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Hyperhomocysteinemia and Genetic Polymorphisms 
of Methylenetetrahydrofolate Reductase in Acute 

Treated with Lymphoblastic Leukemia Children 
High Dose Methotrexate 

Tiparat Oungsaku11, Pornpen Pramyothin1
·, Suradej Hong-ing2 

1 Department of Pharmacology, Faculty of Pharmaceutical Sciences, Chulalongkom University 
1 Department of Pediatrics, Bone Marrow Transplant Program, Ramathibodi Hospital, Mah idol 
University 

Abstract 

5, I 0-Methylenetetrahydrofolate reductase (MTHFR) is a key enzyme involved in DNA 
methylation and synthesis. MTHFR has two common polymorphisms (C677T and A 1298C), 
both with reduced enzyme activity and may impair remethylation of homocysteine (Hey) to 
methionine resulting in hyperhomocysteinemia. Remethylation of Hey to methionine and 
DNA methylation are also affected by methotrexate (MTX) treatment. A combined effect of 
MTX and reduced MTHFR activity by genetic polymorphisms may lead to the elevation of 
total Hey (tHcy). The objective of this study was to examine the correlation between the 
MTHFR genotype and tHcy in children with acute lymphoblastic leukemia (ALL) receiving 
high dose MTX (HDMTX). Genotyping of MTHFR was detected by polymerase chain 
reaction/restriction fragment length polymorphism (PCR/RFLP) method. tHcy was detected 
by high performance liquid chromatography (HPLC) technique. Our data indicated that after 
ALL patients treated with HDMTX, tHcy was significantly higher than basal line. The 
combination of both homozygous mutant alleles (677T/T + 1298C/C) and homozygous plus 
heterozygous mutant alleles (677T/T + 1298A/C and 677CIT + 1298C/C) were undetected in 
Thai population studied. The MTHFR polymorphisms may affect the tHcy after MTX 
treatment (tHcy PMT) especially in the combined heterozygosity (677C/T + 1298A/C) which 
presented the highest value of tHcy PMT. Therefore the tHcy PMT may be used as a marker 
for the detection of MTX cytotoxicity in ALL children treated with HDMTX. 

Key words : hyperhomocysteinemia, methylenetetrahydrofolate reductase, methotrexate, 
acute lymphoblastic leukemia 

* Address correspondence and print requests to: Pornpen Pramyothin, Department of 
Pharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 
I 0330, Thailand. 
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Introduction 

Methotrexate (MTX) is an antifolate 
chemotherapeutic drug. It plays a central 
role in the treatment of acute lymphobl~stic 
leukemia (ALL). The prognosis of ALL has 
improved with intensive chemotherapy. 
High dose of MTX (> 1 g/m2

) is required 
for the effective treatment in ALL patients 1

• 

Its principal phrumacological mechanism is 
the inhibition of enzymes involved in folate 
homeostasis resulting in cellular depletion 
of reduced folates . The 5, 10-methylene­
tetrahydrofolate reductase (MTHFR) is a 
key enzyme in the generation of bioactive 
folate compounds2

•
3

• Despite MTX 
clinical success, the major factor limiting 
its use is its to.xicity. The prolonged 
administration of MTX can lead to several 
toxicities such as gastrointestinal symptoms, 
hepatitis, alopecia, hypersensitivity, 
pneumonitis and a serious complication of 
neurotoxicity which is thought to cause by 
the elevation of serum homocysteine or 
hyperhomocysteinemia2

•
5

. 111e pathogenesis of 
neurotoxicity remains unclear. It is possible 
that polymorphic enzymes involved in 
folate metabolism may be related to these 
neurotoxic effects especially MTHFR. 
MTHFR catalyzes the reduction of 5, 10-
methylenetetrahydrofolate (5, I 0-MTHF) to 
5-methyltetrahydrofolate (5-MeTHF) 
which is the predominant circulating form 
of folate and carbon donor for the 
remethylation of homocysteine to 
methionine. 

The common point mutation firstly 
identified polymorphism of the MTHFR 
gene found by Frosst et al, 1995 13 is a 
677C~ T which converts an alanine to a 
valine. The variant Tfr genotype has 
about 30% of wild type (677C/C) activity 
and presents in about I 0% of white and 
Asian populations. Heterozygote 677C/T has 
about 60% activity and constitutes 
approximately 40% of the population 6

.7. 

Homozygotes (677Tfr) are predisposed to 
hyperhomocysteinemia by the decrease in 
MTHFR activity, particularly in the 
context of suboptimal folate status. The 
second common polymorphism in the 
MTHFR gene is a 1298 A~C resulting in a 
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glutamate to an alanine conversion. This 
polymorphism is associated with decreased 
enzymatic activity8 elevated homocysteine 
(Hey) concentration, ru1d decreased folate 
concentration in plasma 9• 

Plasma homocysteine concentration, a 
representative mru·ker of intracellular folate 
status 5

•
10 may be associated with the 

MTHFR polymorphisms. There are some 
studies reported the association between 
C677T polymorphism and toxicity of 
MTX 1.11.12 'ti r. d 'b' I wt 1 a iew escn mg t 1e 
relationship of both C677T and A1298C 
polymorphisms with MTX toxicity 3• 

111is study aimed to evaluate the 
relationship between MTHFR poly­
morphisms and the elevation of plasma 
homocysteine concentration in ALL Thai 
children receiving high dose of MTX. 

Patients and Methods 

Subjects 

Twenty nine children with ALL 
treated with MTX are participated in this 
study. 

Inclusion criteria 

All children with ALL received 
MTX given as high dose by intravenous 
injection according to their body mass 
index (BMI). 

Exclusion criteria 

- Patients receiving drugs that 
interfere with folate metabolic pathways 
such as antiepileptic drugs, nitrous oxide, 
theophylline, D-penicillamine and 
sulfazalazine. 

Patients diagnosed with renal or 
hepatic impairments. 

Sample preparations 

ALL patients received high dose 
methotrexate (HDMTX) at 5 gin/ or 2 
g/m2 or 1.5 g/m2 according to the high risk 
or standard risk or low risk groups. Blood 
was collected in EDTA tube before 
HDMTX infusion and immediately after 
stopped HDMTX in each case. 
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Blood sampling 

Two milliliters of whole blood was 
collected by venipuncture into a Vacutainer 
Tube containing EDTA, cooled on ice, and 
centrifuged at 3000 g for l 0 min. After 
centrifugation, plasma was separated and 
kept frozen at -20°C until analysis. 

Isolation of genomic DNA 

DNA was extracted from whole 
blood. Genomic DNA was isolated using 
the DNA Blood Mini Kit. 

PCR amplification and MTIIFR 
polymorphism detection 

The polymerase chain reac­
tion/restriction fragment length polymo1phism 
(PCR/ RFLP) method was used for the 
determination of MTHFR genotype. The 
MTHFR 677C----> T mutation was analyzed 
according to the method of Frosst et al, 
1995 13 

Agarose Gel Electrophoresis 

The restriction digest products were 
separated on 4% agarose gel and stained 
by ethidium bromide. The running 
condition is 100 volts for I h. The gel is 
then visualized under UV visible light. 

Tiparat Oungsakul 

Homocysteine Assay 

Homocysteine was measured by a 
high performance liquid chromatography 
(HPLC) method and detected by 
fluorescence detector. 

Statistical analysis 

Plasma tHcy values were presented 
as mean ± standard deviation. A paired t­
test was used to evaluate the difference in 
plasma tHcy between before and after 
MTX treatment. The /-test for the C677T 
and Al298C mutant genotype compared with 
each wild type genotype was used to 
determine whether there were any significant 
differences in tHcy concentration. 111e 
col1'elation between genotype and tHcy 
concentration were tested by one-way 
ANOV A. p < 0.05 was considered 
statistically different. Statistics were 
computed with SPSS for Windows. 

Results 

tHcy concentration and MTHFR 
polymorphisms 

From 29 ALL children, 17 were 
male (58.6%), 12 were female (41.4%). 
The mean age was 8.08 years ranging 
from 2 to 14 years (Table I). 

Table 1. Characteristics of ALL children. 

Characteristic 

All subjects 

Sex 

Male 

Female 

Age (mean± S.D.) 

No(%) 

29 (100) 

17 (58.6) 

12 (41.4) 

8.08 ± 3.78 
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Table 2. Doses ofMTX used and tHcy both in BMT and PMT of29 patients. 

Dose ofMTX No(%) 

1.5 g/m2 14 (48.3) 

2.0 g/m2 12 (41.4) 

5.0 g/m2 3 (10.3) 

tHcyBMT 

µM(±S.D.) 

4.37 (± l.69) 

5 .11 (± l.60) 

4.21 (± 0.64) 

tHcyPMT 

µM(±S.D.) 

8.11 (± 2.87) a 

10.19 (± 4.18)" 

8.92 (± 0.24) 3 

175 

a significant difference (p < 0.05, paired t-test) for tHcy BMT versus tHcy PMT from the 
same MTX dose 
BMT = before methotrexate treatment; PMT = post methotrexate treatment 

Table 3. MI'HFR C677T genotype distribution and tHcy both in BMT and PMT of ALL 
children. 

MTHFR genotype No(%) 

677C/C 20 (69) 

677C/T 8 (27.6) 

677T/T 1 (3 .4) 

tHcyBMT 

µM(±S.D.) 

4.70 (± 1.43) 

4.79 (± l.98) 

2.68 (± 0.0) 

tHcyPMT 

µM (± S.D.) 

8.45 (± 3.16)3 

10.40 (± 4.04) 3 

6.39 (± 0.0) 

a significant difference (p < 0.05, paired /-test) for tHcy BMT versus tHcy PMT from the 
same genotype 

Table 4. MI'HFRA1298C genotype distribution and tHcy both in BMT and PMT of ALL 
children. 

MTHFR genotype No(%) 

1298A/A 17 (58.6) 

1298A/C 9 (31.0) 

1298C/C 3 (10.3) 

tHcyBMT 

µM(±S.D.) 

4.24 (± 1.09) 

5.65 (± 2.10) 

4.07 (± l.31) 

tHcyPMT 

µM(±S.D.) 

8.33 (± 3 .02) a 

10.82 (± 3.97) 3 

8.92 (± 3 .45) a 

a significant difference (p < 0.05, paired t-test) for tHcy BMT versus tHcy PMT from the 
same genotype 
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Table 5. MTHFR C677T plus A I 298C genotype distribution and tHcy both in BMT and PMT 
of ALL children. 

tHcyBMT tHcyPMT 
MTHFR genotype No(%) 

µM(±S.D.) µM(±S.D.) 

677C/C + l 298A/ A 11 (37.9) 4.62 (± 1.06) 7 .93 (± 2.06) 3 

677C/C + 1298A/C 6 (20.7) 5.17 (± 2.08) I 0.38 (± 4.59) a 

677C/C + 1298C/C 3(10.3) 4.07(± l.31) 6.48 (± 1.64) 3 

677Cff + 1298A/A 5 (17.2) 3.71 (±0.75) 9.62 (± 4.72) 3 

677Cff + 1298A/C 3(10.3) 6.59 (± 2.20) 11.71(±2.92) 3 

677Cff + 1298C/C 0 (0) 

677Tff + 1298A/A 1 (3.4) 2.68 (± 0.00) 6.39 (± 0.00) 

677Tff + l 298A/C 0 (0) 

677Tff + I 298C/C 0 (0) 

a significant difference (p < 0.05, paired :-test) for tHcy BMT versus tHcy PMT from the 
same genotype 

M TIT CIT CIC 

C677T alleles 

.. 198 bp 

.. 175 bp 

Figure 1. After Hinfl digestion, the 198 base-pair (bp) PCR amplification product of the 
677C/C genotype remains undigested, whereas the 677Tff genotype results in 23 
and 175 bp fragments. The 677C/C genotype is defined by the presence of a single 
198 bp band, the 677Tff genotype is defined by a single 175 bp band, and 677Cff 
genotype defined by the presence of both 175 and 198 bp bands. Summary of 
informative bands: 677C/C (wild type): single 198 bp band; 677Cff (heterozygous): 
198 and 175 bp bands; 677Tff (homozygous variant): 175 bp band. Lanel (M): the 
molecular weight markers. 
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A 1298C alleles M AJA CIC AIC 

100 hp 
... 

Figure 2. After Mboll digestion, the l 298A/ A genotype is defined by the presence of a 
single 72 base-pair (bp) band, 1298C/C genotype defined by the presence of a 
single 100 bp band, and the 1298A/C genotype defined by the presence of both 72 
and 100 bp bands. Summary of informative bands: 1298A/A (wild type): single 72 
bp band; 1298A/C (heterozygous): 72 and 100 bp bands; 1298C/C (homozygous 
variant): l 00 bp band. Lane l (M): the molecular weight markers .. 

The polymorphisms of MTHFR 
genotype and plasma tHcy concentration 
before methotrexate treatment (BMT) and 
immediately post methotrexate treatment 
(PMT) in 29 ALL children who received 
HDMTX therapy were determined. The 
mean tHcy BMT and the mean PMT 
increased in the combined population of 
29 individuals classified according to the 
dosage of MTX (Table 2), C677T (Table 
3), Al 298C (Table 4) and combined 
genotypes (Table 5), the frequency of each 
genotype is also shown in Tables. 

Fourteen patients (48.3%) received 
1.5 g/m2

, 12 (41.4%) received 2.0 g/m2 

and 3 (10.3%) received 5.0 g/m2 of MTX. 
There was a significant increase in plasma 
tHcy PMT at the dose of 1.5, 2.0, and 5.0 
g/m2 when compared with BMT from the 
same doses (p< 0.05) with no significant 
difference of tHcy BMT among this 
dosage range (l.5-5.0 g/m2

) (Table 2). Of 
the 29 individuals, 20 (69%) were 
homozygous 677C/C (wild type), 8 
(27.6%) were heterozygous 677C/T and l 

(3.4%) was homozygous 677T/T alle les. 
There was a significant increased plasma 
tHcy PMT compared with BMT from the 
same genotype. Individua l with the 
677T/T was omitted from the statistical 
analysis of both BMT and PMT due to 
small sample size of only one patient. 
There were no significant differences of 
tHcy BMT compared between genotype 
(Table 3). 

With respect to the Al298C 
polymorphism, 17 individuals were 
1298A/A (wild type), 9 were 1298A/C 
(heterozygous genotype) and 3 were 
1298C/C (variant homozygous genotype). 
There was a significant increased plasma 
tHcy PMT compared \Vith BMT from the 
same genotype (p<0.05) with no 
s ign ificant differences of tHcy BMT 
compared between genotype (Table 4). 
Regarding the two common MTHFR 
polymorphisms, we can detect six from 
nine combined genotypes. There were no 
individuals with combination of 677T/T 
plus I 298C/C, 677C/T plus l 298C/C and 
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677Tff plus 1298A/C genotypes. There 
was a significantly increased plasma tHcy 
PMT compared with BMT from the same 
genotype (p < 0.05) with no significant 
differences of tHcy BMT compared 
between these genotypes (Table 5). 

In this study, there was no 
occurrence of seizures among patients 
with MTHFR C677T and Al298C 
polymorphisms and . there were no 
significant differences in the prevalence of 
different genotypes associated with the 
elevation of plasma tHcy concentration 
when receiving HDMTX. Figures 1 and 2 
showed the PCR products of C677T and 
Al 298C genotype polymorphisms, 
respectively. 

Discussion and Conclusion 

We found that in ALL patients, 
after MTX infusion, plasma Hey levels 
were markedly increased and significantly 
higher than basal leyels same as 
previously reported by Kishi el al,20033

• It 
is reasonable to hypothesize that elevated 
Hey caused by MTX could be a marker in 
ALL children for MTX cytotoxicity, 
wh ich may be affected by MTHFR 
polymorphisms. 

