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ANTIOXIDANT VITAMINS AND LIPID PEROXIDATION 

ABNORMALITIES IN THAI PATIENTS WITH 

CHRONIC RENAL FAILURE 

Kanlaya Tiensong 1, Chaweewan Prucksunand 1, Leena Ong-ajyooth 1, 

Sompong Ong-ajyooth 2Panya Khunawat 1 and Suwat Wimolwattanapan t. 

1Department of Pharmacology; 2Division Nephrology, Department of Medicine; 
3Department of Biochemistry. Faculty of Medicine Siriraj Hospital ,Mah idol University. 

ABSTRACT 

Oxidative stress has been shown from other publications to play an importance 
role in pathogenesis of renal disease and the progress of the disease up to end stage. The 
present study was pe1formed in 54 Thai chronic renal failure (CRF) patients with oxidative 
stress status and was compared to 32 normal subjects. The results revealed that CRF patients 
were deficient in red blood cell a-tocopherol(vitamin E). These patients had higher rates of 
lipid peroxidation and were highly susceptible to red cell hemolysis. The results thus 
confirmed the existence of impaired antioxidant system. Our study also suggested that oral 
supplementation of a-tocopherol in chronic renal failure patients should be further study. 

Keywords: antioxidant vitamins, lipid peroxidation, chronic renal failure. 
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INTRODUCTION 

It has been conceived that reactive 
oxygen species(ROS) play a major role as 
mediators of tissue injury in both immune­
inflammatory process and ischemia<1>. 
More recently, the reactive oxygen species 
were considered to involved in the 
pathogenesis of renal injury and 
glomerulonephritis as we11<2>. ROS can be 
generated from activated infiltrating blood 
cells a n d f r o m r e n a l c e l l s 
themselves<3>.They invade the renal tissue 
and induce renal cell injury. The injmy is 
not only directed from the serious effect of 
ROS but also from the work load of 
remnant kidney<4>. ROS react with the 
membrane lipids and may contribute in the 
kidney cell injury. This results in the 
increase o f who le - k i d n e y MD A 
(Malondialdehyde) content. The MDA 
represents an index of peroxidation of 
polyunsaturated fatty acid by ROS ,which 
is considered to be quantitative indicators 
of the peroxidation reaction of Ros<5>. 

In Thailand, the CRF remains a 
major medical problem because of its 
increasing incidence and high costs of long 
term dialysis program and transplantation. 
However, very little information on 
oxidative stress and the importance of 
antioxidant vitamins in Thai chronic renal 
failure patients is available. For these 
reasons, the present work was investigated 
on the oxidative stress, lipid peroxidation 
products and the antioxidant capacity such 
as antioxidant vitamins, in Thai chronic 
renal disease patients with vaiying degrees 
of renal dysfunction. Thai clll'onic renal 
failure patients from both out-and in­
patients of Medicine Department, Siriraj 
Hospital were enrolled in this study with 
informed consents. For the purpose of 
comparison, healthy volunteers from 
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hospital staff and personnels were 
constituted as normal control group. 

MATERIALS AND METHODS 

The experiment was studied in 54 
chronic renal failure patients ( 19 males and 
35 females),age range from 20 to 72 years 
(average 45.77 ± 14.26) recruited with 
informed consents. All subjects were free 
from diabetes mellitus, clU'onic respiratory 
insufficiency, intercurrent infection, 
hepatic disorder, alcohol ingestion and 
cigarette smoking. None of them had either 
blood or plasma transfusion during the last 
3 months preceding the study. Iron and 
vitamins supplements were stopped 2 
weeks b e f o r e b l o o d a n d u r i n e 
determinations. The subjects were divided 
into 5 groups according to severity of the 
renal failure, represented by serum 
creatinine levels. : Group I = serum 
creatinine ~ 2 mg/di. ; Group II = sernm 
creatinine >2 up to 4 mg/di ; Group III = 
serum creatinine >4 up to 8 mg/dl; Group 
IV = serum creatinine >8 up to 12 mg/di 
and Group V = serum creatinine > 12 mg/ 
dl. 

There were 33 cases of 
glom e ru 1 o n e p hr i t i s , 1 I cases o f 
nephrosclerosis, 7 cases of chronic 
tubulointerstitial nephritis, I case of 
polycystic kidney disease and 2 cases of 
unclassified etiology. Thi1ty-two healthy 
volunteers (16 males and 16 females), aged 
from 18 to 50 years(average 30.69 ± 8.63) 
were as controls. Fresh and heparinized 
blood samples were obtained for the 
plasma and urine lipid peroxide were 
determined by malondialdehyde (MDA) 
formation<6

•
7>. The e1ythrocyte and plasma 

antioxidant vitamins were performed by 
using h i g h p e r f o r m a n c e l i q u i d 
chromatography<3

•
9>. All results are 

expressed as the mean ± SD. S'tatistical 
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analysis was analyzed using unpaired two 
tailed Student's t-test. Statistical 
significance level was defined as P<0.05 

RESULTS 

The clinical, chemical and 
hematological data of the 54 CRF 
patients and 32 normal control are 
observed. The typical laboratory alterations 
of clU"onic renal failure patients were 
apparent. Compared to the ·normal group, 
CRF patients has elevated serum 
creatinine, blood urea nitrogen and urine 
protein whereas low hemoglobin 
concentration and hematocrit were 
observed. These differences are highly 
statistically significant. 

The plasma cholesterol, tri­
glyceride, low-density lipoprotein, low­
density lipoprotein concentrations were 
significantly higher in CRF patients. CRF 

3 

patients contained significantly lower 
concentration of high-density lipoprotein. 
Average concentrations of plasma lipid 
peroxidation product (MDA) and urine 
MDA in CRF patients were significantly 
higher than control (table 1). In addition, 
the elevated plasma MDA in group 1 and 2 
of the CRF patients had a trend to increase 
comparing to the other group. 

Antioxidant capacity of CRF 
patients showed a clear cut .decrease in red 
blood cell vitamin E. The red blood cell 
vitamin E in CRF patients and normal 
subjects are shown in table 1. However, 
the mean plasma levels of vitamin E in 
CRF patients were not lower than that of 
the normal control group. The result also 
showed that other antioxidant vitamins 
such as vitamin A and P-carotene were not 
difference between two groups. 

Table 1 Plasma ; urine lipid peroxidation product (MDA); erythrocyte vitamin E; 
plasma antioxidant vitamins (vitamin A, E and P-carotene ) at different state of renal 
dysfunction in patients and in normal subjects. 

Data Control .Patients 
(n=32) All group 1 group 2 group 3 group 4 group 5 

(n=54) (n=12) (n=8) (n=13) (n=13) (n=8) 
Plasma 7.39 92.49 123.50 146.43 ± 83.85 64.23 69.38 

MDA(µmol/l) ±3.39 ±61 .66 ±54.47* 84.44* ±61.38* ±35.70* ±45.55* 

Urine MDA 32.08 246.14 63.49 129.98 200.66 429.47 548.77 

(nmol/Ccr.) ±24.0 ±325.16* ±67.17* ±85.11* ±239.79* ±363.59* ±621.92* 

RBC vitamin E 3.38 223 2.17 2.32 2.36 2.25 1.97 

(ug/ml PRC) ±0.45 ±0.52 ±0.41 * ±0.79* ±0.36* ±0.53* ±0.56* 

Plasma vit-E 1.82 1.88 ± 2.22 ± 2.09 ± 1.73 ± 1.73 ± 1.68 ± 

(mg/dl) ±0.53 0.59(NS) 0.91(NS) 0.73(NS) 0.59(NS) 0.55(NS) 0.62(NS) 

Plasma vit-A 0.23 0.23 ± 0.22 ± 0.25 ± 0.22 ± 0.24 ± 0.21 ± 
' 

(mg/dl) ±0.01 0.08(NS) 0.07(NS) O.Ol(NS) O.Ol(NS) O.Ol(NS) O.Ol(NS) 

Plasma P- 0.04 0.041 ± 0.035 ± 0.043 ± 0.049± 0.044 ± 0.03 ± 

carotene (mg/dl) ±0.04 0.04(NS) 0.05(NS) 0.04(NS) 0.05(NS) 0.04(NS) 0.03(NS) 

value are mean± SD , * P < 0.05, NS =non significance 
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DISCUSSION 

The present study implied the 
existence of impaired antioxidant systems 
in Thai chronic renal failure patients as the 
results of their were compared to that of 
the normal subjects. The reduced red blood 
cell vitamin E levels corresponded with 
prior resutts< 10l . Our data indicated that 
CRF patients has a higher rate of lipid 
peroxidation.The lipid peroxidation pro­
duct : MDA per nephron was increased 
significantly in both plasma and urine. 

Plasma a-tocopherol (vitamin E) is 
readily influenced by the plasma lipid 
concentration< 11 l. Our results agreed with 
pr~vious ·publication indicating that the 
plasma levels of a -tocopherol are in 
normal range in Thai chronic renal failure. 
Our results also confirmed the assumption 
that the content of a-tocopherol in red 
blood cells is significantly lower than in 
the normal level. Dietary deficiency in a­
tocopherol leads to decrease GFR, neplll'on 
enlargement and tubulointerstitial 
disease< 12

). There are several works 
focused on the increased usage of a­
tocopherol by red blood cell membrane in 
such patient<13l. Studies on the depletion of 
O'.-tocopherol on the hematopoietic system 
of several species has showed the changes 
in red blood cell mass, red cell size , and 
the sensitivity of the red cell to hyperoxia 
and peroxide~4>. 

a-Tocopherol status has been 
traditionally determined by measuring 
plasma a-tocopherol levels but only a few 
investigation of a-tocopherol levels in red 
cells was obtained owing to teclmical 
difficulties of the assay<13>, Erythrocytes a­
tocopherol may be good indicators of a­
tocopherol nutritional status and refect the 
content of a-tocopherol in membranes<14

l. 
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CONCLUSION 

The result of the present study 
should be concluded that Thai clU"onic 
renal failure patients were subjected to 
oxidative stress as indicated by deficiency 
in a-tocopherol in red blood cell and 
increasing of lipid peroxidation. Suffering 
from a-tocopherol deficiency or under 
prooxidant stress has been claimed to 
biochemical and subcellular damage by 
lipid peroxidation<15>. Oxidative damage to 
polyunsaturated lipids in tissue membranes 
(lipid peroxidation), a free radical process, 
is a widely accepted mechanism for 
cellular injury. Malondialdehyde is one of 
the products of lipid peroxidation which 
appears to be produced in relatively 
constant proportion to lipid peroxidation. It 
is therefore a good indicator of the rate of 
lipid peroxidation<16l. Our study also 
suggested that oral supplementation of a ­
tocopherol in cluonic renal failure patients 
should be further study. 
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SINGLE DOSE PHARMACOKINETIC 
COMPARATIVE STUDIES BETWEEN INTRAMUSCULAR 

ACETAMINOPHEN FORMULATION WITH AND WITHOU1 
LIDOCAINE IN HEALTHY THAI VOLUNTEERS 

Wibool Ridtitid, Malinee Wongnawa, Benjamas Janchawee, 
Somsmorn Chittrakan, Methi Sunbhanich and Weerawat Mahathanatrakul 

Department of Pharmacology, Faculty of Science, Prince of Songkla University, 
Hat Yai Campus, Songkhla 90112, Thailand. 

ABSTRACT. 

The pharmacokinetics of two cmnmercial brands of intramuscular acetaminophen 
formulation, with and .without lidocaine, were studied and compared in nine healthy Thai 
male volunteers after a single intramuscular dose. No significant differences (P > 0. 05) in the 
volume of distribution (V <(), plasma drug clearance( Clp) and area under the concentration­
time curve (A UC) between the two formulations were observed, however, there were 
significant differences (P < 0. 05) in the absorption rate constant (Ka), abso1ption half-life [t~ 
(abs)], and peak plasma concentration (C,11aJ between the two intramuscular acetaminophen 
formulations (3. 79±1.32 h-1

, 0.20 ± 0.07 h, and 4.08 ± 0.52µg.mf 1 for acetaminophen 300 
mg VS 2.55 ±0.66 h-1

, 0.29 ±0.07 h, and 3.68 ±0.45 µg.mt1for acetaminophen 300 mg plus 
lidocaine 20 mg, respectively) used in this study. These data indicate that the abso1ption rate 
of acetaminophen in the formulation with lidocaine was significantly reduced . The C111a( 

acetaminophen in the presence of lidocaine was also reduced(P < 0. 05). However, the Cmax 
of these two formulations were lower than the lower limit of plasma acetaminophen effective 
concentrations (JO - 20 µg.mf1 

). Therefore, it is doubtful whether these two intramuscular 
acetaminophen formulations are useful for their analgesic antipyretic actions. 

Keywords: acetaminophen, pharmacokinetic, lidocaine, intramuscular. 
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INTRODUCTION 

Acetaminophen, usually called 
paracetamol in some regions of the world , 
was first introduced in medical treatment 
by Von Mering in 1893(1>. It has 
antipyretic and analgesic properties 
similar to aspirin <2> but it is well tolerated 
and produces fewer side effects than 
aspirin(3).Unlike aspirin, acetaminophen 
has only weak anti-inflammatory activity. 
At therapeutic doses acetaminophen is a 
very safe analgesic drug. It may produce 
acute centrilobular hepatic necrosis when 
taken in overdose<4>.The incidence of 
acetaminophen overdose steadily increase 
as its use (instead of aspirin) as an 
antipyretic and analgesic increase(3·5>. 

Cunently, several acetaminophen 
dosage forms are commercially available 
in the market as elixir, syrup, tablet, rectal 
suppository and formulation for 
intramuscular injection. Pharmacokinetic 
data of acetaminophen were reported after 
intravenous and oral administration<6>. 
However, comparative pharmacokinetic 
studies among the intramuscular 
acetaminophen formulations in healthy 
Thai male subjects have not been 
performed. In Thailand, the intramuscular 
acetaminophen dosage form is often 
prescribed by some physicians when rapid 
antipyretic and analgesic actions are 
desired. The acetaminophen formulations 
for intramuscular injection in Thailand are 
quite different among the pharmaceutical 
manufactures. However, it differs only the 
lidocaine hydrochloride containing in the 
formulations. The widely used intra­
muscular formulations are those which 
contain only acetaminophen 300 mg or 
formulation containing acetaminophen 300 
mg plus lidocaine hydrochloride 20 mg 
dissolved in 2 ml steriled vehicle for 
injection. Lidocaine remains one of the 
most frequently used antiarrhythmic drugs 
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for the treatment of acute ventricular 
arrhythmias following myocardial 
infarction, including digitalis toxicity<7

•
8>. 

