after chronic use.

Keywords : erectile dysfunction, apomorphine, Uprima®
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CASE REPORT

Diclofenac related skin rash, a case report

Viroj Wiwanitkit*
*Department of Laboratory Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok 10330
Thailand

Abstract

Diclofenac, is a widely used nonsteroidal anti-inflammatory drug (NSAID). Here, we
reported a rare adverse effect of diclofenac as diclofenac related skin rash. The case was
diagnosed on the present illness and follow up. This is a rare adverse effect of diclofenac with
the incidence less than 0.1 %. The awareness of the physician to this widely used drug on its
rare adverse effect is necessary.

Key word: diclofenac, skin rash
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Introduction

Diclofenac, is a nonsteroidal anti-
inflammatory drug (NSAID). Diclofenac,
as the sodium or potassium salt, is a
benzeneacetic acid derivative, designated
chemically as 2-[(2,6-dichlorophenyl)
aminolbenzeneacetic acid, monosodium or
monopotassium salt' % In pharmacologic
studies, diclofenac has shown anti-
inflammatory, analgesic, and antipyretic
activity. As with other NSAIDs, its mode
of action is inhibition of enzyme
cyclooxgenase, invelved in its anti-
inflammatory  activity, as well as
contribute to its efficacy in relieving pain
related to inflammation and primary
dysmenorrhea'™.

The most common adverse effects
of this drug are gastritis, peptic ulceration,
and depression of renal function, all of
which result primarily from prestaglandin
inhibition'. The types of side effects
observed with diclofenac are similar to
those of other nonstercidal anti-
inflammatory drugs and are unavoidable
given that the drugs are prostaglandin
inhibitors. However, the incidences of
such side effects may be lower with
diclofenac than with some of the other
nonsteroidal  anti-inflammatory ~ drugs’.
Here, we reported a rare adverse effect of
diclofenac as diclofenac related skin rash.

Case report
Patient history

A 52 years old female patient
visited the physician with the probiem of
skin rash in her both forecarm. She
revealed the persistence of this skin lesion
for 10 days. She notified no past history of
drug or food allergy. Concerning the
present illness, she revealed the
concomitant use of the self - prescribed
diclofenac tablet and gel for her arm pain
symptom. She notified the skin lesion
three days after start of this medication
and therefore she tried to stop the tablet on
the seventh days. However, her skin rash
was still persisted, therefore, she decided
to visit the physician,

Viroj Wiwanitkit

Physical examination and labora-
tory investigation

At first, this case was suspected for
diclofenac related skin rash. The skin
lesion can be described as erythrema
multiforme, itching iris (central lesion
surrounded by concentric rings of pallor
and redness) macule lesion on both arms.
She was advised to stop any drug
including the diclofenac gel application.

Resuit of therapy/follow up.

On follow up visit, her skin rash
disappeared completely within seven days.
This case was diagnosed as diclofenace
related skin rash.,

Discussion

Adverse effect due to usage of
nonsteroidal anti-inflammatory drugs is an
important awareness for the physician in
using these widely prescribed drug. Apart
from the common adverse effects such as
GI disorder, the rare disorder has also
been reported’. These include blood
dyscrasias, erythema multiforme,
hepatitis, and others, such as aseptic
meningitis, anaphylaxis, and urticaria.
Moreover, some nonsteroidal  anti-
inflammatory drugs appear to have unique
side-effect profiles. Examples include a
higher incidence of ulceration and
erythema multiforme with piroxicam, and
acute pancreatitis, in rare instances, with
sulindac. From a careful survey,
diclofenac appear to have less unusual
adverse reactions than the other drugs’.
Therefore, it is considered as a safe drug
and widely prescribed.

Here, we reported a case of
diclofenace related skin rash, which is a
rare adverse effect of diclofenac with the
incidence less than 0.1 %. Presently, the
real pathogenesis of this disorder has not
been clarified. This adverse effect is
reported only in literature, not seen in
clinical trials, and is considered rare.
Indeed, the dermatologic reaction of
diclofenac as pruritus is described in upto
1 % of the patient. However, the skin
eruption as skin eruption, urticaria,
erythema is infrequent (less than 0.1). In
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very serious case, the Steven Johnson
syndrome can be detected’. We diagnosed
this case by the present illness and follow
up. However, we did not performed any
skin test' or specific Ig for diclofenac
determination to confirm the diagnosis.
The diclofenac is a widely used
drug at present in Thailand. In addition,
there are a number of reported adverse
effects relating to diclofenac usage, 668
cases were reported during 1983 - 1998
according to the report of the Center for
Surveillance of Adverse Drug Reaction,
Thai Ministry of Public Health. Therefore,
the awareness of the physician to this
widely used drug on its rare adverse effect
is necessary. Some adverse effects such as
rhabdomyolysis’ and pneumonitis® are
very rare but serious. The review of the
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published  literature  concerning the
adverse effect of diclofenac was presented
in Table 1,
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Table 1 Some interesting literatures on the adverse effects of diclofenac.

Authors

Descriptions

Hadar et af, 20007

Alkhawajah ef af, 1993 ®

Mahboob and Haroon,1998 °

Bhogaraju ef af, 1999

Aithal ez al, 2000 '!

Shrivastava et af, 1997 2

A case report of anaphylactic shock 10 minutes
after the diclofenac, to which she had been
exposed in the past without any side effects

A case of apparent anaphylactic reaction to
diclofenac sodium (Voltaren) 15 min after
intramuscular injection of diclofenac for
treatment of low back pain. The first case report
of diclofenac anaphylactic shock

Retrospective study on the fix drug eruption
cases. Diclofenac is a drug which can present
this adverse effect

A case report of diclofenac-induced hepatitis
concomitant with GI bleeding

Perform a pharmacogenetics study and found
that there is no evidence that polymorphism in
CYP2C9 is a determinant of diclofenac-induced
hepatotoxicity.

The effect of ciprofloxacin was studied in
electroconvulsive seizures in mice using the
tonic extensor phase as end point and seizure
threshold as observational parameter. It was
found that ciprofloxacin produced a significant
epileptogenic effect, potentiated by diclofenac
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