Two MTHFR polymorphisms were 
studied in the present investigation. The 
first C677T polymorphism consisted of 3 
genotypes, the 677C/C (wild type), 
677Cff (heterozygous) and 677Tff 
(homozygous) with the frequency of 
mutant alleles around 30% similar to the 
rep011 found in Japanese and European 
Caucasians 14

• The 677Tff was found only 
in one patient. Since the tHcy after MTX 
treatment did not differ in this patient, like 
~reviously reported by Hanson el al, 2001 
5
, the C677T polymorphism may not 

affect the tHcy concentration. 
The second studied MTHFR 

polymorphism was the Al298C. The 
frequency of 1298A/A (wild type) was 
arou nd 60% together with 40% of the 
mutant alleles of J 298A/C (heterozygous) 
and 1298C/C (homozygous) which were 
higher than those reported by Carmel el al, 
2003 14

• The presence of this mutant allele 

Tiparat Oungsaku/ 

may not associate with tHcy in patient 
treated with HDMTX as shown by no 
differences in tHcy PMT among the above 
genotypes. Several studies reported that 
this mutant allele is not a significant risk 
factor for neural tube defects 8

•
9 coronary 

artery disease (CAD) and deep vem 
thrombosis (DVT) 15

• 

With .respect to C677T and 
Al298C polymorphisms, we found six of 
the nine combined genotypes presented in 
our study. Three missing combinations 
were 677T/T plus l 298C/C genotype 
which has also been undetected by other 
studies 15

•
16

•
17 677T/T plus I 298A/C 

genotype (found only I by Weisberg el al, 
19989

) and 677C/T plus l 298C/C 
genotype (found only 2 by Hanson el al, 
2001 15

). Although, there is no significant 
difference in tHcy in individuals with the 
677Cff plus I 298A/C genotype compared 
to wild type (677C/C plus 1298A/A 
genotype), this combined heterozygosity 
showed the highest tHcy PMT among all 
combined genotypes. 

In conclusions, tHcy PMT may be 
used as a marker for MTX cytotoxicity in 
ALL children treated with HDMTX. The 
MTHFR polymorphisms may affect the 
tHcy PMT especially in combined 
heterozygosity (677Cff plus 1298A/C). 
The homozygous of both MTHFR 
polymorphisms (677Tff plus 1298C/C) 
and one homozygous combined with 
heterozygous of mutant alleles (677Tff 
plus 1298A/C; 677Cff plus 1298C/C) are 
undetected in Thai population by our 
study. Number of patients should be 
increased to confirm the association of 
MTHFR polymorphisms with tHcy level 
in HDMTX treatment. 
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Neutralization of Naja kaouthia Venom in Mice by 
Trigonostmon reidioides Craib. and Areca catechu 
Linn. Extracts. 
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1 Pharmacological Action of Natural Products Research U11it, Depart111e11t of Phar111acology, Faculty 
of Pharmaceutical Sciences, Chula!ongkorn U11iversity. 
2 Research a11d Deve/op111ent Depart111ent, Queen Saovabha Memorial Institute, Thai Red Cross 
Society, Bangkok 

Abstract 

This study was aimed to investigate the inhibitmy effects of Trigo11ostemo11 reidioides 
Craib. and Areca catechu Linn. on lethality and myotoxicity of Naja kaouthia venom in mice. 
In neutralization study, filtrate of water extracts from each plant or mixed-plants was pre­
incubated with N. kaouthia venom at 37°C, l h prior to intramuscular i1tjection. Water 
extracts from A. calechu or mixed-plants showed neutralization activity. A. catechu extract at 
dose 0.2 mg/mouse completely protected mice receiving the LD 100 dose (8 µg/mouse) of N. 
kaouthia venom. Mixed-plant extract (T. reidioides: A. catec/111) at a dose ratio of 2.4:0.8 
mg/mouse prolonged the survival time of mice receiving LD 100 of venom. It increased % 
survival of mice from 0% to 66.67%. The extract of T. reidioides did not have the 
neutralization activity. 

In anti-lethal activity study, only the unfiltered water extract of mixed-plants (T. 
reidioides: A. calechu) at a dose ratio of 1.2:0.4 mg/mouse increased survival of mice from 
6.25% to 31.25%, when given I h prior to the venom injection. It also decreased creatine 
phosphokinase (CPK) activity induced by N. kaouthia venom (4 µg/mouse) from 2,632 ± 498 
units/L to 585 ± 139 units/L. In conclusions, preparation of T. reidioides and A. catechu 
could inhibit lethality and myotoxicity of N. kaouthia venom. 

Key words : Naja kaouthai venom, Trigonostemon reidioides Craib., Areca catechu Linn., 
neutralization, anti-lethal activity 

* Address cmTespondence and print requests to: Pornpen Pramyothin, Department of Pharmacology, 
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330, Thailand. 
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Introduction 

Snakebite is - one of the most 
important public health problems of 
tropical countries including Thailand. 
Approximately 7,000 cases of snakebite 
are rep011ed annually. The actual number 
of bites may be much higher with many 
unreported events. The cobra, Naja 
kaouthia is a common poisonous snake 
found throughout Thailand. It is once an 
imp011ant cause of death. The cobra is 
considered very dangerous and its venom 
produces systemic poisoning due to rapid 
action of neurotoxin causing respiratory 
paralysis and death. The toxin composes 
of neurotoxin, cardiotoxins, enzymes and 
proteins 1• In addition to the respiratory 
crisis, local reaction of the bitten site is 
also a serious problem. Though not life 
threatening, the local reaction may prolong 
the duration of hospitalization and it may 
increase morbidity in some cases ~ . 

The combined preparation of root of 
Lot Thanong Daeng (Trigonostemon 
reidioides Craib.) and Mak seed (Areca 
catechu Linn.) has been used against 
snakebite by folk healers and physicians at 
Kabchoeng Hospital in Surin province for 
many years. However, their actions 
against snakebite are still unclear. Water 
extract from root of Lot Thanong Daeng 
has been repo11ed to prolong survival time 
of snake envenomation in mice 3. 

Chemical constituents in Lot 
Thanong Daeng root are a mixture of 
steroid palmitate (f3-sitosteryl palmitate, 
stigmasteryl palmitate, campesteryl 
palmitate and cholesteryl palmitate), a 
mixture of long chain acid (CwC35), a 
mixture of steroid (f3-sitosterol, 
stigmasterol and campesterol), acetyl 
alemitolic acid, trigonostemone ( 1, 1, 7-
t rime thy l - 3 , 6 , 9 - trim et ho x y - 2 -
phenanthrenone ), 5-hydroxy-6, 7-
dimethoxycoumarin, 5, 7-dihydroxy-6-
methoxy coumarin, a mixture of long 
chain amide (C44-C4s), a mixture of steroid 
glycoside, 5a-stigmastane-3,6-dione and 
water soluble constituents such as sugars, 
amino acids and chloride salts4. 
Sitosterol and stigmasterol have been 
reported to have anti-snake venom 
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activity. They are able to neutralize the 
lethal dose of South American rattlesnake 
venom5 and inhibit myotoxicity of crotalid 
venoms6

. 

A. catechu Linn. (Palmaceae) is 
commonly 'known as Areca Palm Betel 

, ' 
Palm, Betel Nut Palm, and locally known 
in Thai as Mak or Makmia. Its nuts 
contain alkaloids namely, arecoline, 
arecaine, arecaidine, guvacoline, guvacine, 
and traces of choline. Tannins, gallic acid, 
gum, oily matter, and a number of amino 
acids are also among the constituents 
found7

. Recently, Ruenraroengsak, 20028 

reported that the seed of A. catechu 
contains high tannin contents. It contains 
both hydrolysable and condensed tannins. 
These tannins could inhibit lethal activity 
of snake venom in mice, inhibit 
acetylcholinesterase activity and protect 
necrosis in rats. 

Therefore, we aimed to 
investigate the inhibitory effects of 
preparation from root of Lot Thanong 
Daeng and Mak seed on lethality and 
myotoxicity of N.. kaouthia venom in 
mice. This research study has been 
ethically approved ·by the Ethical Committee 
on Animal and Human Research Studies 
Faculty of Pharmaceutical Sciences' 
Chulalongkorn University. ' 

Materials and Methods 

Venom 

Lyophilized N. kaouthia venom was 
obtained from Queen Saovabha Memorial 
Institute, Thai Red Cross Society, and was 
preserved at 2-8°C. It was dissolved in 
0.9% saline and was frozen until used. 
Venom concentration was expressed in 
terms of dry weight. 

Plants 

The roots of Lot Thanong Daeng 
and dry Mak seeds were brought from 
Kabchoeng Hospital. The voucher 
specimens were identified by the Faculty 
of Pharmacy, Mahidol University. Both 
of them were ground into small pieces 
and made into powder. These powders were 
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kept in desiccators at room temperature 
until use. 

Animals 

Male Swiss albino mice weighed 
18-20 g were obtained from National 
Laborat01y Atiimal Center, Mahidol 
University, Salaya, Nakornpathom pro­
vince. They were housed in animal care 
facility at the Faculty of Pharmaceutical 
Sciences, Chulalongkorn University under 
controlled environmental conditions (room 
temperature 25± I °C with 12-hours light/dark 
cycle, relative- ·humidity of approximately 
60%) with free standard mouse pellets and 
tap water. Mice were acclimatized for 3 
days before experimentation. 

Median lethal dose (LD50) 

Median lethal dose (LD50) was 
defined as the least amount of venom (µg 
d1y weight) injected intramuscularly to 
animals and resulted in 50% death within 
24 h. The venom solution with the doses 
of 3-12 µg/mouse were prepared in 0.9% 
saline. Venom solution was injected 
intramuscularly at the volume of 0.1 ml to 
each mouse. Eight mice were used for 
each test dose. Control animals were 
injected with 0.9% saline only. The 
percent death of animals was recorded 
within 24 h after the injection. The LD50 

was calculated by probit analysis. 

Neutralization of lethal venom 
effect 

The powder of mixed-plants (T. 
reidioides I .5 g: A. catechu 0.5 g) was 
dissolved with 50 ml distilled water. The 
solution was stirred for 5 min and filtered. 
The lethal dose (LDioo) of N kaouthia 
venom (8 µg/mouse) was pre-incubated 
with 0.02 ml, 0.04 ml and 0.08 ml of the 
mixed-plants filtrate in 0.9% saline to final 
volume of 0.1 ml, at 37°C for I h. The pre­
incubated solution of 0.1 ml was injected 
intramuscularly to left thigh of mice. The 
doses of mixed-plants (T. reidioides: A. 
catechu) were 0.6:0.2, 1.2:0.4 and 2.4:0.8 
mg/mouse calculated as crnde plant. The 
single plant were also tested using either 
powder of T. reidioides ( 1.5 g) or A. 

Anmrat Srithamma 

catechu (0.5 g), each powder was 
dissolved with 50 ml distilled water and 
filtered. The 0.02 ml filtrated of each plant 
was pre-incubated with N. kaouthia venom (8 
µg/mouse) in 0.9% saline to final volume of 
0.1 ml. at 37°C for 1 h. The percent survival 
was recorded within 24 h. Control group 
was pre-incubated only with snake venom 
and 0.9% saline to a final volume ofO.l ml. 
Six mice were used in each group. 

Inhibition of lethal venom effect 

The mixed-plants powder (T.reidioides 
0.15 g +A. catechu 0.05 g) was suspended in 
50 ml distilled water and stirred for 5 min 
before use. Mice were starved 4 h before 
starting the experiment. Group I was fed 
with 0.2 ml mixed-plants solution. One 
hour after feeding, the N. kaouthia venom 
(6 µg /mouse) was injected intramuscularly 
to left thigh of mice. Group 2 wa~ fed with 
same dose (0 .2 ml) of mixed-plants 
solution and repeated again 30 min after 
the first feeding. Venom was injected 
intramuscularly 30 min after the second 
feeding. Mice were allowed to access to 
food after venom injection. The percent 
survival was recorded within 24 h. Control 
group was fed with distilled water and the 
venom was injected at I h after feed ing. 
Sixteen mice were used in each group. 

Inhibition of myotoxicity effect 

Inhibition of myotoxic effect of 
venom was measured by quantitation of 
plasma creatine phosphokinase (CPK) 
activity as described previously by 
Mukherjee and Maity, 20029

• The mixed­
plants powder (T.reidioides 0.15 g + A. 
catechu 0.05 g) was suspended in 50 ml 
distilled water and stirred for 5 min. Mice 
were starved 4 h before feed ing with 0.2 
ml mixed-plants solution. The sublethal 
dose of N. kaouthia venom was prepared 
in 0.9% saline solution at a final 
concentration of 4 µg/mouse in 0.1 ml. 
Venom (0.1 ml) was injected intramuscularly 
I h after feeding. Control mice were 
injected with venom alone. Mice were 
sacrificed under ether anesthesia 4 h after 
venom injection. Blood sample was 
collected from inferior vena cava and 
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centrifuged at 3,000 rpm for 10 min. 
Plasma was assayed for creatine 
phosphokinase (CPK) activity by 

one-way ANOV A followed by Tamhane's 
T2. Values of p<0.05 were considered to 
indicate a significant difference. 

Professional Laboratory. Six mice were 
used in each group. Results 

Statistical analysis Body weight and feed intake 

Data are expressed as mean ± S.E. 
Statistical significance was assessed by 

Lethality data of N. kaouthia venom 
are shown in Table I. Median lethal 
dose (LD50) was 5.71 µg/mouse as 
calculated by probit analysis (Figure I) 

Table 1 The percent death of mice receiving various doses of N. kaouthia venom 

Dose (µg/mouse) 
5.0 
5.5 
6.0 
6.5 
7.0 

Dead animal/total 
2/8 
3/8 
4/8 
7/8 
7/8 

Probit Analysis 

£ y = 6.0689Ln(x) - 5.5698 
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Figure 1 Probit analysis for median lethal dose (LD50) of N. kaouthia venom 
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Neutralization of lethality 

N. kaouthia venom at dose 8 µg/mouse 
produced 100% death of mice. The water 
extracts of A. catechu alone and mixed­
plants showed neutralization of N. 
kaouthia venom. The extract of A. catechu 

Anmrat Srithamma 

alone at dose 0.2 mg/mouse exhibited 
100% protection of mice from the lethal 
dose of N. kaouthia venom. The percent 
survival was increased and the survival 
time was prolonged in mice receiving 
mixed-plants pre-incubated with venom 
(Table 2). 

Table 2 The percent survival and survival time of mice injected with pre-incubated plant 
extracts and N. kaouthia venom 

Treatment groups 
Survival 

% Survival 
mice /total 

Survival time (min) 
mean± S.E. 

Control 0/6 
Mixed-plants (0.6:0.2 mg/mouse) 4/6 
Mixed-plants (1 .2:0.4 mg/mouse) 4/6 
Mixed-plants (2.4:0.8 mg/mouse) 4/6 
T. redioides 0.6 mg/mouse 0/6 
A.catechu 0.2 mg/mouse 6/6 

*Significantly different from control,p< 0.05. 

0 
66.67 
66.67 
66.67 

0 
100 

106 ± 6.76 
1,003 ± 276.26 
1,038 ± 254.92 
1,145 ± 192.34 * 

88 ± 6.44 
1,440 ± 0.00 * 

Data of survival time was calculated from all mice (died and survived mice). 
For survived mice the survival time was calculated from 24 h (1,440 min). 

Inhibition of lethality 

The water extract of mixed-plants 
(T. reidioides: A. catechu) increased percent 
survival of mice fed I h before injection of 
N. kaouthia venom. The dose of N. kaouthia 
venom at 6 µg/mouse did not produce 100% 

death. The water extract of T.reidioides: 
A.catechu at dose 0.6:0.2 mg/mouse 
increased percent survival from 6.25% to 
18.75% and at dose 1.2:0.4 mg/mouse 
increased percent survival to 31.25% 
(Table 3). 