The other widely use of lidocaine is as 
local anesthetic for infiltration to reduce 
pain <9>.The purpose of adding lidocaine in 
the formulation is to reduce pain at the 
injection site because it has a local 
anesthetic activity. At present, comparative 
studies on pharmacokinetic among 
acetaminophen intramuscular formulations 
have not been investigated in healthy Thai 
male subjects. Thus, this study was 
designed to compare the kinetics of the 
two brands of intramuscular aceta­
minophen formulations obtained from the 
same pharmaceutical manufacturer in 
healthy volunteers and also to investigate 
the effect of lidocaine which was added 
into the intramuscular acetaminophen 
formulation on the pharmacokinetic of 
acetaminophen as well. 

MATERIALS AND METHODS 

Subjects 

Nine adult healthy Thai male 
volunteers aged 17-32 years and weighing 
54-69 kg. They gave written informed 
consent to the study which was approved 
by the Ethics Committee for Human 
Experimentation, Faculty of Science, 
Prince of Songkla University, Hat Yai, 
Thailand. The subjects were considered to 
be healthy on the basis of medical history, 
physical examination and routine 
laboratory tests (CBC, renal and liver 
function tests). They were all non-smokers 
but some took coffee or alcohol 
occasionally. Subjects were asked to 
abstain from any medications, alcohol or 
coffee 2 weeks prior to the study and 
during the study. 

Drugs 
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The standard acetaminophen was 
obtained from Sigma Chemical Co. (St. 
Louis, Mo, U.S.A.). Two commercial 
brands of acetaminophen formulation for 
intramuscular injection which were 
manufactured and marketed in Thailand by 
the same Pharmaceutical manufacturer 
were selected for this study. One contains 
only acetaminophen 300 mg, the other 
comprises of acetaminophen 300 mg and 
lidocaine hydrochloride 20 mg. All 
ingredients were dissolved in 2 ml of 
steriled vehicle for intramuscular use only. 

Drug admi11istratio11 

The present series of investigation 
comprised of two separated phase­
randomized crossover studies, performing 
at 3 weeks apai1. The experimental design 
was identical in each phase. A single 
intramuscular dose of each commercial 
brand of acetaminophen formulation was 
given to each subject. ·They were 
administered in a 2 ml volume by 
intramuscular injection into the deltoid 
muscle. An intravenous catheter cannula 
NO. 200 (Nipro Safelet Cath ®, Nipro 
Medical Industries Ltd., Japan) was 
inserted into a forearm vein and kept 
patent with heparinized saline (heparin 5 
IU.mr1

). Venous blood samples (5 ml) 
were collected in heparinized tubes 
(heparin 1 IU.mr1 blood) before and at 
10,20,30,45 minutes, 1,1.5,2,3,4,6 and 8 h 
after drug administration. The venous 
blood samples were immediately 
centrifuged at 3000 rpm for 10 minutes, 
then plasma was separated and frozen 
at -20°C until analyzed. 

Acetami11oplze11 analysis 

Plasma acetaminophen was 
determined by high performance liquid 
clu-omatography (HPLC) with ultraviolet 

9 

detection as described previously. <
10

> The 
H_PLC system consisted of a Jasco PU-980 
pump, a Rheodyne injector with a 20 µl 
sample loop and a Jasco UV 975 detector. 
Detection was made with the variable 
wave length UV detector set at 254 nm and 
peak area was measured with a Jasco 
807-IT integrator. A Jasco recorder 
attenuation was ·set at 32 and chart speed 
was 2 mm per minute. Separation was 
achieved on reversed-phase µ-Bondapak 
C18 column (30 cm x 3.9 mm I.D., 
Pa11icle size 10 µm). A guard-pack 
precolumn module was used to obviate the 
effect of rapid column degeneration. The 
mobile phase was 5% acetonitrile in 95% 
20 mM orthophosphoric acid and adjusted 
to pH 3.0 with 20% potassium hydroxide. 
The flow rate was 2 ml per minute. The 
calibration curve for acetaminophen 
peak area was linear in the concentration 
range of 1 - 20 µg.mr 1 (r = 0.999). 
Coefficient of variations of mean 
normalised peak area at the calculated 
concentration in this study were less than 
5%. A n av er age re co very o f 
acetaminophen from plasma was above 
95%. 

Plwrmacokinetic analysis 

The kinetic b e havior of 
acetaminophen was described by 
mathematical functions derived from a 
one-compartment model in which the 
distribution of the drug between bk>od and 
tissues is instantaneous and the elimination 
of the drug is a first-order process. <11> 

The maximum plasma acetaminophen 
concentration (Cmax) and the time at 
which these were reached (tmax) were 
obtained by inspection of plasma 
concentration versus time profiles. The 
elimination rate constant (Kc) was 
estimated and determined by linear least­
square regression analysis of the linear 
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segment of the log plasma drug 
concentration-time profile. The half life 
(t~) of drug were calculated simply by 
dividing Ke into 0.693. Area under the 
concentration-time curve (AUC) for each 
ace tam i no phen formula ti on were 
calculated by the linear trapezoidal 
method. Plasma drug clearance (Clp) were 
determined by Dose/ AUC. The volume of 
distribution (V d) were estimated from Clp I 
Ke . The absorption rate constant (Ka) were 
determined by the method of residuals and 
the absorption half-life, ~ (abs) was 
calculated by dividing Ka by 0.693 . 
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Statistical analysis 

4 

Pharmacokinetic paramete r s of 
acetaminophen after administration of each 
commercial brand formulation were 
compared by the Student's paired, two­
tailed t-test with differences considered 
significant at P< 0.05. Data were presented 
as the mean± SD. (n = 9). In addition, the 
95% confidence interval for the difference 
between mean values was calculated. 

5 6 7 8 

Time ( h) 

Figure 1. Mean plasma acetaminophen concentrations of two commercial brands of 

intramuscular acetaminophen formulations after single intramuscular dose in nine healthy 

subjects (Acetaminophen 300 mg: •-11; Acetaminophen 300 mg plus lidocaine 20 mg: A- - _. ). 
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RESULTS 

Nine adult male healthy Thai 
volunteers enrolled and completed this 
study. There were no reported medical 
events in all phases of the study. The mean 
plasma concentrations versus time profiles 
and pharmacokinetic parameters (mean ± 
SD) for each commercial brand of 
intramuscular acetaminophen formulation, 
with and without lidocaine, are illustrated 
in Fig. l and s hown in Table 1, 
respec tively. T here were s ignificant 

11 

difference (P < 0.05) in Cmax , 4, (abs) and 
Ka between the two intramuscular 
acetaminophen formulations used in this 
study. Comparison on the basis of Cmax , 
4, (abs) and Ka of these two formulations, 
it suggested that lidocaine reduced the 
absorption rate of acetaminophen and its 
peak plasma concentration after intra­
muscular administration. However, It was 
noted that Cmax of both intramuscular 
acetaminophen formulations were 4.08 ± 
0.52 and 3.68 ± 0.45 µg.ml -I ,respectively. 

Table 1 Pharmacokinetic parameters of acetaminophen after a single intramuscular dose of 

two drug fonnulations in nine healthy subjects. Values are presented as mean± s.d.(n = 9) . 

Aceta111i11op/Je11 fomwlatio11s 
. 

Pliam1acoki11elic 

parameters Acelami11op/Je11 Acclami11oplic11 300 mg Mean 95% co11fide11ce 

300 mg plus lidocainc llCI 20 mg P value difference interval of tile difference 

C nu.• ( ~lg. ml 
·I 

) 4.08 ± 0.52 3.68 ± 0.45 S (P = 0.0326) -0.3989 -0.7553 10 -0.0425 

I ..... ,( h) 0.86 ± 0.18 1.14 ± 0.44 NS (P = 0.1175) 0.2778 -0.0874 lo 0.6430 

I 111 (abs) ( h ) 0.20 ± 0.07 0.29 ± O.Q7 S (P = 0.0216) 0.0856 0.0163 10 0. 1549 

1 ,/l( h) 2.50 ± 0.72 2.60 ± 0.63 NS (P = 0.6516) 0.1011 -0.3961 lo 0.5984 
- 1 

1.01±0.17 1.10 ± 0.29 NS (P = 0.3201) 0.0878 -0.1032 lo 0.2787 vd (L. kg ) 

· I 
K • ( h ) 3.79 ± 1.32 2.55 ± 0.66 S (P = 0.0230) - 1.2389 -2.2573 10 -0.2205 

·I 
K .( h ) 0.31±0.13 0.28 ± 0.08 NS (P = 0.5339) -0.0222 -0.10 11 lo 0.0566 

· I 
AUC ( ~1g. ml . h) 14.64 ± 2.42 14.27 ± 2.79 NS (P = 0.4031) -0.3700 -1.3365 10 0.5965 

.1 · I 
C/P(ml . min . kg ) 5.02 ± 1.74 5.07 ± 1.52 NS (P = 0.8342) 0.0478 -0.4618 lo 0.5574 

' Commercial brands of intramuscular fommlalion and produced by lhe same phamiaceutical manufacturer 

S : S ignificant difference ( P < 0.05) 

NS : Nol significant difference ( P > 0.05) 
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DISCUSSION AND CONCLUSION 

Acetaminophen is an over-the­
counter analgesic and antipyretic widely 
used either alone or in fixed combination. 
Commercial brands of intramuscular 
acetaminophen formulations are often 
prescribed by some physicians both in 
private clinics and hospitals. At present, 
we still do not have any information of the 
comparative studies on pharmacokinetic 
data of various intramuscular acetamino­
phen formulations in healthy subjects. 
However, disposition and absorption of 
several acetaminophen dosage forms have 
been demonstrated both in normal and 
diseased human subjects. Acetaminophen 
is poorly absorbed from the stomach but 
its absorption occurs mainly in the small 
intestine by passive diffusion with first­
order kinetics, therefore, the rate of 
absorption depends on the gastric 
emptying rate (l , l I). In healthy subjects, 
acetaminophen is well absorbed from the 
gastrointestinal tract after oral 
administration. It has a volume of 
distribution of approximately 0.9 litre.kg -I 
(V d). The plasma half-life (~) ranges from 
1.9 to 2.5 h and the total body clearance 
from 4.5 to 5.5 ml.kg ·1

• min ·1<1>. In 
addition, acetaminophen is also well 
absorbed from the rectum, even though the 
rate of absorption is slower than following 
oral administration<12

•
13>, Mean peak 

plasma acetaminophen concentrations in 
fasting healthy subjects occur within 15-
30 min following an oral solution 
administration< 14

> ;and at 20 min<15
> , 60 

min< 16> and 1.4 h<17> after ingestion of 
acetaminophen tablets. In the present 
study , mean peak plasma acetaminophen 
concentrations of the formulation with and 
without lidocaine occurred at 1.14 ± 0.44 
and 0.86 ± 0.18 h (P >0.05), respectively 
after intramuscular administration. We 
also found that C111ax, ~ (abs) and K a of 
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these . two intramuscular acetaminophen 
formulations, with and without lidocaine, 
were significantly different (P < 0.05). 
Therefore, we suggested that lidocaine, 
added into the formulation altered the 
acetaminophen pharmacokinetics by 
reducing the rate of acetaminophen 
absorption after intramuscular adminis­
tration. Mean peak plasma acetaminophen 
concentration(C111ax) was also decreased in 
the lidocaine-added formulation. However, 
all pharmacokinetic parameter values 
except Cmax of the two commercial brands 
of intramuscular acetaminophen formula­
tion in healthy volunteers were similar to 
the previously reported by many 
investigators. It must be noted that Cmax of 
the two intramuscular acetaminophen 
formulations, with and without lidocaine, 
used in this study were 3.86 ± 0.45 and 
4.08 ± 0.52 µg.ml ·1

) respectively, which 
were lower than the lower limit of the 
plasma acetaminophen effective concen­
trations for analgesic and antipyresis ( 10-
20 µg. ml"1 

) <
1
•
6>. According to these data, 

we suggested that a physician should 
carefully consider before prescribing these 
two intramuscular acetaminophen formu­
lations to the patients for their analgesic 
and antipyretic actions. The doses of 
intramuscular acetaminophen injection 
given to patients should be increased to 
achieve the plasma therapeutic level. 

In summary, our study has 
demonstrated that the intramuscular 
acetaminophen formulation with lidocaine 
compared to that without lidocaine was 
only significantly different in Cmax , ~ 
(abs) and Ka . Therefore, we can imply that 
lidocaine added into the intramiiscular 
formulation alters the C111ax, ~(abs) and Ka 
of acetaminophen, which reflect to the 
decrease in acetaminophen absorption rate 
after intramuscular administration. Its peak 
plasma concentration of the formulation 
with lidocaine was also reduced by 
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lidocaine as evidence shown by decreasing 
Cmax . However, the results in this study 
presented here also showed that Cmax of 
these two intramuscular acetaminophen 
formulations are much lower than the 
lower limit of plasma acetaminophen 
effective concentrations. For more 
information, our next study will compare 
the pharmacokinetic parameters among 
different brand names of intramuscular 
acetaminophen formulation produced by 
several pharmaceutical manufacturers in 
Thailand in normal subjects. These studies 
would provide more information to a 
physician for decision making for drug 
selection which intramuscular aceta­
minophen formulation should be 
prescribed or avoided in medical practice. 
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A MODIFIED HOT PLATE METHOD 

Muckda Chitcharoenthum 1 and Watcharee Khunkitti2 

1 Department of Pharmacology, Medical Faculty, 
2Faculty of Pharmaceutical Science, Khon Kaen University,THAILAND 

ABSTRACT 

Hot plate induced-algesia is selectively inhibited by a central acting analgesic 
compound like m01phine. This experiment investigated the factors involved in the hot plate 
method, begining with the temperature of the plate. Mice treated with either aspirin. 
dic/ofenac, m01phine and Cardiospermum halicacabum, Linn. extract were placed on a 
glass cylinder, in a water bath to determine their response threshold. Each animal was tested 
four times at hourly interval. The first two times of testing before drug administration were 
averaged and represented the control threshold. The results show different levels of response 
in temperature and in time between those mice treated with paracetamol, dic/ofenac and 
those treated with m01phine. If factors involved in the hot plate testing are known and 
controlled, the central and peripheral acting analgesic compound may be distinguished by 
the level of temperature and time of response. 

Keywords: analgesic, hot plate, Cardiospermum ltalicacabum. 
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INTRODUCTION 

Among analgesic activity tests: 
acetic acid writhing test, hot-plate and tail 
pressure , the acetic acid test is the most 
conunonly used (11: 6: 3).It is used to 
detect the effect of both central acting 
analgesic compounds such as morphine 
and peripheral acting compounds like 
aspirin. Considering standard drugs used in 
the hot plate method, morphine sulfate and 
aspirin, there is no doubt about high level 
of pain response inhibition by morphine, 
but the inhibito1y effect of aspirin is 
inconsistently repo1ted. From no activity<1> 
,little activity less than 10% <2•

3> or even 
doubled jumping latency <4> has been 
reported. All these a1ticles used a hot plate 
of 55± 0.5°C to 60 ± 1°C to assess pain 
responses, forepaw licking, hind-paw 
licking and jumping. Some researchers 
measure latency to pain response when 
mice elicit any responses <2•

3
•
5> and some 

record latency to each response<4>. The cut 
off time on the plate varies from seconds 
to 2 min and the results of Valencia et al. 
(1994) showed that eventhough aspirin did 
not affect licking latency, the drug 
prolonged jumping latency. This raises the 
questions of which response latency is 
latency is sensitive for the action of aspi­
rin ? and how we can demonstrate the 
effect of peripheral acting analgesic 
compound by the hot plate method? To 
meet such objectives, various analgesics 
with known mechanism of action and 
unknown action were studied. This 
experiment, therefore, included an 
analgesic herbal which grows widely in 
Khon Kaen, Cardiospermum halica­
cabum. The plant has been used in the 
form of decoction in the treatment of pain 
and inflanunat01y condition m 
India,Ceylon, China and West Indies<6>. 
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MATERIALS AND METHODS 

Animals 
Female albino mice of 25-35 gm 

were acclimatized in the glass cylinder for 
4 hr before the experiment began. 

Apparatus 
Water bath, thermometer, surface 

probe thermister coru1ected temperature 
recorder and glass cylinder of 12.5 x 24 cm 
( d x Ii) were used in the experiments. 

Chemicals 
Morphine sulfate, paracetamol 

(Siam Pharmaceutical, Bangkok), 
diclofenac (Hoechst Pharmaceutical, 
Bangkok) were injected intraperitonealy at 
25, 200 and 40 mg/kg, respectively. C. 
ha/icacabum extract were fed orally at 
0.75, 1.5 and 3.0 g/kg. 

Methods 
Hot plate apparatus or hot plate 

analgesia meter is conunonly used and set 
at 55 ± l ° C. A few researchers used just a 
glass flask placed in a water bath or a basin 
of 56°C water<1

•
5> .In any laborat01y a water 

bath and a glass flask are readily available, 
they will be properly used in the hot plate 
test once the temperature of foe glacs 
surface where a mice is placed, is known. 
This experiment we used a glass cylinder 
of 12.5 x 24 cm (diameter and height) with 
initial temperature of 27.7 °C before being 
placed in a water bath of 72±1 °C. The 
inner surface temperature of the glass 
plate, where the mouse was placed, had the 
temperature increases by 0.2 °C/ sec. Five 
glass cylinders with known rate of 
temperature changes within 3 mins were 
used alternatively. Control tluesholcl of 
each mouse was taken 2 times, at hourly 
inte1val before drug treatment and twice I -
hourly after the drug administration. The 
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elapse time to behavioral changes such as 
paw padding(shaking),paw licking and 
jumping were recorded. 

RESULTS 

1. The study of pain responses and 
threshold temperature 

The temperature changes in the glass 
cylinder (Fig. 1) during 0 to 2 min was 
constant at the rate 0.2 °C /sec and the 
temperature at 2 min was slightly above 
50 °C, so the cut off time was set at 2 min. 
All mice except 2 (Tablel) showed 
sequencing of responses, paw licking and 
finally jumping. The temperature which 
induced these responses was above 40 °C. 

2. Alteration of responses after 
repeated testing 

In Group 1 (Table 2) a high dose of 
paracetamol was tried in two mice. The 
treated mice got sick, prostation, but still 
responded to thermal stimuli. Therefore, 
the post-treatment data of the two mice 
was excluded. 

The first time of testing, the mice 
exhibited sequencing of pain responses 
from paw padding, paw licking and fmally 
jumping. The second time of testing only 2 
mice showed paw licking before their 
jumping response (Table 2). The third and 
fomih time of testing only jumping was 
observed. This raises the questions 
whether they perceived pain or exhibiting 
learning response (avoidance). Another 
group (group 2, table 2) of 8 mice was 
tested tmder the same condition, allowing 
mice displayed any pain responses until 
they showed jumping response and the 
testing was terminated. The results of 
group 2-mice were similar to those of 
group 1-mice. Considering the temperature 
of the jumping response in group 1- and 
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group 2- mice, as the number of times of 
testing increased the temperature of 
jumping was decreased to the level lower 
than the pain threshold temperature (37 
versus 43 °C, respectively). The res'ults 
indicate that learning avoidance takes pa1t 
in the response. This disturbance masks 
the true pain responses, as a consequence, 
inconsistency of the response temperature 
or time is observed. 

3. How to get a more consistent pain 
response? 

In this experiment mice were taken 
out when they showed any response: paw 
padding, forepaw- or hindpaw-licking. 
There was no unified response for a 
particular mouse, so the pain re~ponses 
were not categorized (Table 3). The 
response temperature of four time of 
testing was similar at 42 to 43 °C. In order 
to get such consistent and valid results as 
in Table 3, firstly, the observer must be 
assured in themselves of judging the pain 
responses. At least two occurrences of any 
pain responses must be obse1ved in a short 
time span. Secondly, the testing should be 
blind, the observer should not know which 
animals were treated. 

4. The temperature elicited pain 
responses in mice 

Eight groups of 10 to 13 mice (totally 
83 mice) were tested twice at hourly 
inte1val in the blind obse1vation manner. 
The mice were acclimatized in the glass 
cylinder for 4 h before testing and those 
mice showed only jumping response in the 
first testing were excluded. If the threshold 
response at first testing was close to the 
second times as in the Table 4, one can 
take the average of the two value to 
represent the control tlueshold value. The 
response threshold temperature of mice is 
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Table 1 Pain responses expressed as threshold temperature (mean± SE) from 8 
mice which had sequencing of responses except one elicited only jumping. 

·um in 
oc #mice oc °C #mice 

3.4±0.81 7 43.5±1.5 4.6±0.81 7 47.8±1.0 8 

43.8±0.9 5.1 ± 0.83 7 41.5±1.7 9.7± 2.76 7 48.5±1.13 8 
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Fig.1 Temperature at the inner surface of a glass cylinder where a mouse was placed, 
before (27.7 °C) and during 3 minutes in 72 °C water bath (A). The glass floor 
has a constant rate (0.2 °C per second) of increases in temperature during 2 minutes 
with the goodness-of-fit of the regression line ( R2 

) of 0.995 (B).Each point is the 
mean ±_SE from 9 point of temperature recording. 
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Table 2 Transformation of paw licking to jumping during four times testing 
at hourly interval. Each figure is the ratio of mice elicited the response 
out of total number of mice tested and the temperature ± SE when 
the animal exhibited first jump. 

G roup 
Responses 1st measurement 2nd 3rd 4th 
forepaw licking 7/8 118* 016 116* 
hindpaw licking 7/8 118* 016 116* 
jumping 8/8 8/8 616 616 
jumping temp. 47.8+1.0 oc 42.4+ 1.3 °C 40.8+ 1.5 °C 38.3+ 2.5 °C 
* different mice 
two mice being treated a high dose of paracetamol were excluded 

Group 2 
Responses 1st measurement 2nd 3rd 4th 
forepaw licking 7/8 1/8* 0/8 0/8 
hindpaw licking 7/8 118* 0/8 0/8 
jumping 8/8 8/8 8/8 8/8 
jumping temp. 48.5±1.13 oc 42.5± 0.81 °C 40.3+ 1.52 °C 37.8+1.63 °C 

Table 3 A more consistent pain responses in a 4-times testing at hourly interval 
of 11 mice (mean± SE). 

pain response 
#mice 

Table 4 

1st measurement 
42.0±1.0 °C 
11 

2nd 
42.5± 0.91 °C 
11 

3rd 4th 
43.8±0.83 °C 42.86± 0.97 °C 
11 11 

Pain responses temperature ± SD of 8 groups of 10 to 13 mice taken 
twice at hourly interval in a blind observation manner. 

Response Temperature °C 
Group #mice 1st testing 2nd testing 

1 10 42.0 + 1.88 42.15+ 1.05 
2 10 42.1+3.37 42.1+2.94 
3 10 40.0 ± 2.11 40.5 ± 3.27 
4 10 42.4 + 2.21 42.4 + 2.13 
5 10 42.2 ± 3.97 41.8 ± 1.78 
6 10 41.5 ± 1.49 42.2 + 1.93 
7 10 40.0 ± 3.50 40.l ± 2.60 
8 13 41.5 + 2.42 41.7 + 2.59 

Avera2e 41.45 + 2.76 °C 41.59 + 2.42 °C 
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Table 5 

group (mg/kg) 

Control 
Paracetamol 
200 
Diclofenac 40 
Morphine 25 
C. hali. 0.75 

c. ha/i. l .5 
c. hali. 3 .0 

Thai J Pharmaco/., 1997: 19(1) 

Effects of various analgesic compounds and C. halicacabum extract on 
the latency of pain responses. 

Av. Control Mean Time of Paired % 
response time Response ( sec + SE ) I-test responder 

n Oh I h 2h lh 2h lh 2h 
11 50.55+3.90 54.55+4.IO 53.73+4.72 NS NS 0 0 
II 55.05±3.92 61.45±4.95 58.73±4.77 NS NS 27.3 27.3 

II 48 .59+5 .35 57.82+5.17 56.45+3 .54 p<0.05 0.05 18 0 
10 48.55+6.24 81.20+18.8 75 .90+ I 0.0 p<0.01 0.05 90 80 
10 50.70±2.54 65.40±3.52 59.70±3.63 p<0.001 0.01 90 50 
10 52.35±4.39 57.00±3.70 64.20±10.6 p<0.05 NS 0 10 

11 46.00±4.75 58 .60±3.39 61 .64±6.94 p<0.05 0.05 9 27 
* The difference in mean time of response from the control response time was tested by the paired t-test. 

The responder is the mouse elicited a prolonged response time greater than the group SD. 
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• Morphine (25 mg/kg) 

2h 

Ii] Paracetamol (200 mg/kg) 

11111 C. helicacabum( 0.75 g/kg) 

Im C. helicacabum(3.0 g/kg) 

Fig.2 Effect of various analgesic compounds on the pain response time, expressed as % 
antinociceptive effect. 

% antinociceptive effect = mean treated time - mean control time 
mean control time 

*p<0.05, ** p< 0.01 and ***p<0.01 significant level by paired t-test in Table 5 
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41.45 ± 2.76 °C (SD). A significant (p< 
0.05) increase in the response temperature 
of 10 mice-group is less than 1 SD, 
determined by student t-test of 
homogenous and heterogenous variance 
(eg. 42.2 ± 3.97 versus X ± l .05°C). The 
responses temperature higher than the 
mean control tlueshold by 1 SD is 
considered positive response or 
antinociceptive response. These can also 
be applied to the response expressed in 
time (or latency to any pain responses) if 
an animal are tested on the same cylinder 
tluoughout the experiment. 

5. Effects of paracetamol, diclofenac, 
morphine and C. lzalicacabum 
extract on the pain response time 

The pain response time was 
recorded twice before and after drug 
treatment. The average control response 
and the response time after 1 and 2 h of 
drug treatments: 25 mg/kg morphine 
sulfate, 200 mg/kg paracetamol,40mg/kg 
diclofenac and 0.75,1.5 and 3.0 g/kg C. 
halicacabum extract are shown in Table 5. 
In spite of the antinociceptive effect of 
paracetamol and diclofenac (Fig. 2) was 
low (10-20 %) there was some mice (18-
27%) responder while there was none in 
the control group. A higher antinociceptive 
effect of 20-30 % with a few mice 
responders was observed in C. responders 
in the 0.75 mg/kg C. halicacabum treated 
mice. It was surprising to notice a high 
percentage of responders in the 0.75 mg/kg 
C. halicacabum treated group. Among the 
three concentration levels,0.75 mg/kg dose 
has the lowest viscosity. The highest 
antinociceptive (50-60%) and responders 
(90%) was obse1ved in the morphine 
treated group. 
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DISCUSSION 

Temperature of hot plate used in 
analgesic testing varies from 48 to 60 °C, 
but the commonly used temperature is 
55 °c<2

•
4> .This experiment shows that mice 

exhibit pain responses to the temperature 
of 42 °C (41.45 ± 2.76).Paw shaking,fore­
paw licking and hindpaw licking can be 
observed before the occurrence of jumping 
response. Unfo11unately, the sequence is 
not unified even in the same mouse, 
therefore, the pain responses can not be 
categorized but clustered as "pain 
responses". To make sure that the elicited 
response is pain induced ,a mouse exhibit 
any response not the jumping was selected 
in the test without knowing how much 
trouble the jumping mouse can cause. 
Table 1 and 2 show that if the cut off­
response is jumping, there is the 
transformation of other pain response into 
jumping which may be not the pain 
response since the temperature caused 
jumping is much lower than the pain 
threshold temperature. It seemed that the 
transformation of paw shaking ai1d licking 
to jumping can be reduced by experimental 
manipulation (Table 3). Taking the mice 
off once any pain response was observed. 
Further studies are need to confirm this 
finding. In the hot plate method, a 
researcher usually tests a mice twice at I 0 
min interval before and once at 30 min or 
l h after drug administration (all in the 
references section). If what we have 
obse1ved is true that the experimental 
manipulation is capable of delaying 
jumping response, one can perform a 
number of tests before jumping avoidance 
becomes the main problem of the testing. 