Table 3 The percent survival of mice feeding with plant extracts I h before injection of 
snake venom 

Treatment groups 

Control 
T.reidioides + A.catechu 
(0.6:0.2 mg/mouse) 
T.reidioides + A.catechu 
(1.2:0.4 mg/mouse) 

Survival mice/total 

1/16 
3/16 

5/16 

% Survival 

6.25 
18.75 

31.25 

Survival time (min) 
mean± SE 
172 ± 84.68 
401±130.35 

531 ±·158.38 

Data of survival time was calculated from all mice (died and survived mice). 
For survived mice the survival time was calculated from 24 h (1,440 min). 

Inhibition of myotoxicity effect 

Injection of N. kaouthia venom 
induced myonecrosis as measured by 
plasma CPK activity which increased from 
102 ± 2.63 units/Lin normal mice (untreated 

control) to 2,632 ± 498.64 units/L (venom 
injected mice). The water extract of T. 
reidioides and A. catechu at the dose of 
0.6:0.2 mg/mouse fed two times significantly 
decreased the CPK activity (Table 4). 

' 
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Table 4 Inhibition of myotoxicity by plant extracts (n= 6) 

Gt'Oups 

Normal untreated mice 
Control (venom injected mice) 
Treidioides + A.catec/111 
(0.6:0.2 mg/mouse) 
Treidioides + A.catechu 
(0.6:0.2 mg/mouse) 
feeding two times 

CPK (units/L) 
Mean±S.E. 
102 ± 2.63 

2,632 ± 498.64 
1,729 ± 607.36 

585 ± 139.38* 

% Inhibition 

0 
34.31 

77.77 

* Significant different from control, p <0.05. 

Discussion and Conclusions 

The water extract of Mak seed (A. 
catec/111 Linn.) significantly neutralized 
lethal dose of N kaouthia venom when 
pre-incubated with snake venom before 
injected intramuscularly to mice. All mice 
in this group survived, whereas all control 
mice died. In the same way, extracts of 
mixed-plants (T reidioides and A. 
catec/111) also neutralized lethal dose of N 
kaouthia venom. Four mice survived from 
total of six mice. When increasing dose of 
mixed-plants extract survival time of mice 
also increased. On the other hand, the 
extract of T reidioides alone did not 
neutralized N kaouthia venom, all mice in 
this group died and survival time did not 
differ from control. Therefore, the 
neutralization of N kaouthia venom may 
be the effect of A. catechu only. However, 
effect of A. catechu presented in mixed­
plants extract had the lesser activity than 
extract from A. catechu alone. This result 
may be related to pH of the extracts and/or 
the tannin content in the A. catechu. 
Extract of A. catechu had higher pH than 
extract mixed with T reidioides. When 
increased dose of mixed-plants extract the 
capacity of neutralization of snake venom 
was also increased, so it seems to be dose 
dependent. This result was similar to 
previous study repo1ted by Ruen­
raroengsak, 2002 8• 

The water extract of mixed-plants 
increased percent survival of mice when 
administered orally 1 h before 
envenomation. Inhibition of lethal activity 

by mixed-plant extract seems to be dose 
dependent. In addition, this water extract 
also inhibited myotoxicity as shown by the 
decrease in plasma creatine phosphokinase 
(CPK) activity induced by envenomation. 

In conclusions, the preparation of T 
reidioides and A. catechu could inhibit 
lethality and myotoxicity of N kaouthia 
venom in mice. The results of this 
investigation provides scientific support 
for the use of preparation from T 
reidioides and A. catechu in treating 
snakebite patients as previously described 
by folk healer and doctor at Kabchoeng 
Hospital, Surin Province. 
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RESEARCH ARTICLES 

Bioequivalence Study of the Generic l\1eloxicam 
(Melox®) Compared with the Innovator Mobic®. 

Panawan Thummati, Boonyium Kumsorn and Noppamas Rojanasthien 

Division of Clinical Pharmacology, Department of Pharmacology, Faculty of Medicine, Chiang Mai 
University. 

Abstract 

The bioequivalence of two brands of 7 .5 mg meloxicam were demonstrated in healthy 
volunteers after a single oral dose in a randomized 2-period crossover study. The reference 
and the test formulation were administered to fasted male volunteers, thereafter, the blood 
samples were collected at specific time interval from 0-96 h. The washout period was 2 
weeks. The plasma meloxicam concentrations were determined by HPLC. The 
pharmacokinetic parameters obtained after non-compartmental analysis were statistically 
evaluated for bioequivalence using ANOV A. RESULT; The median T max (h) of the two 
products were similar ( 4.5 VS 4.0), however, the range of Tmax (h) for the reference product 
(2.0-10.0) was more variable than that of the test ( 4.0-10.0). Bioequivalence analysis showed 
that the Cmax and the AUC o-oo did not differ significantly. The point estimator (90%CI) for 

the ratio Test of log transformed data of the AUC 0.,,, and Cmax were 0.97 (0.90-1 .06) 
Reference 

and 0.95 (0.84-1.08), respectively. These values were within the bioequivalence range of 
0.80-1.25, thus our study demonstrated the bioequivalence of the test and the reference 
preparations. 

Key wol'<ls : bioeqivalence, meloxicam 
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Introduction 

Meloxicam is a nonsteroidal anti­
inflammatory drug (NSAID) useful for 
patients with rheumatoid arthritis and 
osteoa1thritis <1

•
2

> . .It is a partially selective 
cyclo-oxygenase-2 (COX-2) inhibitors, 
therefore, it is less likely to adversely 
affect the cytoprotective function of 
arachidonic acid metabolites formed by 
COX-1 in the gastric mucosa, or 
prostaglandin E2 (PGE2) in the kidney <

3
-
5>. 

Moreover, it has displayed a favourable 
gastrointestinal profile when compared to 
other NSAIDs e.g. piroxicam, naproxen 
and diclofenac<6>. Following oral 
administration, meloxicam is completely 
absorbed and its steady state level was 
achieved within 3-5 days(7). It is 
eliminated predominantly by metabolism 
with balanced excretion in the form of 
inactive metabolites occurring in urine and 
feces . An elimination half-life of about 
20 h makes meloxicam a suitable agent for 
once-daily do'sing<1> For the treatment of 
osteoa1thritis the recommended starting 
and maintenance dose is 7 .5 mg once 
daily, although some patients may receive 
additional benefit by increasing the dose to 
15 mg once daily <3>, 

The aim of this study was to 
investigate the bioequivalence of the 
generic meloxicam in order to assess any 
possible difference between the test and 
the reference due to manufacturing process. 

Materials and Methods 

Drug formulations 

Reference product : Mobic® 7.5 
mg tablet [OLIC (Thailand) Limited 
Ayudhaya, Thailand for Boehringer 
Ingelheim International GmbH lngelheim 
am Rhein, Germany]. Lot No. B. 1015, 
MFD 6/11/2001, EXP 6/11/2003. 

Test product : Melox® 7.5 mg 
tablet [The Siam Bheasach company, 
Bangkok, Thailand] LOT D22ME14, 
MFD 04/2002. 
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Volunteers 

Twelve healthy nonsmoking male 
volunteers, aged between 20-28 years old 
were enrolled in this study. All were 
deemed healthy based on medical history 
and physical examination. Routine blood 
test including CBC with differential, 
BUN, creatinine (Cr) and LFT were 
screened to exclude volunteer with 
abnormal hematology, liver or kidney 
functions. Volunteer with known 
contraindication or hypersensitivity to 
meloxicam was excluded as well as those 
with known history of peptic ulcer disease, 
dyspepsia, gastrointestinal disease, recent 
cigarette smoking, alcoholism or drug 
abuse. No other drug was allowed 1 
month before and during the study period 
to avoid the effects of inducing or 
inhibiting hepatic metabolizing enzyme 
and the risk of drug interactions. After 
given written informed consent, volunteers 
were enrolled to the study. 

Design, dosage and drug 
administration 

The study was conducted as an 
open-label, randomized, single dose, two­
period crossover design with a two-week 
washout period. Equal numbers of 
volunteers were randomly assigned to one 
of the two sequence groups and each 
volunteer received a single 7 .5 mg dose of 
each of the two preparations under fasting 
condition with 240 ml water. Volunteers 
remained upright and fasted for 2 h after 
drug administration. Water and lunch were 
served at 2 h and 4 h, respectively. An 
intravenous catheter connected to an 
injection plug was used for serial blood 
sample collections. Venous blood samples 
(10 ml) were collected into heparin tubes 
before and at l, 2, 3, 4, 5, 6, 7, 8, 9, 10,15, 
24, 36, 48, 72, 84, and 96 h after dose 
administration. The blood samples were 
centrifuged for l 0 minutes at 3,000 rpm to 
separate the plasma. Thereafter, the 
plasma samples were immediately kept 
at -20°C until assay. 
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Determination of the plasma 
meloxicam concentrations 

Plasma concentrations of 
meloxicam were measured by using a 
high-performance liquid chromatography 
(HPLC) after solid phase extraction· 

~ ) 

(Strata 50 µm Cl8-E 100 mg/ml, 
Phenomenex, USA). The HPLC system 
consisted of an isocratical pump (LC-
1 OAS), degasser (DUG-3A), UV detector 
(SPD-1 OA), integrator communication bus 
module (CMB-1 OA), column oven (CT0-
1 OA) and auto i1tjector (SIL-I OAi). 
Separation was performed at 50°C on an 
analytical column (Inersil ODS-2, 5 µm 
4.6xl50 mm, GL Sciences, Japan) coupled 
with a guard column (Inersil ODS-2, 5 µm 
4.6xl 0 mm, GL Sciences, Japan). The 
mobile phase was a mixture of 10 mM 
potassium dihydrogen phosphate (pH 
4.4)/methanol/acetonitrile (5/4/1 , v/v/v). 
This method was modified from 
Velpandian et al <9> using piroxicam as an 
internal standard (IS). The retention time 
for meloxicam and internal standard were 
approximately 8.8 and 6.5 mm, 
respectively. The linear regression 
analysis between meloxicam concentration 
with the peak height ratios of meloxicam 
and IS over the determination range 
between I 0-2,000 ng/ml gave the 
correlation coefficients of 0.999 or better. 
Samples containing drug concentrations in 
excess of 2,000 ng/ml were analyzed after 
dilution with drug free plasma. Within-run 
accuracy and precision was determined 
using 5 aliquots of each 3 levels control 
sample and single calibration curve-run 
concurrently. Tl)e data of 5 different days 
in the same manner sh1dy were calculated 
for between-run assay validation. The 
precis ion (CV,%) of within-run and 
between-run were 3.81 and 3.94, 
respectively. The mean recovery of 
meloxicam and IS were 97.83% and 
I 03.30%, respectively. 

Pharmacokinetic analysis 

Maximal plasma concentration 
(Cmax, ng/ml) and time to reach the peak 
concentration (Tmax, h) were obtained 
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directly by visual inspection of each 
volunteer's plasma concentration-time 
profile. The area under the plasma 
concentration-time curve (AUC) from 
time 0-infinity (AUC0""', ngxh/ml) and 
half-life (t112, h) were determined by non­
compartmental analysis. The slope of the 
terminal log-linear po11ion of the 
concentration-time profile were determined 
by least-squares regression analysis and 
used as the elimination rate constant (Ke). 
The elimination half-life were calculated 
as 0.693/ Ke. The AUC0.1 from time zero to 
the last quantifiable point (Ct) were 
calculated using the trapezoidal rule. 
Extrapolated AUC from Ct to infinity 
(AUC1-«>) were determined as Ct/Ke. Total 
AUCo-oo was the sum of AUC0_1 + AUC1_"" 

Statistical analysis 

An analysis of variance (ANOV A) 
was used to determine the statistical 
differences of pharmacokinetic parameters 
(T max, Cmax and AUC) which represented 
the rate and extent of drug absorption. 
The variability between subjects, 
treatment groups, study periods, and 
formulations were determined and the two 
one-sided test procedure was performed. 
This procedure is referred to as the 
confidence interval (CI) approach <10•11 >, 
The AUC and Cmax were transformed to 
logarithmic values (In) before calculation 
by using ANOV A appropriated for the 
design. The 90% CI of the Test/Reference 
for AUC and Cmax ratios were analysed by 
the following formula <

11
•
12>. - - w 

90% CI (pr - J.IR) = •( x r x R) ± I VO. I v--;;-- n-

Where X r, X R are the observed means of 
the In transformed 1)arameters (either C max 
or AUC) for the test product (T) and the 
reference (R), S2 is the error variance 
obtained from the ANOV A, n is the 
number of subjects, tvo.1 is the tabulated 
two-tail I value for 90% CI and v is the 
number of degrees of freedom of the error 
mean square from the ANOV A. The 
antilogarithm of the CI (µr - µR) will 
express the bioequivalence as a ratio of the 
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test product and the reference product. The 
bioequivalence intervals of 0.80 - 1.25 for 

Test ratios of the AUC0 "" and the 
Reference 

Cmax are accepted by the Thai FDA <
12>. 

An analysis ofTmax difference [Tmax Test -
T max Reference] was expressed as 
untransformed data. The bioequivalence 
range of the difference is ± 20 % of the 
median T max of the reference formulation. 

Result and Discussion 

Single dose administration of 7.5 
mg meloxicam in healthy male volunteers 
under fasting condition was well tolerated 
and all volunteers completed the study 
without any adverse effects. Table I and 2 
showed meloxicam plasma concentrations 
versus time as well as their mean ± S.D., 
while table 3 and 4 showed their 
calculated pharmacokinetic parameters for 
the test and the reference, respectively. 
The pharmacokinetic parameters were 
compared and showed in table 5. The 
mean plasma concentration-time profiles 
after oral administration of the test and the 
reference was depicted in figure 1. After 
oral administration, the rates of 
meloxicam absorption from the two 
products were relatively variable (%CV = 
43% and 48% for the test and the 
reference, respectively). The range of time 
to reach the maximal concentration (Tmax) 
for the test (median 4.5 h, range 2.0-10.0 
h) was more variable than the reference 
(median 4.0 h, range 4.0-10.0 b) (table 2). 
Although the point estimate of the Tmax 
difference (0.67 h) was within the 
acceptable range of± 1.03 h (less than ± 
20% of the mean Tmax of the reference), 
the upper and the lower confidence limit 
of the Tmax difference [(-1.09) - 2.42 h)] 
were outside the acceptable range (Table 
6). However, this statistical difference 
was not considered to affect the efficacy 
and safety of the two products, since 
meloxicam is recommended for used as 
chronic therapy and Tmax at steady-state 
(T max-ss ) is clinically a more relevant 
value. The mean plasma concentration­
time curves of the test and the reference 
products were relatively comparable 
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although the Cmax and AUC0 "" of the 
reference (846.24 ng/ml and 34, l 06.26 
ng.h/ml) was slightly higher than those of 
the test (798.6 ng/ml and 32, 771.02 
ng.h/ml). Despite of this, there were no 
statistically significant difference of these 
parameters between the two formulations 
and the relative bioavailability (Frei) 
calculated from Cmax and AUC0 ""' of the 
Test I Reference was 97.64% and 98.57%, 
respectively. Furthermore, the 
bioequivalence analysis after Jn 
transformed data of the AUC0 .,,, and Cmax 
showed that the mean (90% CI) of ratios 
for Test/ Reference were 0.97 (0.90-1.06) 
and 0.95 (0.84-1 .08), respectively. These 
values fell within the bioequivalence 
criteria of 0.80-1.25 as shown in table 6. 
From the ANOV A, the inter-volunteers 
variability in the AUC0~""' and Cmax were 
significantly high (p=0.0007 and 
p=O.O 154, respectively). These findings 
were expected since meloxicam is a drug 
with high first-pass metabolism and some 
volunteers may exhibit either extremely 
high or extremely low AUC0 ""' and Cmax 
concentrations. The intra-volunteer 
coefficient of variation (%CV) estimated 
from S2 obtained from the ANOV A after 
logarithmic transformed, for the AUC0 .,,,, 

and Cmax were 11 % and 17%, respectively. 
The higher CV value of Cmax attributed to 
the fact that Cmax is a single concentration 
value and is dependent on the discrete 
sampling scheme therefore tends to show 
higher variability than AUC0 -<.0 which is an 
integrated parameter. According to the 
nomograms and tables of Diletti <

13
> the 

power of tests obtained from this study for 
AUC0 ""' and Cmax were 90% and 70%, 
respectively. To attain the test power of 
greater than 80% for the C111ax, the sample 
size should be 16 volunteers. Concerning 
the duration of sampling time, it should be 
sufficient to ensure that the area 
extrapolated beyond the last sample time 
was less than 20%. Since the guidelines 
recommend that sampling should be 
continued for at least 3 times the terminal 
half-life of drug (t112 approximately 20 h), 
the sampling time in this study was 
continue until 96 h. The AUC analysis in 
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this study showed that the sampling time 
was adequate and the calculated AUC­
extrapolation was Jess than 20%, except in 
one volunteer (Volunteer No 3) whose 
elimination t112 was significantly longer 
than other volunteers (t112 = 39.3 h and 
42.8 h) and the AUC-extrapolation was 
19.6 1% and 20.84% for the test and the 
reference, respectively. 