The results in this experiment are 
in concordance to the knowledge that 
peripheral acting analgesics (paracetamol 
and diclofenac) exerts a low level effect 
and central acting analgesics (morphine) 
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exert a high level of effect in the hot plate 
method. Significant or insignificant effects 
of peripheral acting analgesics can be 
possibly reported since the deviation is 
derived from the number of responded 
mice and level of the elicited response. 
Once factors confounded in the response 
time such as the different rate of 
temperature changes in ·the 5 cylinders 
used and jumping mice can be controlled, 
the deviation of the response time (SD) is 
subsequently reduced. This experiment 
used standard drugs, both paracetamol, 
diclofenac in conjuction with morphine to 
evaluate the analgesic level of a tested 
compound. C. .halicacabum extract has 
low analgesic activity similar to diclofenac 
but gains high responders similar to 
morphine. A greater analgesic activio/ than 
a high dose of diclofenac interest us to fmd 
out how we can use activity level and 
percentage of responders to roughly 
distinguish narcotic analgesic from non 
narcotic analgesics. 

If response time is what we want 
to record, various factors such as rate of 
temperature rise in all cylinders used, 
initial temperature of the glass cylinder, 
jumping mice and testing manipulation 
need to be studied again in order to explain 
clearly how these factors affect the 
response and how can we minimize these 

·factor effects. 
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ABSTRACT 
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Faculty and residents from ten academic internal medicine departments were surveyed 
about their perceptions of the informational and service benefits in interactions with 
pharmaceutical sales representatives (PRs). Complete questionnaires were returned by 90 of 699 
physicians in the sample, giving a response rate of 13%. Residents and faculty generally had 
neutral attitudes toward the educational and informational value of the detailing activities. 
Faculty found more positive attitudes toward the information activities of PRs than residents did 
significantly (p < 0. 05). Interestingly, they both perceived that contact with P Rs were not 
influential on physician decision making. Seventy-eight percent of faculty and 79. 0% uf residents 
believed that physician could not be compromised, regardless of the value · of a gift received. 
However, faculty were more likely than residents favored existing presentation by P R.s at their 
hospitals. Twelve percent of faculty and 17% of residents felt they had sufficient training 
concerning professional interaction with PRs. '-----
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U\litJYl1\lvl1'1.41YltJ1Yl1HOlf (scientific factors) 

_. .. , .... •111 '1 .... ' .. \Hl::u\l\ltJYI ).) 'lf1YltJ1Yl1ffm (nonscientific factors) ).) 

DYITIV-Hlqj £) n11i\I tJ1'1Hl\I LL l'IYI [J<{I) mh\I hn~'ll £)).Jfl'lHl\I 
" A"" a.tv d,::r1 unmtJ1).JYl\l'lltl>Jl'lYILu'\.4 scientific L\A:: nonscientific 

m1~ nH1-;i1'!.41um m'lu11r.YLL Y1'\.4tJ1iJuY1u1Y1thfi'ru1 lJ. 
" u 

m11 i'Jl ti).) A tJ1 nrnL l'IYI tJ<t
2
"'

1 ~,nf '\.4u~HYI tJ1~\I 1~·~\.ut 
" " 

\LYIUtJ1LU'\.4-;i1'\.41Umn L vlvim\I 1 ii" H'tJ1'1J£J\IQ1'\.4 1" 
" 

H~i'~£JL)J~ n1~ 11'lf ,j 1tJY11\lvi'1'\.4n11t'lJHrn1tJ1 

(advertising activities) tl1::mrn 25% 'll£J\111tJ1~'11n 
151 • ., 1 tl 'I • • 1 " . n11'll1tJ ff1'\.4'lltl>JA '\.4 1::LYIA LYltJ l'IU11m 'lf\l1tJ 

n11 t'lJHC\411LA::ff \I Lff~3.Jn11'll1tr'1::ff\IO\ln11ft1 [Jfl:: . 15 
" 'Jl£J.j)Jfl~1n11'1J1 tJ tJ1.,f \l~)JQ1 t01tJ 1"41'.J 2535 l'llJ~1\A'lJ 

" 
~11·1N1tJ1"4m1t'lJ"1Yrn1tnH"n" 600 a1'\.4u1Y1

16
, 

" v .., - .., .J .di .... 

~LL Yl'\.4tJ1l'I tJ1 tJ1).Jff11\lff )Jl'l '\.4lill1l'IYI Q1n1J 

LLl'IYlrl~1tJn11).J£JlJ~\l'lJ£J \IQ1£JlJ\LYl'\.4qj1\I ') L'li'\.4 m11i 

V ,J' 1 ., O A "tl 
'lltl \l 'll1flJ, n11LlltJ\1£J1~11, n11 ~Yl1LQ1'\.4Yl1\I L 

1h::'lf )JY11\11 'lf1 m1, m1" t1uGi111~'1 t1111H11Y11\I , 
r" V A- el ._, -., 

n11LLl'IYltJ, ff'\.41Jff'tl4n111\l tJ, W5£lff'\.41Jff'tl4n1'iWI 

1h::'lfim1\11'Jf1m7 LU'\.4~mvlt1\l\lh1im'IY1V'i",j1tJ , " 
rnc,, v ci1" L 'in~ ~LLYl'\.4tJ1iJaY1il'lt11 l4m'ii",j1tJtJ1 

" 
'lJ tl\ILLl'IYI rr~1£J 1i.i U\I Li.iL U'\.4 ~Yl'i11J\L l.ii'Q) <5l \l1nn1'i 

~nH1'1J£J\I McKinney
18

l \LA:: Bank
19

l l'l1J11 LLl'IYlrl 

R1"4hqj L~ u11m'iL~fo'lJt1\ln1ut1\l1n~1LY1'\.4tJ1iJ 
" 

' 
DYlil'IAq] £1n1'ii\l,j1[J[J1 

l . h t . (tO) ' 'tl • ., 'I ' .. 
IC s em ILA::flrn:: Y-11J11LLm1tJ 1::\l11J1l4L)J0\I 

~"~~"L ~ld1 ~LL Y1UtJ11i.iiJ DYITil'll'lq]t1m'ii",j1tJ 
" 

' ~ A d ' 
tJ1'1J fl\! LL l'IYI [J '\.4£1 n \11 nu fl11).Jfl Q1 L ~ '\.4'1J £1\1\WIYI [J 

'!1 " ~ ll . 1 " (II) 
wn~Q1Yl1 Lu\l1nn17An'!Y1'lltl\I Hayes ILA::fl rn:: 

l'llJ11iJL YltJ\I 16% L ~'\.411'llt13.JA~L~fo\l1nr.ruY1UtJ1 
" " 

iJtJ7:: fo'lft! ~"~'\.4~1n'Jlti)JA~L~i'm1nr.l'1LY1'\.4tJ1 Li.i 
" " V r" I .., .., .... V dA 

~ nqi tl\l\LYlYI tJ tJ £J)J\l:: LQ111J'lJ tl>J AYI ~ Qll'IA1Q1LLA:: £J1\l 

u11tlri'm'ii"H,j1tJr..n~tJqi1v1 
" 

ti1~fotl1:: L YIA
1
lY1tJ 1J~HYltJ1

1

l~Rf1\lm1iJ 

H'm~uifnuu l'IY1rfm Lum1t11l~1i11La1L 'lil4n'\.4 v ci1" L 7 

n~ U\I 1"iim1~mn 1Q1LAtJ 1"4tl'i::L YIALYltJ~\LROl\111~ 
" 

LL YIUtJ1ff1m'imtl~ tJ'\.4\LUl'l\ll'IC]Oi m1iJ1 '\.4m1i\l,j1 tJ 

tll'll £1\1 IL l'IYI rf
1
lv1 ~°1 £1 Li.i \Lt1 :: 'f1 A'l.4YIOi '1J£J\I £J1\l11rl 

LL l'IYI rf 1Lt1::LL l'IY1rf tJ7::-;i1u1'\.4qj £1~\L Y1utJ1Lu'\.4t1a1" 17 
" 

d ' ' tJ ' • ., 1 \'\.4£J\l\l1 n £11\l1'itJ\L l'IYI tJ\l::L U\llJlJ £J tJ1\lff1flflJ '\.4n1'i 

L 'Jl 11\10 \l'f1 A'\.4YI Oi 'lJ ti\! \L l'IYI rJ ~ iJ G°i tl~Ju Yl'\.4tJ1 tJ1\l iJ 
" 

tJ7:: fo'lflrl l4m7tli'utl7 \lm'ii\1~1 tJ tJ1'1J t1\lu l'IYltJ't~ , 
A .J"4 .... .... tl ' A A .., A 

n17An'IY1'\.4\l\l)Jl'J10 1::R\IYI Ll'l£JAn'lY1YIA'\.4flq}'lJ£J\I , 
' ' 'tl • ., £J1\l1W \L l'IYI tJ\LA:: \L l'IYI [J 1::\l11J1'\.4\L~'\.4n£11 tJ 'im1).J , 

~1H01f G'i £11JYIU1YI 1l4m'i1i'll mJ A'li11ff11'1J£1\l~\L Yl'\.4 
" " 

tJ1 
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2537 
' ~ ' .Jl'!l "' l:. .J'.I mUJY11EHJ1'1YI '/J mmwtnH1m'1uu1:::nuu • 

~1[Jfl1'111tl 271 11tl LLa:::LL'r'IYILJU1:::-;j1u1u 428 11tl 

hw1v1-;i1nm1thJvi'1ar.i1'1LLUU simple random Yl13J • 
11 ti~ mmYILJ ~ 1v1 -;i1m1'll1 YI £J1tr t1u1 ~ ·rn 'r'IYILJ LL"' '1 

1.J1:::LY1f1LY1t1 

.,J "' "19 ':"/ ... 
H'1WJ"iJrl &'lf &Un1"i"i'J1l"i':1"'1JiJ~fi 

LTI~ El'1" a~1-tl unT1111.J113J'll 1)3.J aLUlULUU ... 
ffElU m3J~ r.i1i £J

1
lv1LL1.J au a::: vi' VILLUa'13J1'11 nuurnrnu 

.., m ~ly 
n13J'llfl'1 McKinney LLa:::Ylrn:: Ll1.J1Jff!l1JC113JU vi 

l'W1[J1)JaGJ ElTIOl'IJEl'1N<llflU L'liu \).jvi'u'11!::1J~tl 'lltl'1N ... . ... 
<T1au R'1LLUUfft1Um3Jntrum'1L1.J1yffitf~'1L"l~h:::u~ • 
ur.i~1LY1'1~'1'1Jt1'1r.Tfo (hi'u~m1L'll19flumrntf) R1u~ " ... ... 
~ ii'1'1l tl'1 LLUUffElU mm iJuYi1 rrnJ L~ tl1 nu'Jlu3J a ~1Uvl1 ... 

.... • ..J - • .t. .,J ' .d 
'll El'1t-J YI uULLa:::m rn3J L n £J1nrnnu 1um'1YllL l~YI £J3J m1 ... 
Al- ... it. I -..J' 
VIVl<ll anumL Y1Utl1 113JYl'13JaYl1'1ltl'1'1JEl'1'1l1lliYILL 'r'IYl[J 

" ... " 
L Y:w:hiir.ia vi ti m1i'1~1 £J £J1'1l u'1LL l~YI tf R1U ~ff!l'1 Luu 

~1 C113JL~ £J1n UYl113JfiYIL v; U'lltl'1LL l~YI LJ vi fl NU YIU£J1 LU ... 
l4av111vi1'1 ') 1vi£JLilLl1mUliY1:::LmU'IJEl'1Yl113JfiYI 

LY:muu 5 ffma vn3Juuum11vi'lluvaLfiYI (Likert 

scale) 1vi£JLiY1:::1mu~vuvi 1 T1:::1mu ~mY:u~1£Jur.i1v 
riv 

1
lu-;iun'1 5 T1:::1mu ~ti \).jLv;u~1£Jtir.i1vriv 

m11Lm1:::lf R1uu1n'llt1'1lLUUfftiutrnJ -;i::: 

LLffVl'1 Lu UY1111'1LL arnJforn ti [J1.JYl113JLL<llnvi1v-;j1u 1U 

"" • I ' ' ' Yl113J (l'IJ El'1TI 1<ll ElU1:::~11'1 El1'111[J LL l'lYI ti LLa:::u l'lYltl 

........... ..J du.· .d -
tb:::-;j1u1u ff1~1Uff1UYlffEl'1'11'1L Ufl1Ylfl1.JLn[J1nU 

l1 flUTIOl'IJ Elv El1'111LJL~'r'IYILJLLH!::LL l'lYI tf u1:::-;j1u1u-;i:::Yi1 . 
I ..J I ... V .... ~ 

m1mmLua£J'IJEl'1LLY1a:::'!lmLt1n-;i1nnu ~a'1v1nuu 

25 

-;i:::Yi1m11 Lm1:::lf qi D'ii'1t11-if'Rn9i m11 Lm1:::\f i1-;ii t1 
(12) d ii A .J1 '!! ~ 

(factor analysis) 'll''1L ULYITIUTIYI L'lfLUn11'1VI 

~mvi~).jvi'1L11.J1-;j1u1umn DDmilumi3J ') 1vit1 ... . 
m111m1:::lfmi1vit1i13J'llt1'1v11LLU1vi1v ') LLa:::Ldu 

l~Yi1m11Lm1:::lf~T'51u1ui1-;iimf'1~3JV11Lct1r.i1it1 ... 
• .J ' i1 ~ 

-;i:::Yi 1n1n13JTl!::LLUULla:::T11ma tl'lltl'1LLVI a::: ';)';)ti 

11.J'forn ti £JULLt1nnm:::~i1'1a1-;i11tfua::u wY1tf1.J1:::-;j1 

U1U 

mrn1~ 1m13JLLvinvi1'1Y11'1fffi 01-;i::: hi'ffnOi 

Student t-test ua:::~1Lu~t1~L~v:::Yi1m1Yi1mrn~1 
A .. 

95% Confidence intervals (Cls) m11Lm1:::~Y11'1 

Rn 9i J '1~3Jvid1 i1 u1LLm3J th L ~-;i11.Jm'1 R'1Yl3Jff1 ffQlf ... 
(SPSS/PC•) ua:::\11lffUu~1Yl113JU1'1!::LUU p value 

AA (13) 
lLUUff(l<llfftl'1Yl1v 

LLUUffuUn13JL~1'um1~'1ntru-;j1u1u 90 

~A !'I .J.11. 1::. 
QUU YIVlluU 13% 'lltlvlLUUfft>Un13JYlffv urnm JVI 

LiJua1-;i11tf11wY1tf-;j1mu 42 11£J fiYllUU 15% 'llt>'1 

' 'it. ' .. I • iv tl1'111[JLL'r'1Yltll1'1 271 11[] ua::LL'r'IYl[Ju1!::'11U1U 

-;j1mu 48 11[] fiviLUU 11 % 'JJtl'1lLl'lYILJU1:::-;j1u1u 
::. 

Yl'1 428 11[] 

ihuL ~nJ t>1v11tl lll'lY'ltJ'1:::ii n11QJYlqj anUNllYIU£J1 
" ... 

mnni1uvmtf1h:::-;j1u1u 1vimum:::ur.i1'1ri'1a1-;i11tf 

" 
LLl'lYILJiin11ffUYIU1nUNllYIU[J1Yl1''1a:::mu ') mn ... 
ni1 5 u1ti LLa:::m11'ut11l~~-;i1nNUYIU[J1U fl[J ... 
Ylf '1 ni1uwYItf1.J1:::-;j1u1ua r.i1'1 L v; ul!ilivi LLa::iim13J 

«1~cymvRfiQi ar.i1'1hnm" Lv;ulv1i1J'1a1-;i11tf 

LLlrntl LLa:::LL'r'IYltl 1.J1:::-;j 1U1UL1i ii n11LU~ [JU 

m1Qi n·113Jm1iv 1i£J1lLa:::m1lt1t111 ~1iL 'll11 u111R''ll 

vi1fo'IJu'111'1l~[J11.J1aYl13JYi1LL U::U1'1JtlvNLL YIU[J1 ... 
ihu1~aj'llu'1t>1v11tfuwY1tf (78%) ua::: 

1mY1tf1.h:::-;j1u1u (79%) lv;ui1m11i'llti'1rhual1i 

i1-;i:::ii3J a~1l Yh 1vi-;i1nr¥u YIU£J1 li.iiie~ flGi Dn1"ilU~t1u ... ... 
'r'lt)Olm13Jn11k'11i£J1'1JtlvLL'r'IYILJl'ii' tl1v11tlLLl'IYltl 
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\,I , ' ,,d I ' 

LRU£l'lJ£l-lr.l LLYIUf.J1YI DLLW't'HJ 'll-lLLYlnYl1-lv1nLLWYlf.J 
" 

tl 
,., , d d ,l:.i.,., 

1::v1U1Uv1U1Ufl1-lVtU-l (50 %) LYl1UUYlmUYl1f.J 

LLA::ih.J1v11U LL\~YI u LW f.J-l 12% LLl'l::lL W'r1 utl1::1i1 

" I ~ d\t "'t..r d U tl Q -u1u17% Lmuuri Lmum1au1mnu1num1 !JUYI 

YIU~ nnoi £1-lQJtJ r.i'LL YIUf.J1v1nffCl1UUt7-lL7t.JULLWYI u 
" " .J V A ' 

Yl111-lY1 4 LLIWl-lYlflUflYl'lJil-l£l1v11f.JLLfl:: 

'tl • ... .i... ' ... t 1"' 
LLl~Yl!J 1::v1U1UYl11 Yl£lr.lLLYIUf.J1 01f.J Vtfl::LLUU fl1111 

" d ~ I -._. QQ. d V A 

LVtUYl-lLLYI 1 {YlflUflYIL'll'-lU1n) rl-l 5 fl ::LLUU (YlflUflYI 

L:a-lt1U) l~ui11LwY1utl1::1i11huna::a1v11uLLl~Y1uij 

fl1111L ~ U lJ.hLYlnQJ1-l rlU n~11fi aih-1flUfl9itJ1un 1'11-l 

1 UlL~ UYIU1Yl'll u-lr.i' LLY1utl11 Un v m111n11ff£lU'lJ£l-l 
" t 1-lL7t.JULLWY1U m1lmum1at113JLLi'l::n11fftJUL~f.J1 

num1tllj uOi viuQ\ tl~LL YIUf.J1v1nt~Cl1UUn11~ n1Y1 

u ti1 -lLW t.J-ll~tJ 1La::ijl'1fluflQ\hu IR-lu1n9iam1tllju1i 

oiuQ\ar.JLL YIU[J1LLUUL~ [J1 nui1 lJ.ii1v:: loifom101 £JU 
" 

' ' !l1v11mwm£J (N = 42) 

t11~ (mean ! SD) 

Range 

LWfl, '51u1u(%) 

'Jf1[J 

Vt~-l 
• '!'Id d 
v1u1uurivum1fln1Y1 

52.0 .:t. 7.9 

30-68 

30 (71) 

12 (29) 

' .i 
fl1Lui'l[J 27 (6-43) 

-... dA d d • 
ffCl1UUYl"~.L1vn1Wlnlfl, v1U1U (%) 

' .. ... 
- vl'f1t1-lmrn11v.11Y1£J1i'ILJ 

' 
- i.Jv.1iY1£J1am:Su-l1v.>.i 

- 11111nu~ 

23 (55) 

7 (17) 

6 (14) 

2 (5) 

4 (9) 
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L ffU£1m111fi Vl'll £1-l r.i' LL Y1u£J1 ij r.i t19i £l m1i-l 1 i £J1tl'a u 
" .. ., .i ., ti t ' Vt7 £I'll tJYlni'l-lLn t.J1n Ur.IA 1:: f.J'JfU'lJ£l-l[JtJ01n11 

Ii 1v.ii1£Jij r.it1m::Y1uQ\ awqOi m111m1i-lliu1tl'au 

LLqj £l ti1-l l 1n Yl1ll f·JLl Y1Uf.J1nijUYl1J1Yl1 um1'lf1 LJ L VtA tJ 
" 

n11U1LffUtlr.li'l-l1UYl1-li'lf1n11LLi'l::m1aihh1£JY11-l 

i'lf1n11LLi'l::m1Q\01qj il'll£l-lHLL Y1ULJ1 
" 

1 . ' ,.i • 
Uff1U'll tl-l tl1v11[J LLWYlf.JYI LLYlnYl1-lv1 n 

LL WYl U tl1::1i 1U 1 U£l ti 1-lij U mhf) tyY11-lffn 9i fi tJ 

il1v11ULLl'mU ijfl1111L~u1uL:a-lu1n111nni1LLWY1U 

th::'51u1u i1HLlY!U[J1L i'.Jur.i'~~VIVt 1 LL fl:: LYl7 [Jll'll tlll i'I 
" " " .i ... ""tl t ,l: 1 ' .. .i ... YlrlnVI £1-lLLa::iJ 1:: [J'JfUYl-l [J1 VtllLLi'l::[J1L01ll Ylll 

" 
li1v.ii1trnti LLt1::ijm1in ~uv.umLiiuni1i1 l>.im1 

" 
lK111HLL YlU[J1U1LRUtJ'lltJlli'I [J1 L lKLLrhwmu 

" " 

LLl'iriutl1::1i1u1u (N = 48) 

a1~ (mean ! SD) 28.0 ! 1.5 

Range 25-33 

mfl , li1'"1U(%) 

'Jf1tJ 27 (56) 

Vt~-l 21 (44) 

• !'I .I '" v1u1uurivum1fln1Y1 

-m11'Jf 

- 11111nu~ 

- 'lltJULLriU, R-l'lli'l1 

' - ~'r'l1i'l-lmrn, w1::i.J-l~!J 

- L:St.J-l1v.J.i 

- lih::u 
' 

4 (1 -8) 

20 (42) 

9 (20) 

5 (10) 

3 (6) 

2 (4) 

1 (2) 
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Ti1cm.1 

[J1 

2 . iinT~ffU'r'lU1U1U ') (3J1nni1 5 u1fi) nUN 
" 

LLY1ULJ1 

3. iinT~Lu~ LJuiTim1it:1'tiLJ1't'ltr~~1n1~iim11La n 

Ltl~LJum1>Jf1QJLv;u nuwu'r'luLJ1 
" 

4. iin11LffUEl [J11't'li.iL'li11 Ulflff'l!'oi1i'u h~l~ [J1tna 

onmhLLU::\hllEl~NLL'r'lU[J1 
" " ........ .J' ., 5. Lmu m1L a LJ~ a1't'l111n nmmuLJ1 

" 
6. 1~H'uLJ1l.fi't'l'1uLJ1~1mh~~1nN'1muu1 

" 

~1Uvh~ ') 

8. ~LL'r'lU[J1DElf1~1H~1[Jlum1L~Um~q\1~ ') 

*(p < 0.05) 

.. .. ~ El1~1WLLW'r'l[J, 1U1U (%) 

~1"1Ul~U, tn'r'l -;i1u1u ~1U1Uff::ff>J 

500 0 (0) 0 (0) 

1,000 0 (0) 0 (0) 

2,000 0 (0) 0 (0) 

5,000 1 (50) 1 (50) 

1,000,000 1 (50) 2 (100) 

.. .. 
DTilTH.JLL 'r'WlU 

(N = 42) % 

17.0 

4.0 

0.8 

0.6 

2.4 

7.3 

0.2 

0.3 

LL'r'l'r'lV1h::~1u1u 

(N = 48) % 

13.5 

1.8 * 

0.4 

0.3 

2.7 

2.4 * 
0.0 

0.2 

Lll~'r'lV1.h::~1u1u, ~1U1U(%) 

-;i1u1u '11U1Uff::ff>J 

1 (25) 1 (25) 

1 (25) 2 (50) 

1 (25) 3 (75) 

0 (0) 3 (75) 

1 (25) 4 (100) 

27 
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A A ' ' ::. 1 'l" AA LlJEl1Lm1::~Hl1tl1lJYl·HUJYI YIU 'lftrncnm1 

1Lm1::l{i1-;iiu (factor analysis) Ll~mLuni1-;iiulii1..i 
')L\4Y1111..i~ 4 -;i::m.i..ioon1~d'.J\4 3 n~ll ~..idflo 
u-;ii u~1\4n11ffUUtm un-;im1J.Jm..ii'll'1m1 (-ll 01 

' 
LLfl:: 9) u-;iiu~1Um1iY1m-llmrnu1 (-ll'El2 LLfl:: 3) 

" 
LLa::ifoium1iHiY1TI'r1rn!iit1UViYlcJ (-ll'M-8) (YITn'll 5) 

d • da1 - .¥ " .., .... LLfl::UJil\41Vl::LL \4U11lJYllJ oma-LnYl'llU LYl'lJEl'llYln'lHl 
' 

1 uuYi a::u-;ii umnJ.Jn\4 tt1mVi1vh~..ina1..i1::Vii1..i 
.,J., d d i1"'~ 

vi::LLU\4111.JYlUEl[JYl~YIUfl::mnYl~YI (mean) ';)';)[) LYI 
dia ... I I A .ct I 

Y1 J.Jvi::LL uu 11JJ\4t1 u m1mn ..i na1..i-;i::J.Jvi11J..1Vim u11 

ii l1 ~uviGi1 u Y11'1U1 nq\ oi1 -;ii [J~'lln R11lLfl:: n1virn u u 

. d ...... d 4C1I tid 

tnuvi:: LmUYl LY11n umn..ina1..i J.Jm1J..1Viin£J11i.1 

Vl11lJ~YILy;ULU\4nfn'1 

-;i1nm11..i~ 5 lrni1i1-;iiu~ 1 01-;i116 

' eJ I ,J I &,.. 

LLl'IYl[JlJV11L\\fl[J'lJEl'1Vl::LLUULY11nu 5.6 (95% Cl = 
'tl . ... 41 d 
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Bayer 

Ciprobay® 
Outstanding broad-spectrum 
bactericidal activity 

• Against clinically relevant bacteria 
• Against nosocomial pathogens 
• Against bacteria that have so far been susceptible only 

to selective antibiotics 
• Without cross-resistance to other types of antibiotics 

the high-performance quinolone for bacterial infections. 

QP.roba)·!. /p1~bing information, oraJ and intrJ\'('OOUS 

= · ComPQsi1ion : Each Ciprobar 250/ 5001750 lilm-coa1«1 
1a bl<1 con1ains il91/582/87J mg or ciprono,ocin· HCI · 
H20, corresponding 10 250/S00/750 mg or cipro0o.\3cin. 
Ciprob3)' 100/ 200 in fwion fluid : SO ml/100 ml of in fus.ion 
Ouid con1ain 127.2 mg/2HA mg or cipro0o.\3cin lactato, 
corresponJing to 100 mg/200 mg o f dpro noxacin. 
Ciprob..'l)' JOO infusion fluid COOC\.'fllra1c: JO ml of infusion 
fluid com."t'fluare oon13.in 127.2 mg of ciproflo:-.acin l3'."t3 tt, 
corresponding 10 100 mg of cipronoxacin. 
!n~ : lnf.x1ions of 1he respiratory tract, middle 
car , sin l»CS, C')"t"S, kidneys omd urinary iract, g('nital orga.ns 
(including gonorrhoea), abdomen (e.g. bacteria l inf~tions 
of ga5t roin trs1 inal ua..:t, biliary uact, peritonitis), skin and 
5c)Jt tissutS. tones and joints; funher. scpt;..."3'1T'i1, info.i k>ni 
in paticncs \\ith reduced hosl defence, sek \'. tl\'C gu t d ('('Ofl· 

tamin31ion. 
Contraindica1ions : Hypersensili\it)' 10 dprofloxacin or 
0thrr quinofones. Children, juwniles, prl!'gn3nl and nursing 
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ABSTRACT 

Prostaglandins (PGs) have numerous cardiovascular and injlammat01y effects. 
Cyclo-oxygenase (COX) is the first enzyme in the pathway in which arachidonic acid is 
converted to PGs, prostacyc/in (PG!}) and thromboxane (J'X) A2. Recently, two isoforms of 

COX have been identified, sequenced and cloned. The constitutive isoform (COX-1), encoded 
by a 2.8kb mRNA, is present in cells under physiological conditions. The other form, 
mitogen-inducible isoform (COX-2), encoded by a 4.2kb mRNA, is induced by some 
cytokines, mitogens and endotoxin presumably in pathological conditions, such as 
inflammation. This review focuses on what is known about the newly described COX-2. 