Conclusion 

We have conducted the bioequi-
valence study of 7.5 mg oral 
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preparations of meloxicam manufactured 
by the Siam Bheasach Company, 
Bangkok, Thailand in comparison with the 
irmovator in 12 healthy Thai male volunteers. 
The result demonstrated that the mean (90% 
CI) of the AUC o..,, and Cmax ratios for 
[Test/Reference] were U.97 (0.90-1.06) 
and 0.95 (0.84-1 .08), respectively. Since 
the mean Test/ Reference ratio of the two 
parameters was close to 1 and its 90% CI 
were fell within the bioequivalence range 
of 0.80 - 1.25, the result concluded the 
bioequivalence of the two products. 

60 80 100 
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Figure 1 Mean plasma concentration-time profiles after single oral administration of7.5 mg 

Meloxicam [Ref (-0-) and Test (-+-)]. 



Table 1 Plasma meloxicam concentrations (ng/ml) after oral administrations of 7.5 mg of the test. 

Subject 
Plasma meloxicam concentration ( ng/ml ) 

No 

Time~ 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 24.0 36.0 48.0 72.0 

I 0.00 268.08 762.39 824.53 866.34 837.30 710. 71 758.60 772.42 736.42 624.52 653.95 472.76 405.54 305.00 184.33 

2 0.00 137.94 343.25 351.49 376.77 389.44 357.41 381.98 383.66 394.72 389.76 371.16 384.39 295.92 189.12 109.75 

3 0.00 255.84 559.61 831.49 881.68 885.83 906.85 842.16 834.96 827.78 756.61 771.39 741.14 630.05 467.37 288.73 

4 0.00 255.84 425.77 594.71 880.94 708.83 671.69 663.34 645.78 549.82 594.75 530.92 392.53 282.57 212.24 85.55 

5 0.00 56.90 440.44 545.25 572.50 521.64 634.69 593.66 593.68 580.27 644.22 560.54 501.47 427.33 303.22 169.78 

6 0.00 64.60 300.70 492.76 610.44 599.25 552.30 534.60 508.38 496.71 510.61 472.65 366.79 204.46 128.47 57.26 

7 0.00 40.76 66.30 102.50 313.79 552.54 635.89 649.24 667.19 653.33 673.40 545.50 453.65 367.92 257.39 116.42 

8 0.00 99.02 433.82 822.60 1071.75 872.27 847.10 788.90 758.11 710.95 753.05 653.10 546.88 381.43 262.02 113.17 

9 0.00 187.98 249.03 321.67 603.69 679.30 670.90 743.82 732.08 714.22 627.39 486.37 399.31 294.08 222.11 107.50 

10 0.00 53.13 375.18 706.80 901.78 799.83 782.90 721.70 715.55 712.01 721.61 705.95 518.72 360.22 223.13 107.69 

11 0.00 106.57 643.33 872.09 906.59 846.58 827.76 833.61 804.34 822.37 746.02 682.53 601.29 444.06 284.76 142.59 

12 0.00 186.80 505.97 740.46 982.30 871.33 874.03 746.77 764.65 650.44 637.43 572.74 465.75 417.67 224.89 122.10 

Mean 0.00 142.79 425.48 600.53 747.38 713.68 706.02 688.20 681.73 654.09 639.95 583.90 487.06 375.94 256.64 133.74 

S.D. 0.00 85.51 183.58 244.94 244.01 165.77 155.74 133.49 131.87 129.28 107.55 113.45 106.94 107.04 83.13 59.49 
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Table 2 Plasma meloxicam concentrations (ng/ml) after oral administrations of 7 .5 mg of the reference. 

Subject Plasma meloxicam concentration ( ng/ml ) 
No 

Time~ 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 lS.0 24.0 36.0 48.0 72.0 84.0 96.0 

1 0.00 210.06 468.67 484.07 607.77 638.95 661.62 640.4S 602.9S S69.32 616.61 S43.78 430.97 367.34 241.43 114.50 90.09 S8.80 

2 0.00 33.62 204.82 490.62 S06.86 s 11.53 504.41 467.50 464.83 455.23 432.50 436.70 439.86 396.71 247.64 128.87 102.15 80.87 

3 0.00 551.96 781.77 801.45 1143.91 1027.84 989.72 956.68 930.17 843.69 823.08 876.51 902.83 722.56 576.62 4Sl.17 362.75 252.43 

4 0.00 116.30 145.58 156.36 344.19 597.32 562.92 644.09 660.26 631.19 672.82 473.26 444.33 413.36 222.63 134.52 81.83 52.61 

5 0.00 44.65 72.98 172.08 479.63 575.69 594.33 604.47 618.43 643.35 691.06 606.57 514.67 404.15 271.41 119.30 89.92 69.37 

6 0.00 57.46 272.28 526.96 637.09 641.31 590.12 S67.33 S73.08 487.06 SOS.IS 487.84 365.15 233.69 151.07 70.27 44.00 27.36 

7 0.00 569.0S 1219.97 1084.64 1075.87 898.06 839.00 786.73 691.51 668.13 701.03 626.68 521.03 401.60 210.79 127.63 97.14 62.26 

8 0.00 211.17 292.38 512.19 1101.01 IOS6.27 926.33 946.51 935.07 855.84 863.17 828.78 S3S.07 342.49 236.94 133.76 86.18 66.07 

9 0.00 197.74 250.52 333.69 S90.60 739.93 667.69 640.45 605.S7 622.47 668.36 507.01 396.74 314.91 234.98 106.97 91.11 73.00 

10 0.00 317.79 605.08 708.46 761.72 650.24 578.36 597.03 S82.33 597.43 637.87 S83.58 402.63 267.79 160.42 87.44 74.S9 48.38 

JI 0.00 146.32 686.82 1013.03 1156.41 1053.86 1044.87 971.62 924.54 875.43 805.31 760.89 580.10 464.45 318.58 170.62 120.36 82.64 

12 0.00 326.03 745.67 8S3.53 842.02 734.46 643.19 681.00 691.48 707.29 671.53 661.34 413.51 379.54 213.26 102.17 55.00 45.78 ""ti 
§ 

Mean 0.00 231.85 478.88 594.76 770.59 760.4S 716.88 708.66 690.02 663.04 674.04 616.08 495.57 392.38 257.15 145.60 107.93 76.63 
3 
"' § 

S.D. 0.00 180.89 337.36 303.18 287.39 197.47 183.61 167.61 156.51 137.24 123.49 142.54 143.8S 122.43 110.02 99.53 82.75 57.54 ;:a 
:::: 
:: 
~ -. 
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Table 3 Pharmacokinetic parameters of meloxicam after a single oral dose of7.5 mg 

of the test. 

Subject No. T max C max AUC T112 
(h) ( ng/ml) ( ngxh/ml.) (h) 

I 4.0 866.34 36,195.32 27.3 
2 9.0 394.72 22,920.08 25.0 
3 6.0 906.85 59,781.46 39.3 
4 4.0 880.94 25,725.64 20.9 
5 10.0 644.22 35,931.62 31.1 
6 4.0 610.44 20,238.32 20.2 
7 10.0 673.40 28,692.28 24.3 
8 4.0 1,071.75 33,225.55 22.1 
9 7.0 743.82 28,190.03 27.9 
10 4.0 901.78 31,556.15 21.8 
11 4.0 906.59 37,448.91 23.8 
12 4.0 982.30 33,346.92 30.5 
Mean 5.83 798.60 32,771.02 26.18 
S.D. 2.52 189.45 10,074.92 5.47 
%C.V. 43 .14 23.72 30.74 20.90 
Median 4.00 873.64 32,390.85 24.65 
Maximum 10.00 1,071.75 59,781.46 39.30 
Minimum 4.00 394.72 20,238.32 20.20 
Max - Min 6.00 677.03 39,543.14 19.10 

Table 4 Pharmacokinetic parameters of meloxicam after a single oral dose of 7 .5mg 
of the reference . 

Subject No. T max C max AUC T112 
(h) ( ng/ml) { ngxillml} (h) 

I 6.0 661.62 29,471.07 25.4 
2 5.0 511.53 28,945.17 26.4 
3 4.0 1,143.91 74,722.28 42.8 
4 10.0 672.82 28,168.64 21.4 
5 10.0 691.06 31,395.00 24.9 
6 5.0 641.31 21,374.57 19.7 
7 2.0 1,219.97 34,424.25 24.3 
8 4.0 1,101.01 35,244.64 22.9 
9 5.0 739.93 28,684.29 27.1 
10 4.0 761.72 26,113.33 23.3 
11 4.0 l,156.41 41,074.69 25.6 
12 3.0 853.53 29,657.20 19.4 
Mean 5.17 846.24 34,106.26 25.27 
S.D. 2.48 243.12 13,703.09 6.05 
%C.V. 48.00 28.73 40.18 23.96 
Median 4.50 750.82 29,564.14 24.60 
Maximum 10.00 1,219.97 74,722.28 42.80 
Minimum 2.00 511.53 21,374.57 19.40 
Max-Min 8.00 708.44 53,347.71 23.40 
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Table 5 Comparison of meloxicam pharmacokinetic parameters following oral 
administration of the Reference and the Test. 

Parameters Test Reference 

Cmu (nglml) 798.60 ± 189.45 846.24 ± 243.12 

T mu (median,h) 4.00 4.50 

AUC0..,, (ngxh/ml) 32,771.02 ± 10,074.92 34,106.26 ± 13,703.09 

tin (h) 26.18 ± 5.47 25.27 ± 6.05 

Frei. Cmu (T/R, %) 97.64 ± 23.19 
Frei. AUC (T/R, %) 98.57 ± 15.44 

Table 6 The means and 90% CI of ratios Test/Reference of AUCo-«> and Cmax and 
the 90% CI .of the difference in Tmax· 

Pharmacokinetic parameters 

AUCo.... (Test®/Reference®) 

Cmu (Test®/Reference®) 

Tmu (Test®- Reference®) 
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RESEARCH ARTICLES 

Onset of Action, Efficacy, and Tolerability of 
Loratadine, Fexofenadine and Cetirizine under Nasal 
Allergen Challenge in Perennial Allergic Rhinitis 

Sukit Roongapinun 1, Nutthiya Kraiwapan 1, Supranee Fooanant2 

' Clinical Pharmacology Unit, Department of Pharmacology, Faculty of Medicine, Chiang Mai 
University 
' Sinus and Allergy Unit, Department of Otolmyngology, Faculty of Medicine, 
Chiang Mai University 

Abstract 

In~roduction: Loratadine, Fexofenadine and Cetirizine have been widely used for 
allergic rhinitis. This study aimed to examine the efficacy, onset of action and tolerability of 
these agents under dust mite nasal challenge. 

Patients and Methods: Thirty-one allergic rhinitis patients were randomly given 10 
mg of loratadine (n=8), 60 mg of fexofenadine (n=8), I 0 mg of cetirizine (n=8), or a placebo 
(n=7) after collecting the baseline. The nasal allergen challenge was repeated every 30 min 
after taking medication for 4 h. Total nasal symptom score (TNSS) and secretion weight were 
assessed ten min after each challenge. Adverse effects were evaluated hourly. Additionally, 
the time points with definitive relief (relative efficacy) resoluted by treatments were 
analyzed. 

Results: Antihistamines prevailed over the placebo at 120 min for cetirizine, 150 min 
for fexofenadine, and 180 min for loratadine. At ce11ain points, cetirizine was more effective 
than loratadine on TNSS, secretion and congestion score. All drugs had a greater relative 
efficacy on TNSS than the placebo. Fexofenadine and cetirizine displayed a high relative 
efficacy. The incidence of adverse effect was high due to experimental procedure, however, 
it was similar among groups. 

Conclusion: All drugs were more effective than the placebo. Cetirizine had the fastest 
onset. There was an ample significant discrepancy in efficacy among these drugs. Active 
agents and placebo equally affected the adverse events. 

Key words : perennial allergic rhinitis; nasal allergen challenge; loratadine; fexofenadine; 
cetirizine 
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Introduction 
For years, three non-sedating 

antihistamines have been widely 
prescribed for treating allergic rhinitis in 
Thailand. They include fexofenadine, 
cetirizine, and loratadine. Some of them 
have been studied serarately in seasonal 
allergic rhinitis (SAR) ·3 and rhinitis4

•
5
, but 

they were compared with each other in 
only one trial of SAR6

• In Thailand where 
the perennial type of allergic rhinitis has 
been overwhelming, there were two 
studies carried out7·8 Yet, they were 
conducted in chronically-therapy basis 
without nasal allergen challenge (NAC) 
and included only some drugs. On the 
contrary, this study aimed to complete the 
investigation of the efficacy, onset of 
action, and tolerability of these three drugs 
during the 4 h period of NAC in patients 
with perennial allergic rhinitis. 

Patients and Methods 

This study was conducted in full 
compliance with the Declaration of 
Helsinki and the principles of Good 
Clinical Practice. The protocol and 
consent form for the study were reviewed 
and approved by the Research Ethical 
Committee of the Faculty of Medicine, 
Chiang Mai University. Written informed 
consent was obtained from all subjects 
prior to enrollment. 

Subjects screening 

The allergic rhinitis patients were 
included by meeting the following criteria: 
(I) age bet\veen 15-50 years; and (2) 
confirmed diagnosis of allergic rhinitis by 
history, physical examination and a 
positive skin test to house dust mite (Der 
p, Der f). The exclusion criteria were as 
follows: ( 1) hist01y of severe asthmatic 
attack or anaphylaxis; (2) relevant septa! 
deviation, polyps, or sinusitis that remained 
active; (3) history of antihistamine drug 
allergy; and (4) prior medications intake in 
a limited period of time (i.e. I week for 
decongestant, 2 weeks for non-sedating 
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antihistamine, and 4 weeks for topical or 
systemic steroid). Eligible subjects were 
enrolled to collect baseline data. The 
protocol and patient information 
guidelines were given. 