Keywords: COX-2, prostaglandins,inflammation, NSAIDs 

INTRODUCTION 

PGs have numerous cardiovascular 
and inflammatory effects.< 1

> Cyclo­
oxygenase (COX) is the first enzyme in the 
pathway in which arachidonic acid is 
conve11ed to PGs, prostacyclin (PGI2) and 

thromboxane (TX) A
2

_{
2.3> Recently, two 

isoforms of COX have been identified, 
sequenced and cloned. One is a 
constitutive enzyme (COX-1) producing 
regulatory prostanoids under physiological 
conditions, whereas the other (COX-2) is 

induced by mitogens and proinflammatory 
cytokines during pathological states such 
as inflammation.(4•

5
•
6

•
7
) 

The possibility that COX could 
exist as different isoforms was initially 
suggested by Flower and Vane,<8> based on 
their observation that in different COX 
systems extracted from different regions of 
the body, there were different sensitivities 
to inhibition by nonsteroidal anti­
inflammatory drugs (NSAIDs). Further 
investigations into enzymatic kinetics have 
also suggested the existence of different 
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"pools" of cox.<9· 11
> These various 

studies, however, did not determine 
whether the "multiple forms" of COX 
being analyzed were actually separate 
isoenzymes or if the differences seen could 
have been due to the environment or 
subcellular location of the protein.<12

> 

The discovery of COX-2 
In the last few years of molecular 

biological studies, there has been a clear 
description of a novel, mitogen-inducible 
isofonn of COX <13·14·15·16> which unlike its 

' 
constitutive (COX-1) counterpart is 
regulated by glucocorticoids.' 13·16·17

> These 
two proteins (COX-I and COX-2) are 
encoded by separate genes,<18·19·20

> but have 
the same molecular· weight (approximately 
70 kDa) and share about 60% homology at 
both the cDNA and amino acid level, the 
structural and enzymic components being 
the most highly conserved.<21> Moreover, 
COX-I and COX-2, purified from mouse, 
have similar Km values for AA (3 .0 and 

2.5 mM, respectively) and appear to have 
similar Ymax values (29.5 and 23.0 nmol 

AA consumed/min per mg, respective­
ly). (22,23) 

The two isoforms of COX cany out 
the same biochemical function but there is 
a dramatic difference between the two 
isoenzymes in their patterns of expression 
and regulation. The COX-1 protein from 
sheep vesicular glands'24

> was cloned and 
expressed first,'25

> and the cDNA shown to 
encode a 2.8 kb mRNA. Similar analysis 
of COX-2 yielded a larger mRNA; 4.2 kb 
in mouse fibroblasts and human 
monocytes<5> and 3.9 kb in human 
umbilical vein endothelial cells 
(HUVEC).<26

> Each of these were 
translated into protein of molecular weight 
of70 kDa. 

The cDNA for COX-2 differs from 
COX-I primarily at the encoding regions 
responsible for induction.<7

> The COX-2 
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gene is an immediate-early response 
gene,<27> one of a set of genes associated 
with control of the cell cycle. This gene 
was identified in chicken embryo 
fibroblasts transformed by Rous sarcoma 
virus,'14

> and was identical with an already 
discovered gene (TIS-10 early response 
gene) in Swiss 3T3 fibroblasts treated with 
phorbol ester.<15

> 

COX-I is constitutively expressed 
in most tissues,'28

> although the level of 
expression varies between cell types. Some 
cells, including vascular endothelial 
cells'29

> and platelets,<30
> express relatively 

large amounts of COX-1. COX-1 appears 
to be maintained at constant levels, 
although small increase of about two to 
four folds can occur after stimulation with 
hormones and growth factors. (3 t> In 
contrast, COX-2 expression increases by as 
much as 10-80 folds. COX-2 is 
undetectable in most tissues, but its 
expression is dramatically increased during 
inflammation or in cultured cells after 
exposure to mitogenic stimuli. For 
example, growth factors, phorbol esters, 
and IL- I induce COX-2 in fibro­
blasts;<5·15·28·32) LPS (lipopolysaccharide, 
endotoxin) can stimulate COX-2 
expre s s i o n i n m o no c y t e s and 
macrophages;<6·33·34

> and tumour necrosis 
factor, phorbol esters, LPS and IL-1 can 
induce COX-2 in vascular endothelial 
cells.<4.35

> COX-2 is also increased in 
synoviocytes during inflammation,<36

> and 
a dramatic transient increase in COX-2 
occurs in rat ovarian follicles immediately 
preceding ovulation.<37

•
38) This latter event 

can be viewed as a local inflammato1y 
response. 

The induction of COX-2 
Table 1.1 lists some of the known 

inducers of COX-2 in a variety of cell 
types. Other possible known inducers of 
COX-2 include transforming growth 
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factor-P (TGF-p), forskolin, colony 
stimulating factor- I (CSF-I ), C39.40> and 
hormones such as progesterone, or 
luteinizing hormone (LH)Y2> Although 
only a limited number of tissues and cell 
types have been examined, it is possible 
that COX-2 can be expressed in almost any 
cells or tissues with the appropiate stimuli. 
Another important aspect of the regulated 
induction of COX-2 is that it can be 
completely inhibited by anti-inflammato1y 
glucocorticoids such as dexame­
thasone.c5·6·16•17> Thus, COX-2 appears to 
belong to a family of similarly regulated, 
glucocorticoid-sensitive, inflammatory­
response genes.< 41

> The ability of 
dexamethasone to inhibit the induction of 
COX-2 is a possible explanation of its 
potent anti-inflammato1y activity. While 
the induction of de novo COX-2 synthesis 
can also be inhibited by protein synthesis 
inhibitors (cycloheximide), inhibitors of 
RNA synthesis (actinomycin D) can cause 
fu11her decreases in PG production,<42> 

indicating a gene expression regulated at 
the level of mRMA.C14

> 

That COX - 1 is expressed 
constitutively in most tissues suggests that 
it is a "housekeeping enzyme" whose 
purpose is to produce ·prostaglandins that 
regulate normal cellular processesY1> It is 
likely that COX-I is the enzyme which, 
under physiological conditions, produces 
the PGs that modulate gastrointestinal and 
kidney functions and vascular homeostasis. 
In contrast, COX-2 produces PGs that are 
involved in inflammation and/or 
mitogenesis.c27.4l.5I> Physiological roles for 
the two COX isozymes will only be 
determined definitively when specific 
inhibitors for each isozyme have been 
developed or when animal models have 
been constructed that express only one of 
the two isozymes are available. At present, 
the idea of the housekeeping COX-I and 
the inflammato1y COX-2 provides a strong 
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working model for investigating the 
biology of these enzymes (see Table I .2 
for summary). 

Inhibition of prostanoid biosynthesis 
The main therapeutic value of 

inhibition of prostanoid biosynthesis is in 
the treatment of inflammation. Elevated 
levels of prostanoids have been observed 
in almost all models and all acute and 
cluonic inflammat01y conditions studied in 
human. PGs release is associated with the 
local tissue and blood vessels, while TXs 
and other eicosanoid mediators such as 
leukotrienes are released by accumulating 
leucocytes. <52

> PGE2 and PGI2 at 

physiological levels do not appear 
directly to cause oedema formation 
and pain, but strongly synergise with the 
effects of bradykinin and histamine in 
exudate formation, and pain production by 
an hyperalgesic mechanism. PGE2 is also 

a potent pyrogenic factor.CS2
> 

However, anti-inflammatory 
properties, es pee i al 1 y seen with 
PGE2 C53.54

> are likely to be involved in 
' 

resolution and healing. For instance, 
PGF2a may be involved in the contraction 
of granulation tissueC55

> and PGE2 inhibits 

lymphotoxin production in T-cell 
suggesting a role in immunosuppres­
sion. (54,56) 

Anti-inflammatory steroids 
G 1 ucocorticosteroids, either as 

exogenous or synthetic drugs or the 
endogenous forms, are potent anti­
inflammatory compounds, but exhibit 
severe side effects after prolonged use.<57

> 

Their ability to reduce inflammation is at 
many levels, including suppression of 
PLA2 activity and secretion of 

proinflammato1y cytokines and via the 
production of lipocortins.C53> Another level 
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Table 1.1 Induction of COX activity in a variety of cell types. Induction was, in certain 
models, deduced from the observation of increased PG synthesis. In the examples 

marked,* the induction of COX-2 mRNA or protein was specifically demonstrated. 
There is a wide range of inducing stimulus including endotoxin, cytokines, growth 
factors, mitogens and second messenger molecules. 

Inducers Cell types Ref. 

LPS Endothelial cells 26,35 
Monocyte/Macropha 33,34 
ges 

TNF Endothelial cells 35 
Macrophages 16 

IL-1 Endothelial cells 35 
Macrophages 5 
Fibroblast 5 

IL-2 Endothelial cells 43 

PDGF Endothelial cells 44 
Fibroblast 45 

EGF Endothelial cells 46 
Smooth muscle cells 47 
Amnion cells 48 
Osteoblast 49 

PMA or Endothelial cells 26,35 
TPA Smooth muscle cells 26 

Fibroblast 26,32 

Serum Fibroblast 32 

cAMP Osteoblast 50 
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by which steroids act is to inhibit the 
induction of the COX-2 isoform.<13

•
16

> 

Non-steroidal anti-inflammatory drugs 
(NSAIDs) 

In 1971 , Vane showed that aspirin, 
indomethacin and salicylate exerted their 
effects by the inhibition of cox.<59

> Since 
then, three different mechanisms of 
inhibition have been described for the 
inhibitory action of these drugs. Aspirin 

37 

noncompetitively and irreversibly inhibits 
COX by acetylation of the hydroxyl group 
of serine residues and specifically Ser

530 
to 

disable the bis-oxygenase activity.<60
> 

Indomethacin noncompetitively inhibits 
COX without covalent modification of the · 
enzyme while ibuprofen-like drugs inhibit 
COX by competing in a reversible manner 
for the AA binding site.<61> 

Table 1.2 A comparison of some properties of COX-1 and COX-2 

Parameter COX-1 COX-2 
Homology: 

cDNA* 599 amino acids 604 amino acids ( 60% 
identical) 

mRNA 2.8 kb 3.9-4.2 kb 

Protein (MW) 70kDa 70kDa 

Km ( f o r AA 3.0Mm 2.5mM 

substrate) 

Vmax (for AA 29.5 nmol/min/mg 23.0 nmol/min/mg 

substrate) 
Regulation Constitutive Inducible 
Range of expression Can increase 2-4 Can increase 10-80 folds 

folds 
Tissue expression Most tissues Most tissues but requires 

suitable stimulation 
Effect of glucocor- Little or none Inhibit expression 
ti co ids 
Proposed role of "Housekeeping Inflammatory response 
enzyme gene" to produce gene, 

PGs in physio- immediate early gene, 
logical conditions responded to mitogenesis 

or pathophysiological 
conditions 

* Protein regions believed to be important for enzyme function that are conserved include: EGF homology 
domain, haem ligand sites, aspirin acetylation "active" site, glycosylation sites, maximum enzymic activity 
(V max) and a"ffinity for AA (Km). 
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Irrespective of the mode of 
inhibition, the major side effects observed 
with all NSAIDs used are gastrointestinal 
ulceration and renal damage. (2•

62
•
63

> Both 
forms of toxicity are associated with a 
decrease in PG production in the stomach 
and in the kidney. Experimentally, these 
side effects of NSAIDs can be reduced by 
the simultaneous administration of 
exogenous PGs (PGE

1
).<64> Indeed, some 

NSAIDs are now marketed in combination 
with a prostaglandin analogue. Following 
the demonstration of the two COX 
isoforms, these toxic effects have been re­
interpreted as being due to inhibition of the 
constitutive COX-1 in these tissues. It is 
implied that PG production in the stomach 
and the kidney is essential for the normal 
functioning of these organs and, thus, 
inhibition of this normal production 
catalysed by COX-1 leads to the observed 
pathology. 

Future prospect 
The differential inhibition between 

these two enzymes by NSAIDs shows their 
pharmacological difference and which it is 
suggested that the inhibition of COX-1 
activity ("housekeeping" enzyme 
responsible for the formation of COX­
met ab o lites under physiological 
conditions) by NSAIDs accounts for the 
well-documented side effects (e.g. gastric 
damage) of these drugs. In contrast, 
inhibition of COX-2 activity accounts for 
the potent anti-inflammatory effects of 
NSAIDs. The development of relatively 
selective inhibitors of COX-2 activity will 
lead to better anti-inflammat01y drngs, 
with fewer side effects. As COX-2 is 
present in many inflammatory conditions 
and is induced by various inflammatory 
stimuli, an elucidation of the signal 
transduction mechanisms involved in the 
synthesis of COX-2 will gain a better 
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understanding of pathophysiological 
conditions, such as inflammation. 
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ABSTRACT 
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Because of the widespread arousing interest in Helicobacter pylori infection, 
pharmacological treatment for peptic ulcer faces great changes. Although several 
controversial aspects about this infection are still suspended in medical profession. There are 
a lot of evidences which have proven the benefits of eradication H pylori from the gut of 
peptic patients. Moreover, NIH consensus conference has approved eradication H pylori in 
eve1y peptic patient who is infected with this spiral organism. This article is hoped to be 
useful for catching up pharmacological management on this catchy name, H pylori in peptic 
disease. It reviews about importance, basic clinical studies, and gastric pharmacology. 
Various regimens of treatment are summarized. Some of general considerations in drug 
therapy are also discussed. 

Keywords: Helicobacter pylori, peptic ulcer, pharmacological treatment 
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1m:::mum MIC 'U V~tJl amoxicillin 9lVl'llV H. 

I ~ i d I ~ d I 

pylori VtJ Hl.Jlfl~ ~lJ '\.J~ ~f1'111\J tJ11lJ ~11 
I Cl. cl 

omeprazole 'll1tJ1ff'ilJtl'Y11i'UV~ amoxicillin Lm::: 
.. &..,. .,,,. !"1 
Vf1'1'11~11lJ~flV omeprazole 'I'll l1fllfl11lJ11JlJ 

fl ':i ~ ~ H l lJ fl ':i :: m 1 ::: 
1hJ ~ 11 fi lJ 11 iJ ~ lJ °ti 1 i H 

iJ':i:::iY'Ylllfll'Yl'UV~ amoxicillin '1fl'1~ iu'Urn::~ .,,, ... ,, ,, 
omeprazole '1'11 l1':i ::~ 1.Jf111l.Jl'U lJ'U iJ'UV~ ,, 
metronidazole 1uil1UVtJm::m1::mm':i'1~'1~ 
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1dv.:i~nn}jm·nnvi trapping Vl metronidazole H 
, :: ,,,..,i I \l d 

'U'lfW 9lWtltJm::Ll'll::tlll111 VfJH rnmlJTl111J ,, 
V SJ Q.I I Q.I I f ~ Id 

l'UlJ'U 'UYI .:Jfl'111fJ.:Jff .:J fl1 lfll MIC 'UtlWlHltlfJYI .... .... ,, 
ff1'U clarithromycin U'U omeprazole 

1

l~
1

l~)j~'1 

, 'U fll'j LU~ fJ'UUU M1::~1J¥1111Jl 'Ii' lJ'li' 'U'Utl.:JfJl, 'U ,, 
ihduvu~m.h.:i 1vi 

. " 
mnh'iunnriH1V11iffB H. pylori 1uw~~1rn~ 

0 "' 'l " I mrn1~ VI H. pylori VI Ufl amoxicillin, 

tetracycline, bismuth compounds, clarithro­

mycin, azithromycin mi:: metronidazole ri1uv1 

~i1m.11~i1l.Jl~tl'1Ylfl11'11~.:imvi~u fl~lJ proton 

. h'b' .k 11" I I pump m i 1tors 'lf\I Ylllfl omeprazo e uri:: 
"I I 

'\11V fl~lJ H2 antagonist 
I 

l'll''U lansoprazole 

ranitidine 

AMOXICILLIN 
,, ,, 

v 1i1 ff llJ 11C1v1J v .:i fl 11fff1.:i ~1'1 \llcifrl~ 
~ '" 4i '\JV\ll'll'V H. pylori lYI lYlfJVtlflCl'Yl1i'Yl.:JU1JUmvn:: 

,,; 1 ~ ,, ... 
'YlfllfJ lJ lumen lrn::anY1Ylcif1Jl'Ulm::umriuY1 .... .... 

' ,, 
ucl'T11~.:iuuflm 1 uihdvv'Uv.:im ::1 m:: mm1 v1 

,, 
d " I 'l Ye::t • dtl ... ... 
u 11 lJ ~ :: nu 9l u fl rn mi u lil ~:: lJ 1 :: ff 'Yl n fll l'lff .:i .... 

~ Y11rl vv~ 1ufffli1 ::~fl lfl Hl-~ i.:i111 u fl'1 H 
,, 

(neutral pH) v.:i 1l~vmi1ih1v.:i1uo.:im1$ivm 
,, ,, 

'UcM1'11vi1~u amoxicillin 

TETRACYCLINE 
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; ,, 
vrnuflq'Yli u 11u .:inu fff H 1 tl1~ lJ'\Jtl\I 

,, . 
L'i1uu11flfi1'5 v ihh::iY'YlimmJ .:J"!vi 1 u~rn11::fi~1 

flrn-~1.:iii~1~1 u.:i 1lfrr~1J11fJ\11lJfl11~l~V H. 
,, ,, 

"I I d 

pylori YIV9ltlfJ1lJ 

METRONIDAZOLE 

'\1~\1~1ni'mh::mu metronidazole t'li'1 

1ltl ~ SJ I "I .:, v 1 ~:: Q fl~Yl ciflJ L 'U l "J fl 1:: 11 ff rn u vi1 rn:: ~:: Q fl'\1 '1 .:i ,, 
uvn>.J1~tl idvvm::m1::mm1 tl1::iY'Ylinm 

0 ,J\11~ Q.I I I Q.I 

fl11'Yl1.:J ll-l 'Utl\I fJllJ lJ 'U lJ fl 1J¥l 1fl1YlYll.:J1JlfllJ fl 

"""" "' .k U1Jfi'YllWlJfl~::'U1VI nitro-reductase activity cif\I 

ill ui.1 ~~ vtf 1~ qJ 1 um11n Yl'U1J1lJ fl11 reduction 

L~ v1tl~ vuv11 i1' Lll u i ti~ ii q'Ylf 'Yll.:Jlfl ff 'lf1 'Yl v1 

• SJ d I d 

(active fonn) lllJ~::l.Jfl151lfJ\lllJ11 H. pylori lJ 

JI .l l "' \11 0 ~ 
fl11VIVliltl metronidazole lJlfl'UlJllV!fJ\I lJ~ ll1JlJ 

' ,, 
4 d Q.I d Q.I 

f:l\l'UlJ1Vl'Yl~::Y1VlfJ1lJtlVfl~lfl regimen mnmn 

1 utl~~uuu1> 

CLARITHROMYCIN 
; ,, 

tltlflt)'Yli u 1JV \lfl11fff H hh9l tJ'Utl.:J 

d.d d I cf I 

U1Jfi'YllW lJ'\Jtl1J'IJ1fJ (spectrum) fl11tlVflt)'Yl1il'lflJ 

4Cf. Q.I I )JI d.:!( I 

lYlfJ1fl1J erythromycin U9l'UtlYl¥1VffllJ11C'l'YllJV!tl 

flrn 1l~~fli1 Qfl~Vl~ll 1l~~ni1 1rn::~"11~qJii 

tl1 ::iY 'Yliiflll~"J.:ini11uflu1~i'mn H. pylori 

clarithromycin ifod~Jum~1~U'YllJ metronidazole 
' ,, ,, 

, d.ct~ d ~I 

umru 'Yl l'lf u H. pylori lJ m1vi tl9l tltJl 
,, 

• SJ d d\l SJ I 0 , SJ 
metromdazole '\JtllfffJ'IJVWllJ Ylllflfl11'Yll '\1fl11 
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QI ... ti ... d & ,, 
'j'lJ'Jn'~fl n~~~V1'1'1::lJln'1'UO~'U'UlflVIV~'l1~fl ,, ,, 

4dl .., d~ ' " 
Ul Vn'YIWl'UmlfllflV'U'UHUVM 

AZITHROMYCIN 
.:I I tef I d QI 

11'UV'U'U1umrnvnq'Yl1i l'lf Uifl u1n 'LI 

,, ,,,, 1 OI di 

l'IJ lJ'U 'U'Ut:Mu1 uu iuvt1m::m1::vrnn11mn' ~ .. ,, 
I a ~ I SJ 

n11 MIC 'UtNL'lfV H. pylori 11J'Ul1"1tltJH'Utltl 5 

1'u11~.:i'11ni''Utl'J::murd18> 

BISMUTH COMPOUNDS 
,, "d 

m'Jtl'J::m>'UU vvnq'Ylii ill u topical 

antimicrobial drug Lflt1'1::<th1tt'm!.:i1~mf'llv.:i 

ll'Uf1Vil~tllfftlf111lJU~.:iuH~N 1h.J (integrity of cell ,, 
wall)

119
> 'Utl0'110Un'i'Jtl'J::nt)'lJ bismuth iif111lJ 

mmrnhm1'J~'Un'U necrotic tissue ~O'Uur·m~.:i 

rn·ij t>u1rl u barrier ti nil 'il.:iu~Cl'11nnrn 1u ,, 
m ::m1::tllm'J

120
> 'U'iln'11n-W a.:iilv.:inu 

1hJ1i1' 

,, 
<!I Q 11,, I 

1'lf'il H. pylori '!Hlltl'l'lf'U fl fl l'lf'U urease, 
~1 ,, 121i 11 .,,; ..,:.. , 

phospholipase 1u'UVl'W mi n'il'U'YllJnl'Jfffl11 

& I ,, I QI i 0 d I "' ... 22 m lflun t1'Ut1.:im'J'YlHl'U'IJtJ.:imu l~mtltl~u< > 

QI QI (23) I '1 1 ,, 
'1'Un'U epidennal growth factor 'lf1tJm::9J1J '11 

d ,, ... ,, 'I ,, .. 
lJnlHY'JH'lrn'ilff9111lffCl'Ufl'UU'1::m::~'U L'l1lJnl'j 

11~.:i 1lm11{um'U1>11'Um::rvn::v1m'J
124

·
25

> 'Utln 

,, ' 
I d <!j , ,, I QI 

'l'rn11U11JUJV 'lf'J11Jn'U metronidazole n'llJl'JO 
,, 

I QI <!j I ll 1'(27) 
'lf1tl'1fltlmlnl'JflVVl'iltll metronidazole M 'fl 
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encephalopathy 
11~ n'i'Jtl'J::ntl'U bismuth iifftl~ 

'lfi1fl
1

1~ un bismuth subsalicylate uci:: 

tripotassium dicitrato bismuthate ~.:i'lfUVl'l1~.:i 

ill'U'lfiJfl~l '*n'Uv~l'Utl'J::l'Ylff1l 'Ylt1 11'1~u1Ja.:i 1hJ ,, 
ii nnt1n1:11i1.:if1111111vin9l1.:i'J::111 i.:it11n .:iffv.:i 

'lfiivin'LI~'1'U'il.:im'Ji'n1:11 

PROTON PUMP INHIBITORS 
,, " ,, 

t11 i u n tj lJ iJ ii q'Ylii ~ 'U u .:i mYivd i.:iii 
" ,, ' 

tl'J::ih11imv~ 1vimrnnq'Ylna'Lia.:iVi H. / K. ,, 
i I d\l,, I 

ATPase tll 'UO(JlJ'U flUn omeprazole irn:: 

lansoprazole t11~u1Tl'ty1rn::iim'Jffn1:11vd1.:imn 

flv omeprazole ~.:iiin'11lnmrnvnq'Ylf~th 

ffu1'111'1w1h::m'J ~v 
1

hJ1rit1.:iu~'li1t1'J::~'Um'J 
' ,, 

11~.:im111 um:am::tJ1'111'J lYllU'U omeprazole 

a.:il11 Ltttl lf111lJilJUm fl-~ 1.:i l 1J'YlHl~ 'U'il1'11U 

11 I ~ "' 11-1 d o 'l ,, ,, d "' 
llll'l1'1'Uln'U u~.:i'1::'Yll '11tlll'll'U'1'1'lf'l'ml.:i'lf'Ufl • 

... " 1
hhnmrnl11.:i1'U 

11~ 'UV0'11nU a.:iii \)Yln ~l'U 
... 

ct I "I 1 (28) 0 'I ,, "' 
~Cl'lf'l~Vltll'lfV H. pylori fltJVIH 'Yll L'1110flnl'J 

... 
• "' ( • • ) <!I .(29) 

'Yl1"1VVl11V.:! auto-tox1c1ty 'UtNL'lftl H. pylon 

"' i "' 0 'I ,.. d d ... "" 1 11 "'"' .x (30) {) n'VM ti .:i 'Yl1 1'1111 'U fl 'Yl l W 'U1.:i'lf'Ufl1 \11 'U \ll fl VI 'IJ 'U 
... 

1rn::'li1t1lttf111l11iU'lJiU''U'IJtl.:i amoxicillin lm.h 
I ,.. ,, .x Ql \l,, I ,, 

t1'ilt1m::m1::m11n L'IJlJ'IJU'U'Ufl.:i ~ nm1m'IJ1.:i 

" I Pl OI 'l 'i I ~ ~ Vl'W ff1'U lansoprazole lu'Utll\111 '1111 'UmJll'U'Yl 

.. ~ & ""'' QI ,, .. .,,; 

11 nu rrn1:11 o .:inn 1 'lf 'J 1lJ n 'Utll\ll l'U ~ C'l'lf rHVrn 
... 

0 QI <!j I QI (JI) 
n1'1fl1'lftl H. pylori l'lf'\.Jn'U 

., 
nrnmn 
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d .... i j) 0 CV A ~ 1 "-'1 
~t'l<JfVHVlfl 'lffl1'1Ylfll'iVl~l'lffl H. pylori 'U~lJ1tJ 

UffrtnhJ~n 11~ National Institute Of Health 

'l" 0 1" ... " Consensus Conference VlU'U::'Ul '11fll'irnll1H .. 
' y 

tJ1vmm1iJiJ~ f1'VJ mwn YnJ11i1 fll'i~ Vll<lf V H. 
,, jJ d' <V , Qlt ~ 

pylori Vl 1tJtJ1Vll'U ~ t'l'lfl'l'i11Jf11WltJ'lJtJ.:ifll'i'l1M 

f)'jVl(32) 

" 0 .., <!:I 
Regimens n1W1f1Vll'lffJ H. pylori 

(21) ll v . ... 
Walsh Vi'i1U'i11J regimen fll'irnlllfll'i 

" . "' a ~l V "' (33) 11 v l'lVll'lltl H. pylori 11'111JVl1'i1.:i'Yl I Soll m1U 

... .% .,J • .% ... "' 
'i 11J f11'i rnll1'\J'U 1J1fl1tJ'l1 t'l.:i C)f~'Yl1'\J'Ufl1U'11t'l~'11f11J 

& i v ... .% 
m rnmn 'U mum rn m:: v:: nm m 'i 'i rnnm n 'IJ 'U 

d J ~I llv ... J' 
(l'll'il~'Yl 2 lm:: 3} C)f~l'W'1::1Wf1lU'UfffJ1J'l Vl~M'U 

TRIPLE THERAPY 

CV J ~ d 
f11'i 'i fflfl'IJ'Ul'UlJ \I mtl."Wmm~1um'i 

y 

fomm'i~m'ifv H. pylori i"WU'1~'11'U -ffrni''lJfll'i 

"' 1 i v v "' "" 'l d 'if1111 VlU 'lftJWl1lJ~t'l'lfl'lff11J'l1lJVl lJ regimen 'YI 

iJ'i::f1flU~ 1U bismuth, metronidazole, 
" . 

tetracycline (BMT) tim'ru-:im1ml~m::u::nm 
.% ~I ., dll •11 v I i v ... "' 