Study design 

This was a single center, 
randomized, double-blind, parallel, 
placebo-controlled trial. All patients 
underwent NAC to collect baseline data. 
Positive challenge was defined by 
symptoms score 5 and over plus increasing 
NAR by 50% from diluent value. Only 
positive-challenged patients were 
randomly given a single dose of Cetirizine 
at 10 mg (Zyrtec®, U.C.B., Thailand), 
Loratadine at I 0 mg (Clarityne®, 
Schering-Plough/Zuellig, Thailand), 
Fexofenadine at 60 mg (Telfast®, 
Aventis/Zuellig, Thailand), or a placebo 
(corn starch, Vidhyasom, Thailand). All 
were contained in white-pink capsules. 
Patients and recorders were blinded from 
the treatment type. NACs were repeated 
with the highest concentration at 30 min 
intervals for 4 h after dosing. Assessments 
were collected I 0 min after each NAC. 

Nasal allergen challenge (NAC) 

The patients underwent NAC by the 
disc method9

. Following diluent (0.4% 
phenol in 0.9% normal saline) inse11ion, 
an increasing concentration of Der p and 
Der f (Allertech, Thailand) mixture was 
administered at l 0 min intervals. The 
allergen discs (punched out the Whatman 
filter paper # l, Whatman, England) with 
20 µL of extracts, were placed bilaterally 
for 30 seconds over inferior aspect of the 
inferior turbinate. To enroll only positive 
NAC subjects, nasal airway resis.tance was 
measured by active anterior 
rhinomanometiy (Rhinomanometer, PC 
200 ATMOS, Germany). The total NAR 
reading at 75 Pa of pressure gradient was 
based on a previous study in Thais10

• 

Confounding factors in rhinomanometry 
were carefully guarded 11

• 
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Assessments and endpoints 

(i) Total nasal symptom score 
(TNSS) consisted of itching, stuffiness, 
sneezing count, and rhinorrhea. Patients 
were instructed on how to grade the 
severity score as follows: 0 = no symptom, 
1 symptom present but not 
annoying, 2 = symptom annoying but not 
interfering with normal activity, and 3 = 
symptom interfering with normal activity. 
The sneezing count score was 0 = no 
sneezing, I = 1-5 sneezes, 2 = 6-10 
sneezes, and 3 = 11 or more sneezes12

• (ii) 
The relative efficacy was derived from the 
number of time points with 'zero' score 
(graded by patients) divided by the total 
time points of evaluation, the data were 
shown in percentage1

• (iii) Tissue paper 
for nose blowing was weighed (gram xl0-
4) before and after use. It was always made 
readily available for every patients. 
Secretion was collected for I 0 min after 
each NAC. (iv) Treatment - emergent 
adverse events were noted during the 
double blind treatment period, but not 
during the baseline period. Inquiries on the 
five adverse experiences (somnolence, dry 
mouth, headache, fatigue, nausea) were 
made hourly throughout the study. 
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Statistical analysis 

Either Kruskal-Wallis test or 
analysis of variance (ANOV A) with post 
hoc analysis was performed. The 
statistical software used for these analyses 
was MedCalc version 7.14 for Windows 
(MedCalc Software, Mariakerke, Belgium). 
All comparisons were based on two-sided 
tests. Statistical significance was defined 
for all tests at p< 0.05 

Results 

Patients 

A total of 47 patients were enrolled. 
Of them, 31 (65.9%) met the criteria for 
positive NAC. They were randomly given 
a single dose of placebo (n=7), loratadine 
(n=8), cetirizine (n=8), or fexofenadine 
(n=8). They all continued to participate 
until the end of the study. Before NAC, all 
parameters were not significantly different 
among the four groups. After NAC was 
completed, a clear rise in all parameters 
was seen, but no significant difference 
among the baselines was detected. The 
demographic features and baseline are 
presented in Table 1. 

Table 1 Demographic data of patients taking antihistamines and placeboa 

Parameters Placebo Loratadine Fexofenadine Cetirizine 
(n=7) (n=8) (n=8) (n=8) 

age (yr) 30.2±11.6 28.6±12.3 28.7±16.2 31.5±13.5 
Wt (kg) 50.1±3.5 55.9±3.2 49±5.5 52.3±4.8 
M:F 3:4 4:4 4:4 3:5 
Moderate to severe: 4:3 4:4 5:3 5:3 
mild persistence 
NSS at baseline 8(6-10) 7.5 (4-11) 6.5 (5-13) 7.5(5-10) 
NAR at baseline 1.96±2.57 2.75±5.95 1.08±0.95 2.28±2.96 
(Pa/ml/sec) 
Secretion weight at 1.49±1.56 2.42±1.87 2.28±2.15 2.07±1.12 
baseline (g) 
"There was no statistical significance among groups at baseline study 
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Effect on total nasal symptom 
score 

Cetirizine suppressed TNSS more 
effectively than the placebo at 120 min 
(median -5, 95%CI:-8.3 to -1.9 vs -2, 
95%CI:-5.l to 2.8, p=0.01) and 
afterwards. Fexofenadi1ie inhibited TNSS 
more effectively than the placebo since 
150 min (median -4, 95%CI:-8. l to -1.6 
vs -2, 95%CI:-5.7 to 3.2, p=0.02). 
Loratadine inhibited TNSS more 
effectively than placebo at 180 min 
(median - 4.5, 95%CI: - 8.5 to - 0.2 vs -2, 
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95%CI: - 5.6 to 2.8,p < 0.05) and 240 min 
(median - 6, 95%CI: -10.8 to - 2.2 vs -2, 
95%CI: -6.2 to - 0.1, p <0.01). The effect 
of these agents on TNSS is presented in 
Fig. 1. Cetirizine also suppressed TNSS 
greater than loratadine during 120 - 150 
min (median - 5, 95%CI: - 8.3 to - 1.9 vs 
-3, 95%CI: -5.2 to - 0.2, p=0.02 and 
median -6, 95%CI: -8.9 to -2.8 vs -4, 
95%CI: -6.9 to --0.5, p=0.02). No significant 
difference was noted between cetirizine 
and fexofenadine or fexofenadine and 
Joratadine. 

• Placebo [J]] Loratadine D Fexofenadine § Cetirizine 
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Fig. 1 Reduction in total nasal symptom score (TNSS) from baseline after treatment. 
(*p<0.05, compared to the placebo; ** p<0.05, compared to loratadine) 

Relative efficacy 

Fig. 2 showed the relative efficacy 
111 each symptom and TNSS. All active 
treatment groups evidenced greater 
relative efficacy on TNSS than the 
placebo group (p<0.05). No statistical 
difference in relative efficacy of TNSS 
was observed among the studied drugs. 
Fexofenadine exhibited higher relative 
efficacy in the aspect of sneezing and 
itching score than the placebo (p=O.O 1 ), 

whereas, cetirizine provided a superior 
improvement on sneezing and secretion 
score over the placebo (p=0.04). 
Loratadine did not clearly yield a great 
relative efficacy on individual symptom 
score than the placebo. Cetirizine and 
fexofenadine had a greater relative 
efficacy on s.neezing score than loratadine 
(p=0.03). Discrepancies of cetirizine vs 
loratadine and cetirizine vs fexofenadine 
were not found. 
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• Placebo D Loratadine D Fexofenadine D Cetirizine 
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Fig. 2 Relative efficacy of the agents on individual symptom score and TNSS. 
(* p <0.05, compared to the placebo; **p<0.05, compared to loratadine) 

Efficacy of non-sedating 
antihistamines on secretion weight 

All medications showed statistical 
differences compared to their baseline at 
30, 60, 240 min for loratadine, 
fexofenadine, and cetirizine, respectively. 
Nonetheless, no antihistamine was able to 
reduce secretion weight significantly 
compared with the placebo, although all 
active arms inclined to do that in distal 
evaluations. At 210 min, the percentage 
reduction of secretion weight were -
54.7±61.5%, -75.3±40.5%, -92.2±9.9%, 
and -85.3± 15.5% for the placebo, 
loratadine, fexofenadine, and cetirizine, 
respectively. At 240 min, the percentage 
reduction of secretion weight were 
-37.2 ± 96.7, -91.4± 14.1, -87.2 ± 18.6, 

and -95.6±7.8 for the placebo, loratadine, 
fex:ofenadine, and cetirizine, respectively. 

Adverse experiences of non­
sedating antihistamines 

Study medications were well 
tolerated. No patient stopped treatment 
because of side effects or intercurrent 
illness.Treatment-emergent adverse events 
are repo1ted in Table 2. The most common 
side effects were sonmolence in all groups. It 
was found in 37.5% of each active group· 
and 42.8% of the placebo group. The 
loratadine and cetirizine groups experienced 
another complaint such as fatigue (37.5%). 
However, no statistical difference on these 
adverse effects was detected among the 
groups in this study. 

Table 2 Treatment-emer~ent adverse events for each treatment ~rouE 

Drugs Somnolence Dizziness Headache Dry Fatigue Nausea 11 mouth 

Placebo 7 3 (42.9%) 2 (28.6%) 2 (28.6%) 2 (28.6%) I (14.3%) 0 (0.0%) 

Loratadine 8 3 (37.5%) 2 (25.0%) 2 (25.0%) 2 (25.0%) 3 (37.5%) 0 (0.0%) 

Fexofenadine 8 3 (37.5%) 2 (25.0%) 2 (25.0%) 2 (25.0%) 2 (25.0%) 0 (0.0%) 

Cetirizine 8 3 (37.5%) 2 (25.0%) 2 (25.0%) I (12.5%) 3 (37.5%) 0 (0.0%) 
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Discussion 

This is the first study which applied 
the disc method to longitudinally produce 
nasal symptoms for study the drug 
efficacy. We has become realized that a 
study of drug efficacy which conducted in 
community-based context would be 
affected by uncontrolled milieu. That is 
the various level of HDM in the 
households. As most studies have used the 
sophisticated allergen exposure unit; 
numerous factors must be considered 

' such as spatial distribution of allergen, air 
flow, calibrated ventilation system13

. 

Besides, the exposure to pollens (which is 
larger in size than HDM excreta) are able 
to impair lung function 14-16. Alternatively, 
nasal spray, if specifically designed to 
reduce fierce strike, would be another 
good option. However, our experience 
found that uncertain amount of allergen 
and copiously perfused extract which 
might interfere the secretion score must 
be wary. We silently applied disc to nasal 
mucosa. There are three studies that they 
showed basic elements of pathophysiology 
and timing-physiologic correlation 
underlying our implementation 1· 6• 

9
•
17 

In our model, cetirizine appeared to 
provide fastest relief, whereas, loratadine 
acted much later. This trend was suppo11ed 
by a number of studies1-3. In this study, 
cetirizine exhibited more rapidly efficacious 
than fexofenadine. This study unveiled that 
the earlier recommended dose of 
fexofenadine (60 mg bid) might be 
blundered by cetirizine competitiveness, 
thereby, the subsequent studies tend to 
increase dose of fexofenadine. Cetirizine 
(10 mg) and higher fexofenadine (120 mg) 
had a comparable onset of action in 
alleviating the nasal symptoms in certain 
study18. Unluckily, the duration of action 
by 120 mg administration became shorter 
which led to introduction of highly 
efficacious 180 mg dose19. Notably, owing 
its least potency, this has allowed 
investigators using loratadine as comparator 
for any new antihistamine to study. Other 
authors, however, remarked that loratadine 
might be needed the regular use basis to 
encounter the effect 20·21 . Also, we have 
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already provided the underlying 
mechanisms which dive11 these agents 
variously22

• In brief, loratadine may 
require a more potent metabolite 
(desloratadine, T max = 3-4 h) to establish 
an onset23. Cetirizine takes advantage of 
fexofenadine over its pharmacokinetic 
drawback. Since fexofenadine is a 
substrate for ce11ain transpo11ers24·25 

Nonetheless, the bottom line is any studied 
antihistamines have been proven that 
every patients in the midst of allergen 
exposure ought to receive either of them 
rather than none at all. 

At the end of four h, 45.8% of 
patients (data not shown) remained presence 
of symptoms despite of on therapy. Also, 
reflected by relative efficacy, only I 0-20% 
of evaluated points in active treatments 
showed definitive relief. This emphasizes 
that patients taking any antihistamines 
without retreating themselves from 
allergen exposure would inevitably not be 
free of symptom. Probably, this explains 
ineffectiveness in subset of patients taking 
this antihistamine. 

In relation to our individual score 
analysis (data not shown), patients would 
predictably respond by following 
sequence of onset: sneezing (120 min), 
secretion (120 min), pruritus (240 min). 
The least alleviated symptom was nasal 
congestion. The lack of nasal decongestant 
effect in the continuous HDM challenge 
was occasionally seen26 and confirmed by 
our rhinomanometric study27. A minimal 
rise of TNSS was seen in each group of 
cetirizine and loratadine from 150 to 21 O 
min. This might be caused by late-phase 
responses which antihistamines are unable 
to exe11 a pivotal action. The fact that all 
three drugs possessed anti-inflammatory 

t
. . . . 28 29 ac 1v1ty m vrtro · , the importance of 

this activity in contributing overall clinical 
efficacy is not known30. 

In our analysis showed that 
secretion weight insignificantly reduced 
by active treatments. Although this was 
also observed in one study6, we do not 
recommend weighing secretion as an 
indicator because of nasal blockage in 
perennial allergic rhinitis would become a 
factor. Instead, nasal albumin level, which 
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reflected vascular leakage, was another 
option that was decreased by 
antihistamines 31

•
32

. 

Adverse events found in our study 
were exclusively high, especially 
somnolence (up to 37% in each group). 
Other studies repotied fewer than 5% 1

• 

Some rep01ied high adverse events, but 
not over 33% with predominate of 
headache2

•
3

. Notably, the complex of 
fatigue, somnolence, dizziness, and 
headache sensationally laps over one 
another and they are often problematic in 
study non-sedating antihistamines. 
Somnolence and fatigue, which were 
greatly experienced in this study, likely 
resulted from continuous nasal challenge. 
Rather, the use of reaction threshold 
method than constantly high-dose a llergen 
exposure can relieve them33

• 

Conclusion 

All drugs were more effective than 
the placebo under an acute exposure 
s ituation. They preferably suppressed 
subjective hallmarks with fewer objective 
eva luations. The least symptom relief is 
nasal congestion. Cetirizine had the fastest 
onset. Differences among various 
antihistamines, other than time-to-onset, 
seemed to be present. Finally, all 
antihistamines were well tolerated. 
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REVIEWS 

Principles of Drug Prescribing in the Elderly 

Weerasak Muangpaisan 

Department of Preventive and Social Medicine, Faculty ,of Medicine, Siriraj Hospital, Mahidol 
University 

Abstract 

At the present time, the aging population is I 0.5 % of the total population in Thailand 
and 10.5% of this figure are the persons aged 80 years or over. The increasing rate of elderly 
population in Thailand is much more than that of the developed countries up to 3 times. This 
problem will unavoidably cause health problems; one of which is the drug-related problem. 
Elderly people have physiologic changes, multiple pathologies and medical problems as well 
as polypharmacy which bring about adverse effects from the treatment. This article 
summarizes the physiologic changes from aging process causing clinical problems in drug 
prescribing. It also includes inappropriate drug prescribing, drug interaction, age associated 
adverse reaction, and behavioral factors of the elderly that cause problems in drug 
administration. 

Key words e lderly, drug, prescribing, pharmacokinetics, pharmacodynamics, adverse 
effect, polypharmacy 
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ihrnQitim'lu~m'lm 

fll"HU~t.nm\Jf;l·3't11'3Lml"lf~f;l1JA1'1~i' 

r.fo~muiim'lL tl~mm tla~'1rn~~1~mu 1u "" . 
..J .., " ::1 " .. 

ni 'l't1'l::'l vi n1'l nut11 't1~ u mu n1 'l~ Yl'lfi.Jtll 

(absorption), nl'lO'l::'lltltll (distribution), Li.J­

Vl::Utii'!lli.J (metabolism) ua:: nl'lVUUltltll 
., tl.l ti O .J' A (elimination) LYltlnl'lL ntllJLL n~Ll1allJ'11vLnYI 

'llOnl'lL ti ~mm Un~ Vlli.J tilt.IL l~tl~ flUl~ L~tl1l1~'1 • 
LnviOJ1nm'lL tl~mmtla~vi1i.imu~1i.inu h~Qj1~ 1 • 
.iA.r d."f"' y .,i .l .. 1" 
't1LnvimJ'l1i.Jfl~uv'lmnviatii.itiu 1 l'ltn'lmrn vi 

nl'>Ltl~t1'ULLtln~'t11~Lllil°'ll'lalJAlllY1f~~ 4 mh~if 
vmi1 m'lvi vi:Si.im Lu uilv~u~ilm'lL tl~mJ LL tla~ 

" 
U'1tl~llY12'M 

• 

nl'lYIYl~Jltn (Absorption) 
" 

" q .c:, .cl' I ~I 
~Ill~ tlltl'l::i.J nl'lL Vli.J'IJlJ'IJti~mm1m uU 
\i" , 

. 1 .i .. n'lYIYll~ (pH) UO'>::Ll'11::tnl11'l 'l10nl'l't1i.J 
.. .i.. 1" atrophic gastritis 'l1i.Jfl~v10nl'>'t1i.ln1') 'lltllnYI 

mviL 'V1ti-rnH1hALL~rn1um::m1::mm'> L UlJollJ 

nT'Htl~titJLLtla~gu1m::uum~L~'Utnl11'l MLLn 

gastric emptying time 'lf1a~ Lifovimudfu~a11il 
"" ... . 1" . '1Yln~ m'>LAamJm'llti~m llavia~Lrn::v1u1m'lfa 

~mwifiii'lum'lviviwi.i 11Ja111laviM ti~ hnmi.i ., 
" t·mma1iJm::'t1uoitim'lY1Y1:Si.1mLLUU passive 

" 
\I I .o;il ' .J cA 

transfusion irnumn uvimrnn'>::'t1UY1'1tll't1i.Jnl'l 

vivi:SmLUU active transfusion mnni1 Lrn:: lviu 
" 
rl11J1l1ajmYi't'li'>Jnilm'>~Vl:SmLuu passive 

transfusion ~~'ti11l11liil~rnm::'t1umnirn't11~ 
Aai)n2,4,6 
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01'10"i::~1llll1 (Distribution) 

.. ' tl.J ti m"im::~1tJt11)Jr.Hwmm·n amm a~rn~ 

flailmHN r.ra~ mm i'.Ju mh~ mn tQ'lu,i°11 tlil~~u~ 
"" . 

QI I 4.1 q ti ~ 

)Jr.JilG1iln1'rn">::~1lJ011'1J!NlJ1)J 2 Q'l1\Jflil 

1. tl~)J1Gl'>n1'>0">::~1llol1'1Jil~ll1 (Volume 

of dislribution: Vd) 

2. Binding proteins 

1. tfiu1~1n11n1~91vc;J1va~v1 

(Volume of distribution: Vd) 

r.ra~ muilm">L ~"tumN lmju 1 u~1~01u 
'"' . 

" !'I 1 " v1n">vt1a:: 18 Luu 36 ur.ia~tnt1'1flmLa::v1n 
"" . 

fmm:: 33 LlJu 45 1u~~mql1~ (Lmmniiuu 

mq 20 ua:: 70 u) lu'IJru~ lean body mass 

" 1 " " ilQ'lil~''rnEJa:: 19 Ur.Jn~il1ll'lfllllla:: '>illlil:: 12 
"" ' 

1urJu~mql1~ mmm'IJD~Walef)JlilQ'lil~fullil:: 

8 ua::tn)J1Gl')'IJ~lr11umn1lJilQ'lil~fullil:: 17 

vlOillll 20 O~ 80 U4 r.lilLl1alif~~yj1llfm"> 
' 

m::~llol1'1J~m~a::mll Mm 1Jlmj1J (fat- soluble 
.r ... ~ ... .r 

drugs) mmnJ )Ju">mmm">n">~ltJGl1'1Ju~mu~'llu 

il r~a 1 li n1">'liu rl1tJtJ1 lol'ti1MLrn::u1vn1 l litJ1 

~ v .f " ".'I 1 " ' DDO(j'Yl!HG'l\JllJ'IJULL)J~u1ll Q'ILLfl loading dose 
.. l: .. .J .. ., ..Iv l"l: 

L 'r'llJ~fl'j~LQ'llJ1 'lf~v::)Jr.Jil)J100Ulll'Y1Glil~ l1m~ 

L~lJ1LlJmb~ 1 L°lfU analgesics ua:: hypnotics 
_, t I ~ I .J .roe... ~ 
Gl1illl1~L'l!U diazepam )JAlm~'lf1G1ll1lll1'1JUv1n 

24 .a-11"~LlJu go .a-1tm1mra~mu lmn~m~ 
"" ' 

... " • .J 1 ".. 1 !' ( OlJ'IJ1J.Jll10't)J'Ylil::mll Q'IQ'l Ulfl waler-soluble 
... ~ ... .J drugs) v::)Ju'>)J1Gl')nl">m::v1llGl1'1JD~lllilQ'lil~ 'lf~ 

v::ilr.iaoivm'> 111 loading dose olil~ 1l11!vua~ 
.J.1" ... 1 ..... L 'r'f')1::'1JU1G'lll1'Y1Yl1 l1')::Q'IUU1 ln'lalef)Jl()~')::Q'IU 

..i " :; " ' d' . 1· I . 'YlGl~nl'>lJlJUilllil~ L'l!U 1goxm, 1t 11um, Lrn:: 
• • !'I " 2 4 am111oglycos1des Lu\JGllJ ' 

Weerasak Muangpaisan 

2. Binding proteins 

lJ10a)J~~unurfauiJul1HailQ'ln~ tnvilll1 . " " 
lmtlilef">:: (free fom1)ff~~u rl'1~~mlliiilauilu 

" \l " 

1 uLavQ'l~1a~ r.ra~mllmvii~1ilauilu 1 mavQ'l~1 
"" ' " 

a~ 1ol'L~OUillltl1lLV~ll'H~ LLGio1iim1)JL&rnhll 

u1~ nth~ v1v.Yh 111 D'a\Jilu1 uLa DQ'l~1a~ mn 

ll10a)J~LlJUmG'l (acidic drugs) mviillllU">tl . " 
... .r • 1 ...... ... ... 1 " Dn"i::mn'IJU'Yll l1)J Lil01'1LOG'l\'4'Hv10ll1 Q'l 

... ' .J ... ii JC, " .J .. tl.J 
Gl1D~lJ1'Ylil1vLnQ'l fljl11\JlG'l)J10 l)Jil)Jnl')L illJU 

LLtl~'IJ~')::~UDil\jihJluLailQ'l Mun warfarin, 

digoxin, phenytoin, naproxen, tolbutamide ua:: 

thyroid hom10ne2
'
4 

ffll1fo alpha-1 acid glycoprolein LUlJ 

binding protein 11nailG'l~LlJU acute phase 

.. ... .J .J.. tl.J ti 1" reactant protein D0011l1U~'Yl)Jnl'>L illl\JLL a~ Q'l 

.J .. ... 1··'1 " .. !' " " ..r L)Ju)Jnl'>umau n l1)Jl1"iilU1'>uuain nm)JLUil 

ii lvmu m lvi1u LVl~Unl">r.hoi'G'l hfltlilQ'lilQ'l 
' 

l: .K ... 1 .. .,, "'1 d 2 4 
OUL"iil'>~ "ifln)Jil~'IJlQ'!LailQ'l l1"iDJI "ifl)J::L"i~ ' 

t .. . ~ .r .. • 1 " ' .J !'1 • G'lfJv::)Jfl1L \'4)J'IJlJLLil ::)J r~il'Yll l1fJ10il)J'YlL ulJG'll~ . 
(basic drugs) Liu beta-blockers, lidocaine, 

...... 1 .. J' 
quinidine, tricyclic antidepressants vunu tl">01u1J 

mntu mh~ 1 ~nQ'll)Jfl1l)Jffl~fll'Yl~flailm1~ hi 
1f'Q'!Lvmrn

2
•
4

•
6 

01 ') L ti~ lJ lJLL ti il~'IJ D~ 01'>~U'1J D~ fJ1 OU 

binding proleins il1vnl 1 liilr.iaoiunl'> ltimLrlu 

L~" 1tim L tl~uuLLtliN'IJ\JlQ'lm 1ol'm~mvum~unu 
binding protein -.,~mrluiinrntl~fJULLtl~">::~u'IJ~ 
1tl">Oi1Jlu1at1Q'l mh~ 1 ">nmm~~'Jlffil1lJ'lJ~lJ1~ 
DV1lJ">tliln">::UilVni1 h">tlmniJ (bound form) 

" " " ... I " " " ..J ., .. ..i .. Lm::mv::onm• mu">LLa::L'lJltin)JQ'lnlll'YllJ'Yl L)JDJ.J 
" " . 

.., .. ,.J .,. y 
')::Q'IU binding proteins aG'la~l1'>il90LLtl~'YlvU LQ'ltl 

d ., l; tl.J ti «::it,.r:i. .J.., 
lllillJ Q'l~lJUnl'>L illJULL il~'Yll~flilUO'Yl'lfQ'!LvlJ 

4C1ri. d I .d ""I. 

v:: LO Q'IOGl il L)J il 0')::U1lJ Ol'>L)JYl::UDilaJJLLa::nl') 

'liurl1um 1Q'luoi'rnrn:: 1vium•du~~1iiol'1ll2 '9 
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inil't1~il11fl1ilAf n1mfoum1tla~ 

llJf\~UDftillJ 

nmiuchuui 

J. \{11ifl11rn1jflil11ui 

J. 011 l1m1'iu111iinAif11.hil'u~1hlil' 

J_ Lean body mass llilZ Vd llO~UlflQ'ununi\1mif n 

J. 1:A'uii'11\!ilul111iiDt1 

t cx,-acid glycoprotcin 

J. firsl pass mclubolism 

J. 111A=unililuflii'uuilHoonil1t1ti'u 

111 t1~uDlii111flA'uuilfl11Du21nti'11l1h\Jffuu11tl1N 

UICil::Utl~IUl'llfl.:Jt.11 (Melabolism) 

Q, ~q J' .., " 
mu.mi l>J mHnu JJ1 nmni1 (I'll fl.:J OJU(I Yl(l.:J 'HHrn:: • 
20- 50 1u~fo~mu~ihnu so \hm::m'lhrnliuu 

"" ' ' 
"' .J J' ., t .I 'IHN l(I fl YIYl>Jl l(l[J.:j OlU (IYJ(I~ YIU(IYJ('l.:j u '):: m ru 

" :: ' ~,.r ltl'o 11 J 'lt1ua:: 1 01.:JllGHn~ 30 u'lnJ · ua::rnt1 

lmurnYium::l-d~mmit1uni1 40 tlua::mnni1 • 
~·J' ltl • 1 .. .. .J J' .. 65 u'IJ'U l'nJ11n1'l '\.rnl1U'UL(lflYl'r1JJ1l(IU.:JG1U 

a01a~-i't1ua:: 35
8 m">aY1MB'Uif ijm1mh~ty'r11.:J 

Q,Q d .,.J..,. 
~ia'Un llm~v10U1U1~G11'r1JJ first - pass hepalic 

Clll At. .J., Q, d 
metabolism l1'ltll>JG1::Ufl(ltf>J'r1G1U'11'UYl'>1Yll'>1llln 

... .. .J' d .. .i.. 2• 
v::JJ 'l::01ua~'1J'Ul>J tll>JGJ::urrn a>JY101ua 01a~ • 

" 
ol'1mh~m1lmrl>Jif lff1J propanolol, labetalol, • 
meloprolol, verapamil, nifedipine, tricyclic 

antidepressants, lidocaine ua::mn~JJ opioids 

l1a1uoi'1 l'lilJ morphine, meperidine
10 

'Ut1nv1n 
l: v .. • .. .J .. ti "'ltl 
mma~mumv>Jn1'>Yl1~1'U'IJCNGJUYlt~YI n01 v1n 

\iV , 
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Uillll~Aliiln A1il01~U1 

l1hmu111111<11A'cu11r111iHln 
l1hmu111111<11A'cu1rn11lliln 

Ke1oconuole 

l1raconazole 

Ferrous sulphale 

t ti111~~ii'it1t10~Ulflil~il1Uhi'Mu Diaz..cpam, Ourazepam 

h1iu 

t ffl11JlllllHUll0~1:AUUlflil:il1U 
lfiftlmh 

J. tl1mcuUlih1r11f~111n 
J.t11111cuuifl~unult11fiu (acidic 

drugs) 

t tfimcutnAfunulthfiu (lxi.\ic 

Mis) 

Ethanol 

Digoxin 

Phenytoin, warfarin 

Lidocaine, propanolol 

tbioavailabilily llO~U1~ft1 Labclalol, prnpanolol 

t fi111~~lliAUlfl1hun1~U11Jn11if Diaz..cpam, Ournu pam 

flifl~~iiifltJl~Ui\ln'i::uiuni'iif Oxazcpam, 1riazolan1 

l1iltlffuu11tla~ 
fi1111~lliAUlrlii'n~iluirnlAU11Bu Digoxin, gcnlamicin, 

ACE inhibilors 

hmh~ 1 ~lnYl~lJ l'li'U hAol'uv1nfl'ant1llm( 

ua::hmi'uuv.:J llluGiu ~~v::ij~rnoim>J01::ut1~ 
tf>J'!Jfl~U1L'lf'Un1J 

tlfimmm">L>Joi::tman>Jm~Gi'uii 2 '11u01il.:Jif 

Phase I (Oxidative reaction) lU1Jm::m'IJ 
.J.., .J .... , 

n1'>'r1tl1AU cytochrome P450 (CYP450) 'lf.:J>Jfl~ 

11J smooth endoplasmic reticulum 'IJ&:ll'1moi'u101u 

CYP450 ol'1~il1~tyl~uri CYP 3A4 ft1ua:: 60 
.. _, .J .. 

'lltM cytochrome v::>Jiv1n01u tt1'1J'r1ll1at1JJ1-o;i1n 

~i lal~n l01Lm::a>Jt1~ mffifi~1mumnmA'u 
1 .. ti"'"'"' J' cytochrome 'Ul>JOJ::ut1atf>JLLa:: !)n'>Ul'IJ(IYln~ 

l llut1u1.:Jmn 1u~ia.:J1nu~~ijr.mn1 l 'If m~Git1~r.i1u 
"" . 

A Q, .r &f I .J • &fA ..J 3 1" 
LJJGJ::ut1atf>J'11'IJY1mnv>Jmm~'111GJu1Y1m1'1J'U G1 

ol1i.lU1~fJ11lrnrl>Jif l'li'U diazepam, alprazolam, • 
midazolam, flurazepam, trazodone, phenytoin, 

imipramine, 

piroxicam, 

quinidine 

desipramine, 

celecoxib, 

l \Juoiu 2,s 

chlordiazepoxide, 

theophylline ua:: 
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P/lase 11 (Conjugatfre/ syntllctic reaction) 

~· .J ... l ut1m::int1ffl'l'r1 conjugate tJll1'lil metabolite 

'lrn~mnu organic substrates(acetylation, 

glucuronidation, sulfation um: glycine 

conjugation) .r.. ti"' ti m::mum'lWJffl'll amm a~ 

1!vu 1 ur.ia'3mu m~r.h1m'l::uium'lif ~'3 hHM1 
'"' . 