'WllJ'UlJllJlJ 28 1'Uf1 1J Vl'lf1U mmm'i'ifflflVl 

,1 I <!I d ... i . 
'\J'U ft1'Uf11'it'!Vl'i ::u::nmmmmw.:i 7 1'U'U'U'Yl1 

& I 1V I V i mrnmn'Vl'lJ11'111f1 '11 omeprazole 'i11JVl1tJ lJ 

" 
'll'U1Vl 20 11n. 1ut'l::ftv.:if'lf .:i"U1'U 7 1"W i111fiu 

j} d CV oiV 
\!l'l'iU11'11'U~t'l'lfVI BMT 'UllJ 7 1'U '1~'Yl1 '11fll'i 

o cvJ~'1 d 
f111lVll'l1tlll'l1J'UlJL1J'U 98% im::'lu regimen ~.:i 

" n~11iimm'it1 'l~ amoxicillin U'YllJ tetracycline 
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1rn~i-* clarithromycin U'Yl'U metronidazole ii~ 
o l SI. I "" "" "' 'l· I SI tl1 '1'1::'YI1 '11 IJ 'i:: ft'Yl n m VI fll 'i rn ll1 Mm .:i lJ m .:i 

i S/ S/ d "'I ., 'lV 
f11'i 'lfU1911'U~t'l'lf'Vlftfl.:i911'i1lJf1Ufll'i '11 

U1'i::~'Ufll'i'l1~~mYI iu regimen ~iJ'i::nvu'liJ 
v 
Vl1tJ metronidazole, amoxicillin, ranitidine 

ffllJ1'i\lt'l~'i::U::l1t'l1fll'i 111' ranitidine t'l~llTilfl 
y 

301'"W
1

lli'1V1uv.:ii1-0m1m'in1~V11<lfv 89% mi 1u 
" y 

"' I ... 'l V 
t!m~.:inm1'U'UffllJ1'i\l '11 claritlu-omycin U'YllJ 

metronidazole 
11 ~l ~ U~ 'l lf Ht'! hJuvi f1~1.:i n'U ri1'U 

1 v • ., 
f11'i '11 Ul omeprazole 'i 11Jf1 'U amoxicillin, 

y 

clarithromycin 1lfHt'lf11'in1~ ~1<Jf v 1llJ mnn11 

90% 

DUAL THERAPY 

i " j/ d d CV d I • <V 

f11'j 'lf tJ11'11'U ~ t'l'lfl'Ul'W.:il'l 11YI tJ1'i 11Jf1U 

proton pump inhibitor ~i1nnffn111numn~"!Vl . 
d I ~ I CV 

'Y!Hl'U1J1fltl omeprazole 'i11Jf1'U amoxicillin 11:: 

" I i V 0 °' <!f 'l !)\l Id Yl'U11 '11Nt'lf11'if11'1Vll'l1tl Vl lJVl 

I i V °' 'IJ'U1Vlt!.:ilJ1f1l'l1'U '11 omeprazole 40 1Jf1.1'Ut'l:: 3 
" y 

f'li'.:i i11Jn'U amoxicillin 750 1Jf1. 1'Ut'l:: 3 f'li'.:i'1:: 

'Yl 1 'llf ~mm'ii' n111~~uu~1 u11'JfiJa'l19lfl.:i 'hrl~ 
0 1V4 I 1v ... 

'U11J1 'lf1JH ft1\Jf11'i '11 omeprazole 1\Jt'l:: 40 
y 

lJf1. 'i111nu clarithromycin 500 1Jf1. i'Ut'l:: 3 f'li'.:i 

111' ~mn1~V114v 'l~ 80% vci1.:i 'h nmlJi1m'if1nm 

flltl'IHY .:i1iJ~ t1rnn tJ'lJf1Ui' f1il1 lVlU BMT 1 

Q.1 ... 1 d' d t \l v ... 
ffIJVl1'11 trn::vnfffJlJ ~'iU omeprazole 40 lJf1./ 

1'Ui11Jn'U amoxicillin 2 nf w1u 'Ul'U 2 -ffiJ~nl'f 

YIU 111j V l'l 'i 1f11 Hfl tl'U tJ .:i llHt'l i f1"" lfl u.:i fi 'U 

I I Q.I Q S) ~ 

(89.8% lrn~ 83%, NS) Ul'lf1t'llJ'l1t'l.:ilJHt'l'tl1.:ilflU.:i • 
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' ' ... .:t • q v _L I"" .:t .ct "" <!! .(21) 
Vll'H:J'tl 1 '\JUl~&m:: regimen &Ufllllfl'lllUNtuuuVlfl'tUJflllVl~l'IHl H. pylon 

Three antimicrobial drugs (Triple Therapy) 

Bismuth$ 120 mg qid 

Metronidazole 0.6-1.5 g/day 

Tetracycline 500 mgqid 

Bismuth$ 120 mg qid 

Metronidazole 1-1 .5 g/day 

Amoxycillin 1.5-2.0 g/day 

Two antimicrobial drugs+ antisecretory drug 

Metronidazole 500 mg tid 

Amoxicillin 750 mg tid 

Ranitidine 300 mg hs 

Clarithromycin 500 mg tid 

Amoxicillin 750 mg tid 

Ranitidine 300 mg hs 

Metronidazole 400 mg tid 

Amoxicillin 500 mg tid 

Omeprazole 40mgOD 

Metronidazole 500mgbid 

Clarithromycin 250 mg bid 

Omeprazole 20 mg bid 

14-15 i''W 

10-14 i''W 

12 i'u 

12 i''W 

6 -a-t1~1i1 

101u 

101u 

6 -a-t1~1i1 

14 i''W 

14 i''W 

89 

84 

89 

86 

90 

88 

$ Oll~'W Bismuth subsalicylate ii1'~l'W1'W 2 I~~ (L~~ri:: 262 llfl.) 1uri:: 4 flf .:i ; Oll~'W Tripotassium 

" dicitrato bismuthate ii1' 120 lJfl. iuri:: 4 fli'.:i 
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.,; • , .., _ 1_ 1.. .,; .,. ... Jt .(33) 
Vll11..'.ifl 2 'UUlV!Utl:: regimen Ufl111fl111UNtlhrnVlflflllfl11VIV!l'IHl H. pylori 

Bismuth Tetracycline Metronidazole Clarithromycin Amoxicillin Omeprazole 

Subsalicylate (T) (M) (C) (A) (0) 

(B) 

2 1~vi 1irn:: 4 500 im. 1u 250 11n. 1u 500 11n. 1u 500 11n. 1u 20 11n. 1irn:: 
Y SI SI II 

l'Hll '11~ -3 '1:: 4 flf -1 '1:: 4 rd' -1 '1:: 'CHl-3'111 fl '1:: 4 flf -1 'fffl-1flf-lrlfllJ ., 
fl 1 '111 ':ill '1:: '11 ~ Hll '111 'l '11 ~ -3fl1 '111 'l 'ffllJflf-3 '11~'3 '11 ~ -3fl1 '111 'l fl1'111'l 

I 

flfllJ'UfllJ 

"' Regimens 1rn::'l::u::nmm'lrniJ1 95% Cls* 

BMT (1 iltJ~11,.f) 86-90 

BMT (2 iltJmti') 88-90 

"'tl o' BMT + omeprazole (1 'ff V11'11) 94-98 

BMA (I iltJvi1i1) 75-81 

BMA (2 iltJvi1tt) 80-86 
>' 

' QI 0 Q,I 4 . . 
*fll 95% Confidence interval 'Ufl-1flm1f11'lf11'1Vll'lffl (erad1cat1on rate) 

,,j 1 .., -LI""' .,J.,. "' JI .(33) 
Vll'Hrn 3 'llUlV!tHl:: regimen Ufl111fl'lflUfHlltJlJVlflflllfl11VIV!l'IHl H. pylon 

Omeprazole ( 0) Metronidazole (M) Clarithromycin (C) Amoxicillin (A) 

I 

flfllJfl1'111'l 

... 
Regimens 1rn::'l::u::nmmnniJ1 95% Cls* 

MOC (I iltlVlltt) 87-91 

AOC (I iltJ~nti') 86-91 

MOA (l-2 iltJ~1,.f) 77-83 
y 

I QI 0 QI .:!:i , , 

*1'11 95% Confidence interval 'Ufl-1flmlfl1rnl'1~WlHJ (eradication rate) 
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.!( 
REGIMENS vu9 

q ,, ,, "' "' ... q 
fll'j l 'IHJ19l1\J ~ n'lfl~l'VHJ.:Jfftl.:19111 lJ fll'j 

JI ,, • 

n 1~ Yll~tlU (lvltl 
1h.i1~U11::~1Jfl11l1'1.:JnHd1ll 

~1u) ~::lii'r·mm1fo\l1~~1 (50-60%) 
1hJ11~:: 

~ I d I \ .J'a 
11J'IHJLY!n9llllL\JU19lfl hfo~rn metronidazole, 

amoxicillin 1rn:: bismuth compounds ~lfifll'j 

ffn1fl'll'fl.:J Bertoni 1rn::flru:: <
35

> ~1if~ll -:wf11 

1h::Yll\J azithromycin (500 lln.11\J, 3 1u) ci1lJ 

... ... ~ · ~ rn.J omeprazole (40 lJ0./1U, 2 ffIJYlll1) 1m:: 

amoxicillin (2 nfo;1u, 2 ff'tlmlf) V11J11iivm1 ,, 
m5n1~vi1<1$t:i~.:iil.:i 91.6% 11ffornliurni'l.Jvnnzjll 

' d\l SJQ.I QI ' QI 

'Vl m 'l.J omeprazole 40 llfi./1 U 11lln 'l.J 

amoxicillin 3 nfll/1\J \Jl\J 2 ff'tlvi1l1'iiv9l11m5 
,, ,, 

0 QI ~ .ct ,,. QI 

fll~ Vll'lf'elll'IU.:J 59. l % (P<0 .001) U1J11'Vl.:J 

ffV.:J n~ JJ ~::ii v mlfl11l11U'Ut:i.:imrn 1 \J ff'tlvi1l1' ~ 

mJYi hl1191n~1.:in1J~mll 

."l ..; v "' 'I .., "' 
lJ ru ·m 't1 't'n.JUi'1:: 'lJ v vt ~nrn.n ',_, m n 0111 m w1 ~ ., 
Ji . 

!'Im H. pylon 
0 QI~ \1' < 0 ,,..., 

mm 1~ YIL'lf t:i 11'1 ffll\J1W ~::'Vl 1ll1'fl9l11 

d :; QI ,, 'J) .ct .ct QI 

fll'j 1tluCJ11m nnrnm~nuu1mu ~n'lfl'H'VW.:11'11 

1~u11M'Nnm5f nm 
1
hlffll1Jn1f m5f n1:11~1u 

,, ' 
1i'.l\Jfl15 ~lv~f:lUl 1viumm::f:l01.:JV.:J metronidazole 

d o q SJ <v QI t 'I ad 
CJ1.:J'Vll 1l1r·mmnmnnY1M Yi.:iirn 1umw'Vll'l'l.J 
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New Drug Monitor 

New Drug Monitor provides an insight into the latest developments in drug 

discovery through brief synopses of recent presentations and publications. 

Angiotensin II receptor antagonists 

Pharmacological approaches to modulate the renm angiotensin system for 
hypertensive therapy have included attempts to inhibit I) release of renin by the kidneys in 
response to a fall in blood pressure; II) conversion of angiotensinogen I by renin; III) 
conversion of angiotensin I to angiotensin II by angiotensin-converting enzyme (ACE). 
Some renin inhibitors have reached clinical trials, but fm1her development has been limited 
by poor bioavailability. Although ACE inhibitors, such as captopril and enalapril, are used 
effectively in the treatment of hypertension and congestive heai1 failure, recent efforts have 
been focused on the development of effective angiotensin II receptor antagonists. Such agents 
would be more specific as inhibitors of the renin-angiotensin system than are ACE inhibitors, 
and would inhibit the action of angiotensin II produced via ACE-independent pathways. 

The potential benefit of angiotensin II antagonists has been demonstrated using the 
peptide saralasin, which is specific angiotensin II inhibitor. However, the poor bioavailability 
of this agent has driven a search for orally active nonpeptide compounds. In consequence, 
losa11an was recently marketed for the treatment of hypertension. However, this compound is 
selective only for one of the two major subtypes of angiotensin II receptor (AT1) • Although 
AT1 receptors are known to mediate most of the physiological effects of angiotensin II, the 
effects of the raised levels of circulating angiotensin II observed on administration of AT1 -

specific inhibitors on the other receptor are unknown. Recent research has therefore focused 
on the identification of orally active angiotensin II antagonists that exhibit potent and equal 
affinity for both receptor subtypes. Some of these new drugs are: 

I. The agents based on the modification of the trisubstituted 1,2,4-triazolinone biphenyl­
sulphonamides. These compounds showed subnanomolar potency at both the AT1 

(rabbit aorta) and AT2 (rat midbrain) receptors and was orally active at a dose of 3 mg/kg. 
(Chang and coworkers. J.Med Chem 1995;38:3741-3758) 

2. A series of 5-[[ 1-(4'-carboxybenzyl)-imidazolyl] methylidene] hydantoins. These 
compounds reduced the mean a11erial blood pressure of renal hype11ensive rats by 40% at 
30 mg/kg and by 25% at I 0 mg/kg. ( Edmunds and coworkers. J Med Chem 1995; 
38:3759-3771) 

SS 
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3. A novel series ofbenzimidazole-7-carboxylic acid bearing a 5-oxo-1,2,4-oxadiazole ring as 
an acidic bio-isosteric replacement for the tetrazole group. The structure-activity 
relationships of the benzimidazole derivatives bearing the 5-oxo-1,2,4-oxadiazole group 
were found to be similar to those of the tetrazole derivative. However, .These compounds 
were found to have improved oral bioavailability in comparison to the original tetrazole 
compounds. (Kohara and coworkers. Bioorg Med Chem Lett 1995; 5: 1903-1908) 

4. The replacement of the imidazole group of losa11an with 1,2,3,4-tetrahydro-2,4- pyrimi­
dinedione (uracil). (Dorsch et al, Bioorg Med Chem Lett 1995;5: 2071-2076) 

5. Modification of the N-3nitrogen with a N,N-dimethyl-acetamide residue afforded a 
compound with enhanced affinity at the AT1 receptor. The studies showed these 
compounds were particularly potent orally active angiotensin II antagonists in animal 
models. ( Dina and coworkers. Abstract presentation (Medi 063) at the ACS Fall Meeting 
1995, Chicago, USA) 

Pravit Akaraseree11011t 

Department of Pharmacology, 
Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok 11000, 
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