.J ..... ~.J' ' 
m~tl10lll'l).J'/J'IJ l'l11J lorazepam, oxazepam, 

isoniazid ua:: procainamide llluol'u
2

'
6 

um1u 

glucuronidation m~iiffl'llU~U'UllUiN lQ)'"1n 1u~~ 

Weerasak Muangpaisan 

.J.. .._ ... 
m~Yl).Jll11::flYl u 1'111J1ffl'll1'liltn~mn 1 (extreme 

old age) 
:: " .J.,. 

1rnn~1nmma1m'l'r1).J induction Lm:: 

inhibition 'lltl'3L~uoHm.f CYP450 El'3LU1J1J~~U 
.Jq • - ..,. "' • 1 ~ 
'r1m·JaOlilffl'llJ.JY1::urrnaJ.Ju1vnmu nu~ 'lnY11J.J 

tl
.J ti .. .J., 1 n1'll au1rn (1'3'/Jil'3l).JOl::UD(ICf).JU1YIOlU ll 

" .J' ., ., ... .J 
r.m~mu mmum'lavm'3'/JD'3>.J1aY1rnrn::mv~'r1 
'"' . J'..,, I .J • d._,.-..J 
).J1 la U'3 Ol umn n11n1')Yln1'l'r11'311l'/J tH LDWl!EJ).JYI 

ol'ua~a~•.s 

011'11'3~ 2 llCl~'3ol1ilU1'3tJl~iir.rn induction· l1~D inhibition '/JD-3 CYP4 50 ( CYP 3A4 )
2 

Anti fungal 

Antibiotics 

Antidepressants 

Miscellaneous 

Inhibitors 

Fluconazole 
Itraconazole 
Ketoconazole 

Clarithromycin 
Erythromycin 
Metronidazole 
Norfloxacin 

SSRI (fluoxetine) 
Nefazodone 

Omeprazole 
Protease inhibitors 
Cimetidine 

n1'lirnhuu1 (Elimination) 

rJ1uffiY1 (glomerular filtration rate: GFR) Lla:: 

n1'll°11'31'U'/Jil~l1nil~ lvi
12 n1'l~U01UU1Yl1'310lii 

_,, U .,.., I • .J 
Vlll).JCf).Jl'llJi>num creatinme clearance '1!'3a~a~ 

Anticonvulsants 

Antibiotics 

Miscellaneous 

Inducers 

Phenobarbital 
Carbamazepine 
Phenytoin 

Rifampicin 

Troglitazone 

.,, "' 1 " .., Cll • 
L'Ui.H~1nl1U'3 lJCf1).J'llil'31\JCl'3il1UUUln1'l'r11'31U 

"" . 
l do VtlA 1d V ... 

'llil~ YIYIVIDU'/J1'3 nvi llY1llJil'3~1mm~mu" lean 
"" . 

body mass a~a'3~'3l'11lli'~h creatinine clearance 

Cf'3ffhm1m\Ju~~~~'3iim'llfi Cockcroft - Gault 
" 

i'nua:: 50 ~im:nu 25 tln'3 85 tl
2 ilUl~ hn formula lum'l~1mrum~1 creatinine clearance • 

onm1~~uQ)'11rn1m Yiu'3 vti1'3 Laiu1 lliaiJ.J1·rn ltru'3 ~mi~~~ t~uiia"m'l~~if 13 

• 
Creatinine clearance= (140- mu (ti)) x J1l1UO (ntani'J.J) x (0.85 d1l1i'urJl1qj~) 

72 x 'i::~u serum creatinin 

m'iL tl~umL ti a'3'1J D'3 m'il°11'31u'llv'3 lviii m'iL tl~uuu tlM L l1~1if iir.rnn'i::riunum 

....$ .., -- ti 41 2 .J .... ., ' ., 1 t . .J .. 
m1J.JnlV1t1JY1l~V1aun 2 'i::m'iVID YIJ.Jn1'i'l1Ufl1Ul1an'r11'3 vi ~m11m:: nq).Jt:11YIJ.J 

' .J..... ..f .J 
1. Fl1Vl'i'3'1f1Yl'llil'3Ul'Ul'U'/JU narrow therapeutic index L·o1J digoxin, 

aminoglycosides, lithium, chlorpropamide ua:: 
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cimetidine ~·HllvLn01~rn'll1~L?itwnnm l~o1 l,j 
u-rtm01'1lin01ma~2•5 

ni·n tJ~mm ti a~m~ Lllil'l1\'4ama01{L i'.lu 
fil'jfln1:11o~r.iamMmoit1G11LL'l1U~t1t1nqriB ~~ 

u~iin1'jflfii:t11 utra~mu hh.nmrmrlmYiuunu 
'"' ' 

fil'jfln1:11l'J~1m11a'11vauma01{4 fl1'jLtl~uu 
LL tla~~~-j'\Jfi1'jflfi'lfl~1\J\f )J1fi l~LLfi 'j~\J\Jfil'j 
1'11m1mJlal101 (cardiovascular system) LLa~ 

')~\J\JU')~a1ri (central nervous system) 101uli'1 

1uLLU~n1')LU~tJULLtla~dtitimi'.lu 2 ilU1~~lt)4 ' 14 

1. nrmldvuutlt1~mw11~vv1 Ln01 

v1fifl1')LU~mmtla~'IJu~~1\ntJ receptor, affinity 
... .J .r 

'11')u post-receptor response fll')LtlaumLtla~u 

· 1" - ' J' tl1vYl1 '11Lfi01fi1')01tl\J({Utl~Oltltl1"1n'IJU'l1~tl 

avi~ ol1ilffMr.J(lfil'jLtl~tJULLtl~d l~LLO tr~mu 
uu ' 

v~iimwmuau~oium beta-blockers Lm~ beta-

agonists aoi~ oiuuau~oiu furosemide aoia~ 
I "" cA .Jq I 

fil'jO'J[)\JalJ~Olil1A'l1UYIUOla01~ LLOlfil')Olu\JilU~ 

oiu benzodiaz.epine, opioids, metoclopramide, 

dopamine agonists, levodopa, oral anticoagulants 

LLa~ traditional neuroleptics mn~u 
,.J 

2. nT'iL tlt1vuu tlt1~?Jil~ n wuwnT'i 
.cl.. J -

n1~if'innv1um: homeostasis nLMH11nil1V 
.J I .J' <Cill I f 

fil'jL tJauuLL tla~ 1u'j~\J\JL '11n1\Jv~" r.iaornm'j 

~v1')nn1tfm L'li1J 

- m1"N01tloo'IJ~'j~\J\Jtl'j~il1riil011u>1G1 

li11 l1~ij~ mqiffommnoiil(\Jm orthostasis LL a~ 

bowel/bladder dysfunction fl1')1tfma01m1"oi'1J 

t 4' .J... 1 V - I I n'1101Yl"r.Ja '11LnVIU1fl1') orthostasis ~ltl L'l1U 

alpha-blockers, vasodilators LLa~ tricyclic 

'd ... .J anll epressants '11')iltl1YlnVI intravascular volume 

L'liU diuretics Wolm')~>JV1')ti~LiJ1rnu1~"1n 1u 
.J ... .J... "' 

'1Jru~Yltl1\J1~Vl1Yl"'lYl5 anticholinergic activity 

t11vli11 l1rJij~il1QLOVI urinary retention LLn~ 

constipation 1~ 
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- m1"N01tlnG1'1Ju~'j~\JumuA"uru'l111ii 
' ' u 

V q I .J 
nltl ~ij~mq"fl1'jVlil\Jalrn~Vliln1')LUatJULLUa~ 

'llu~~rul1JJilLnV1au" 1V1'1,j~ 1mh~~iimmA 
-i'uurJij~mq 1,jai"1'jm~im1'j 1'11m1umauVI1 ti 

~f.hmr~ l~L '11i'.iuuAuml"m1ua~m1"mm'jn 
' 

1 ~ ,j 1 . .J... d .. 
Ufl1')'11n~L'l1~uaV1a~ U'l11~ri"mmAmur.ia~ uu 

ill qv~ii n1 'j a VI a~'IJ [)~ tJ D n~u1 fi1')'11 VI ol1'1J [)~ 
d ~ I -.,, 

'11auVI LauVILLn~fl1')({U'IJu~'j1~ mu mm~ mmv 

li11l1~ij~il1QLOVI hypothermia '11~il hyperthcmlia 

l~lEJ L'liu neuroleptics 
.J ... 

fil'jf'l"fl1')aV1a~?Ju~m1"aim')n'IJu~ 

.. .J... .1.J 
a)JU~ LfiVlvlfifll')Yl"fil'H untlULLUa~'IJil~al') 

~utl')~alYI (neurotransmitters) LLa~ receptors 

L'liu iim')aVl~'IJ~ 0
2 

receptors Lrn~ 

acetylcholine m1l1~~mqmvLOOl parkinsonism 

1~1uv1nmn~" D2 antagonists LLa~U~LOVI l~ 

1rnmhmrn~"a11LL>7'11qV1m 1 ULLa1 nm"LLa~rr 
u 

<:l .. ... l"' "1" .J .. "' \J~u1qmvLnV1m1~auau V1~1um V1t11ri"qr15 

anticholinergic activit/ 

- m1"NV1tlnG1l1m1')muvi"m'jm~oi'1 

ii'l1a1uai L 'l101~n1 l l1m"jri'j~oi'1'1Ju~·~ra~mu hi~ 
' v v ' 

m'j l~muw11ilV1mvL '~" lummn~m'j'l1na"1u 
~ij~mq L'liu mn~" sedatives, m~m 1 l1LnVI 

orthostasis ~'lfNoi'u Li'.IUol\J 

- Glucose intolerance ~~mvli11l1tla~ 
QI .... !' J' v J "' "'" 

mq"')~Vl\J1nVl1'1ij~'ll\J lVI l"u lVlm thiazide 

diuretics LLa~ steroids 

- Immunosenescence u1v\'i11im')Olu\J 

au u~ oi u n1 'jfi'j~oi'un ilfl' "nu~1u1A?i\J 1,j~ 
' u ' 

Ll'i1AU'l1U"a11 
' 

- fil'jLtl~vmLtla~'IJu~'j~oi'ullu{("u ~ra~ vu 
QI ..,:, .J' 

il1Qillv"fl1')L\'rn'IJU'llil~ hypothalamic osmostat 

sensitivity ~~li11l1iifl1')'11i~'1Jil~ antidiuretic 

h ( ) 16 ~ .J' 1 '" ,j l ,,u • ormone ADH L\'rn'IJ\J Vl~lvrnu Vl')\JEJlna" 
' 

chlorpropamide, carbamazepine Lrn~ tricyclic 
'd ... .J" ... anti epressants '11')ufl1')Ylf·la~illtlillvlJn1')'1Vla~ 

u" ' 

'IJW androge1lic honnone ~illvLOVI gynecoma~tia 
~ ,, .J u 1" 

vlfifil')L'lfmriam~Vl\J androgenic hormone VI 

L'lilJ spironolactone LLa~ digoxin 
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(Inappropriate drug prescribing in the 

elderly) 

ni')~-l1'lfmmh-l hiL mn~all1 'IJ~\j-lillq 
mv'ti11 iLnviil'lJmLLYl')n'limJoi1-l 1011mn ~.., 

t .J ".'I ~I '.Jl '1 .,., 
v1nu1L!Nllil~v1n ')flmlu1EJLu'\HlEJYl ll Yl')U ., ., 

oi'1Du1..,n1')~..,1'lfu1mtJ 

J ... t "'t- .. blockers LYm')ffl:fl ')flfl11llYl'\J illWl~l1')ililln1') 
' " .. "'1 "' 1 v.J~ LL'\J'\Jl\'\Jlilnvlnl\ailYILililYll\1 vOlU '\JC;jYllJ~'jfl 

U')~..Slol1L U'\J t 'jfll\ DU ii Yll\~il t 'jfll11 h11EJ~U-l 
muviiiltJl~&i tY1EJEJ1 beta-blockers illvn'l~ol'\J • • 
1 il1aDY1aii&iull~Dl11 h11umn~'IJ iinoi'1DU1-l 
.J 1".. 1" . . .J "' Yl\'iU YI Ail nl'l l\EJ1 benzodrnzepme YlililOf)'Ylli 

m1i'm:11mm'l'\Jil'IJ 1l1l1~u mv'ti11i~{j-lillq 
V IV "" d V QI Q.I 

l!naii arnnJ 01viu1l1'lrHlll!~vimn'l~Yl'\Jl1'\Jillv 

LOYlillnl'lflil'\JEJl LU'\Jol'\J 

aiL l!Ol'llD-lm')~_, Hmmh-l ltJL l1m~aii 1 'IJ 
ti f , ~ .... " .r4 16,17,18 
r.1~mmLmDDmll'IJ 3 '11Ll!Oll1an ~'\Jflil 
"" . ' 
1. 01'll~EJl~iiF'l113JLritHij-3ffl'Hi'U~ij-3il1~ 

.. ~1" .J (High risk medications) l\J.JlEJfl-l nl'l'1-l '1!EJ1Yl 

iim1iiLriu_,a..,~v~Lnvir.1a'll1-lL~EJ-lmnni1Lnvi ., 
th~ tumr .,,~Dm~~.., tY1u ltJii'llm.i..,~m..,viailn~ 
WYILv'IJltlLllu ltlOl1llmm~1um-lnTm\'lYJEl l1~il 

« .J "' .J 1 " .J .'I ~I illvL U'IJEJ1'YIA1'lllil mau-l urj\J-l ill~Yl u1m u \J 

hviul-lilUl-l (drug-disease interaction) LLa~il 

fan1mnvitll}n~m'l~l1i1-lmnul~ (drug-drug 
.J o 1 ... V tl-A.'°'ll. I 

interaction) 'lf-lv~na11 'IJ'lfl'llfl !)n'lEJl'l~ml-l 

moiD ltl m~iim1iiLrirn~mvm1imt1mmnvir.m 
' ., 

" ... 1" · 1" 1n .i 3 '111-lLAEJ-l YIUflEJ YILL'1~ 1 '\JOllmYl 

2. 01'lL~u1i1i1n'\Jl1altJ'lffivivrfai1ti'IJ 
• ::'t ) .. ..J 3J1nLO'\JA113Jv1Lu'\J (Polypharmacy flflnl'l'YI 

rr'1-lil1EJ 1~foEJ1llil1EJ'1!UYIY4i'ullO'\J 1viut11v 

~~1u~~01')~l~mii1nni1~rlvt1u..,~m..,Aafin 
l\~flnl'liiL~fommtJ~1LU'\J ll~il 1uU1-lLL l'i-l 

.. .J.i ....., z; ' - J' lt118 11rnurn nl')YlLmum~LLOl 3- 5 'l!UOl'll'\J 

t1u1.., 1 'lnmiim'luuwuvi'llv-l u1 L l~u.., t1fi1..,L~u1 

u1v hl1~u..,ut1 ni1 r.ra.., muv~Lnmrn Lauv1nm'l 
"" ' 
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Y4i't1iinumv'ti11 iLnvir.1a'll1-lL~EJ-lv1 nm 

tll}n':jm'l~l1i1..,mmntf'IJ 

fflmOl'lliHn1'lL~mi1i1nul1mu'1lilviv1i't1ll • 
0'1Jii~-lil~lfl8'16 

• Multiple pathology rJu-lm~J.i'nffi'lfl 

J1EJ l'!lL~Ul1alEJflU1-l~1EJn'\J L'li'IJ hflLU1'1111'\J 

hvim1ll~'IJ1ai10ln-l 1'11>!u1mat10ln-l t'lvi11auY1 ., ., 
LaDvil111v&iu Luuoi'u ~..,.,;,1ir.fa..,mu~..,~1Lllu .,., . 
oltM l~fou1fotfll1alU'l1UOl 

• Unnecessary medications vln 2 '11Ll1Qj 

- iJ9:ftJm'3;1wmntf oi'1t1fi1-lL'liu 
..... t".J ~ 1 n. LL\'4YlEJillvllLL'\J1 \JllYl;,)~'1-lEJl \Jnl') 

i'mn'Ylnm1~l'i~t1 t 'jflflULL~1 . " 
'11. Llvmumv 1'lfm 1um')i'mnmm'lrnn 

ni1mmL l10lilil101')L0Ylvlnfl~ 1'lLla::~lLUU~fl-l1~ • 
mfo1~nl1~fl ltJ 1YIEJU1-lll11~ liJ~1LtJ'\JQ]u.:i lITTUEJ1 

i'm:n Ldu-lv10illvLU'\Jll11~LOYIOlllltln011~l1~fl 
mvLLnl'111vi'1vium'li'mn tviu 1ii1'lfmnl~ L'liu 

.J 1" .,j y ... " 
gravitational edema 'lf-l\'4U YILllflN'1-lfllEJl1flEJLm .,., . 
'\Jl'\J 'l ua~lii~1(\Juoi't1-ll~ diuretics l1~iln1'l~rJ~ 
muumJ1tll1~u mv 1ii1~LU'\Jm')'lrnuliiLwrnvrn • 
v~ vi1'l 1ITTum'lmn1Ll10lLLa~Lln1'1110lutlfom1i1 . 
"1 . .,j t 1 '. L'111 vLLarnu~mL'lil-l sleep hygiene YIU llvl 

LU'IJ Gi't1-lH'mtimJ 'lrnnv1mfumm'lv1nr.rn'll1-l 

\ 
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iJ9;J'v~1urJ'ihmfH L'2iu rSihvii 
v " 

m1i.ffn01l-!i'-11i1m'l l~H'unl"j~mfloi1mn r.ltJ1u 
" 

fotJ 'l::l111J EJ1V iM mn~n VI') ii u VI '51\-l~il l v1 ilU 

L di1-11v1m~ili1'11v:: loir.mai L \Juoiu 

1 l: " • Health care system UU1-llVl'l-11Cj~il1Q 

mv lo1fom'l~n'l:l1v1nl-!a1mLl-i-11 n1LL vmv1i.irinu 

11~rt11u 1~um'l-5n'l:ll~gumrn h mvm 1l1iim'l 
" 

~-11mtviimrn~il 1 l1m~Ln01tJl)mm'l::l-li1-11nu M 
"l " " ' ..I • !'I 3. 01'l L'lftl1Uiltl01Ttlv1Luu 

(Underutilization of medications)
18 

m.nuo-11 m'l li.il01'1l1m~ihi'm.i-11tlim1'l-5n"1:11 
\-l~i!Uil./IOU hV1uri~lu1tJ 101EJEJl~llWY1Ui7n 1J.J1o1 

" 
~ 1l1LLrir.lu1u~~iim1J.J~1L \Ju~\·1utii1ua01 Muri " . 
m ferrous sulphate '11l-!forJu1u 1a~01v1-11v1nm01 
ITTOlLl-l~n, maoilm1u, m-50"1:11l'lV1LVlm1u mi::m • 
vmvmrnoiaJ.J '11l-lfomgu~m~Y1tf>Jn li.iloi~ 1'11~ 
\'iuloi Muri mLLOU101, potassium supplement 

.. 'i' " m1:: m'l::Vlf.I u1-11m1::\-l'lil L'lVIVil-llCJij-llil1Qil1v 

li.ilo1fom'l-5n"1:11~rnJ.J1 ::aJ.J L'2i1J hV1m1J.J~u 
1a~Olij-11'1fUOl isolated systolic hypertension hri:SJ.J 

LAn Lrn::ui-11V1f-11mv li.il01'1 l1murirSu1u~~ii'llil 
" 

ti-1111' L'2iu 01'lli.il01'1l1 warfarin 1tJ~lU1tJ atrial 
" 

fibrillation L \Juoi'tJ 

t1fimt11'l::'Hi1'3m (Drug interaction) 

LLt.i-ll ilil mtlu 
1. Pharmacokinetic interaction 

4 

m::uiim1'loi1-111 'llil-llLJHl'lfvaumaoif 
.. .1..I • I 4 ~ ..1.. ' l: il1vJ.J01'lL uamm u a-11v1nml-l'lil n-llYIJ.J C·rn oimrn 

01mrnil-11 Lmt'1fvmm1a01f 1o1 L'2iu 

m'lli phenytoin m-11mull1mm'lv:: 

aoi bioavailability VtNma-1121 

- fJ1 antacids, high-fiber supplements, 

cholesterol- binding resin, cholestyramine illv 
ct .J q -.I I 

n0101'l~Ol'21J.JEJlilU 1 ilnl-!mum L'lfU tricyclic 
!11 " 9 antidepressants luUOlU . 

m~ii anticholinergic properties illv 
.. ..I . 1 " .. 

n0101'l~Ol'l1J.Jtlil-llEJ1 levodopa v1001'lYIYl1 \-IJ.J 
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delayed gastric emptying Lrn:: gastric 

metabolism Vil-llEJl levodopa9 

- Multivalent cations L'2iu antacids, 

sucralfate, iron Lrn:: calcium supplement v::aoi 

bioavailability 11il-llU1 tetracycline Lrn:: 

quinolone LUUolU 
., • .J.., ., . . 

mU1-11011v::LLE.l-llYlvUOU bmdmg proteins 

L'2fU salicylate, phenytoin Un:: valproic acid mllf 
..I ' .J., .... ~ ~ ' 1 <1 mY1onumY1v\Jmuila'l::(f-llmJ ilm-11 'lnomJ 
" " " 

tJl)mmif i.Jn l;Jiim1J.Jm~cyY11-11V1aumnm!n 4 

- m~iir.m1tJOl'l induction \-!~ii inhibition 
..1... ... ..I 

Vil-II CYP450 YIOlU Ol-11011'l1-llYI 2 
..I ,f., l: ... • .}i • 

- tl1YlililO(]Yl!ifJ\JEJ-llOWZlUOlfJtl1YILGl L'lf\J 
CV l: CV I ~ 

indomeUiacin uumnwuumum methotrexate YILOl 
..oi cvl: ..,, .Jl \-l'lil quinidine tJ\JEJ-llOW1J\J01EJ digoxin YI 01 

LU1JolU 

2. Pharmacodynamic interaction 

mU1-11~1mvLu~mmtJa-11m'lGli1Uaui1-11'/Jil-ll 
fNmu~ilmiln~1\-ld-11M L'2iu m'l1'lfm~~q'r15 
anticholinergic activity 2 ~1l11-i'ilJ.J01J illvn11l1 
Ln011m::auau U(f"11::llJi1iln nil-llC·ml01022 m'lH' 

" 
m beta-blockers nu verapamil l!~il diltiazem 

mvn11l1Ln~ bradycardia lo1J.J1n1fu LlJuoiu 

3. Drug-disease interaction 

EJ1 \J1-ll tiU 01 ill vn11 \-ll 'lVI U1-ll ii V1-ll l \J ll 

mntu m1::himm:::~v::lmuU1-111'lVI ~Ltiu 
u1o11ufl'mau'tlu011J.J1'2iaLOiu'lilf.I~ (nonsteroidal 

anti - inflammatory drugs: NSAIDs) mvn11lf 

m1J.J~ula~01n-11t1J m1::i1 lv11m\Jumntu 
" 

Ln01mrnllm'l::LW1::mm'l mnaJ.J thiazide . 
diuretics mvn1 l l1'l::~um01u~na-11tuua::iim'l 

" " 
n1L~\J1lil-ll hV1Ln1lf tJ1 decongestant~, theophyJ·­

line, beta agonists Lrn:: selective serotonin 

reuptake inhibitors mvn1 ll1~u1uui1u himl'u 

Ul chlorpromazine, clozapine, thioridazine 

il1vn11lfr.li'J1utinlo1 LlJU~U 19 '20 GllTI-11~ 4 
" 

a 4Y • .J q ' un01-110-111111 ::\-1 'l ii L 'l V1m-11 ii v1-11 YI il1v mrnoi ii 
drug-disease interaction 
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ANTJHIST AMINES 
Chlorpheniramine, Cyproheptadine, Dexchlorpheniramine maleate, 
Diphenhydramine, Hydroxyzine, Promethazine hydrochloride, 
Tripelennamine hydrochloride 

BLOOD PRODUCTS/MODIFIERSNOLUME EXPANDERS 
Platelet Aggregation Inhibitors 
Dipyridamole, Ticlopidine 

CARDIOVASCULAR 
Antihypertensive 
Methyldopa, Reserpine 

Peripheral Vasodilators 
Cyclandelate, Ergoloid mesylate, Nylidrin, Niacin, Pentoxifylline 
Antia nhyth m ics 
Disopyramide 

CNS AGENTS 
Narcotics 
Meperidine, Pentazocine, Propoxyphene 
Sedative or Hypnotic Agents 
Barbiturates (exception Phenobarbital) 
Short and Long Half-Life Benzodiazepines 
Chlordiazepoxide, Diazepam, Flurazepam, Triazolam, Meprobamate 
Antidepressants 
Amitriptyline, Doxepin, Imipramine 
Combination Antidepressants/Antipsychotics 
Amitriptyline/Perphenazine 

GASTRIC 
Antiemetics 
Trimethobenzamide 
Anticholinergic/ Antispasmodics 
Bellado1ma, Clidinium, Dicyclomine, Hyoscyamine, Propantheline 
Antidiarrheal 
Diphenoxylate 

GENITOURINARY 
Antispasmodics 
Oxybutynin 

HORMONES/SYNTHETICS/MODIFIERS 
Oral hypoglycemic Agents 
Chlorpropamide 

MUSCULOSKELETAL 
Non-Salicylate Non-Steroidal Anti-Inflammatory Drugs 
Jndomethacin, Ketorolac, Mefenamic acid, Piroxicam, Phenylbutazone 
Skeletal Muscle Relaxants 

Weerasak Muangpaisan 

Carisoprodol, Chlorzoxazone, Cyclobenzaprine, Metaxalone, Methocarbamol, 
Orphenadrine 
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t'jA lll 
... .. 

t.ln'll1'3lAlJ'3 

Dementia 
Psychotropic drugs, levodopa, Confusion, delirium 
antiepileptic agents 

Glaucoma Antimuscarinic drugs Acute glaucoma 
Congestive heaii Beta-blockers, verapamil Acute cardiac decompensation 
failure 
Cardiac conduction Tricyclic antidepressants Heart block 
disorders 
Hypertension NSAIDS Blood pressure increase 
Peripheral vasculai· Beta-blockers Intermittent claudication 
disease 
COPD Beta-blockers Bronchoconstriction 

Opiates Respiratory depression 
Cluonic renal NSAIDS, contrast agents, Acute renal failure 
impairment aminoglycosides 
Diabetes mellitus Diuretics, prednisolone Hyperglycemia 
BPH Antimuscarinic agents Urinary retention 
Depression Beta-blockers, centrally-acting Precipitation or exacerbation 

antihypertensives, alcohol, of depression 
benzodiazepine, steroids 

Hypokalemia Digoxin Cardiac arrhythmias 
Peptic ulcer NSAIDS, anticoagulants Gastrointestinal bleeding 
Parkinson disease Metoclopramide, neuroleptics Parkinsonism 
Cataract Corticosteroids Worsening of cataract 

" '" .J .... _,.J _, 
f-Hl°lJ1\I L'°HH £.ll'YI Lfl~OJ1 fl fl TH u GI UU LL u Gl\I 1 " • ".'I ' .,j J ' 1-1 1J C;!ij-3 tn~LL01n011'3vl n ~ u1vmp.rnt1'r1LYIU u'r11'3 

?JeNfl1U (Age associated adverse reaction) , tJn fl~Vl'r11'3 t'i1l1U'3 LLn::: ill OT'> tiY1tJ n 011 lJ 'j:::UU 

4 23 " .,. 1 " J" 'r11'3LYllJtl1lfl'j C.lil'IJ1'3LAV'3 lJC.H'f'3tl1£J'r1C.HHtl1£J "" , "" , 
u an 1~ Lt>·HJ nv::: L {Ju t>lfll'j r:J Y1tJ nQi1 lJ'r11'3 L&11J 

2.fi 1.Jf'1 " " _, 
tl1'H1'> LLOl'r1L u1Hll L l10l'/Jtl'3 fll'>L'!Jl'>Ufll'>'>fl'lfl 

1 lJ L '>'3YW1U1nLOYlv1 nm1>JtiY1tJ nohrn'3YllHO~tl • 
Ldun:::">:::uu 1l1m1fllJ1nl101>J1n~a0125 

1t1U1'3Af'3 • 
r.m1J1'3 LflV'3v1 nm tnv L {Jt1Gi'1m:::mu1 l1L 'jfltJ">:::~1 • 
ol1LGi>Jn1L~U'>lJLL'j'3~lJ LttU [J1 NSAIDs \'111liii • 
nu~'3'1l t>'3Lnaa1·za~vmrn::::aY1v1n L~t>Ylt>t>n 1 iJ 

'r11'3LGi1J mm"> 1i'3m11liiim">fi1L%'1Jt1'3 L '>vili'1 lv 
1" ·1" .r " 1·' ... . 11£J YI tl1v'r11 l1il'1Ll10llJClfl>J tl'3'!Jl >J uLLn:::VIYl11 

• u 

a1 m ">fi1L~uv1n1 ·rntJ">:::~1m1LGi>J~ rn1M m >J m '> 

~1Luuhvi1Yl"l6 
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"' q .J • 
tlil'lll-3 LFl tJ'3'tlVIUUil ti 

Constipation Narcotics 
Aminoglycosides 
Anticholinergics 
Antiall'hythmics 
Diuretics 

Renal failure, hearing loss 

Anti psychotics 

Dry mouth, constipation, urinary retention, delirium 
Diarrhea (quinidine), urinary retention (disopyramide) 
Dehydration, hyponatremia, hypokalemia, incontinence 
Delirium, sedation, hypotension, extrapyramidal 
movement disorders 

Sedatives, hypnotics Excessive sedation, delirium, gait disturbance 

i1v~um4~1uv1qG1n'l'l>Jfl1'lll~l11'lt11'1lrH 

rJ U4 ri1q ihh u ai~ cy v U14>J1n1 u fl1'lli11 l1LnVI 
_'j 1" ....... .J 
ucym umum'l'lmnua~trn'll14LFltJ4v1nu1n 

Q .J' 1 :: .. 1 '1 "Q .. LOVl'IJU lltl~ Ull14A'l4llVl't'ltJV1v " VIVlv1'llll1M 

_'j.,.f • .J !!:111" ... " uvvmma::mm•1MtrnL«U u l1fl1Wllltt'lmflr.i 
" " 

thu ilv~U'l'l14~1UVIC)GlO'l'llJ'llil4r·l'14V1U~iir~a 
"" . 

olilfl1'ltJ~l11'lt11ii~4if16 

1. Inadequate medical supervision 

ti tl1u«4v1u~1u1 mn n ir n hhrn rn.m~ u 
" " . 

-'d Y•ul: V• <lfltt.1 
mrnu mv4v10'IJilv1nVl't14't114mm14mu vVI v 

Lrn::a4AJJ 

- 1lv~1nV1m4~14mu L'liu \J1mlluhA 

l1at1V1Lat1V1«>Jv4Giu iiaJJVlqni:i' hA1lm~1l~t1" 
hAl11h11u-..,~t1Ma>J1tl4v1H ~4n1L l1V1mri1ii' • • 
. 1 " .. _., "" 1 . .... "" " " n1 l1~u1mAat1u ma1mn l1'lilll1Uvt1mV1114 

>JWWllW't'lrl 

- 1lt1~1nV1n14~1u~V1h L'liu Lm4han 
" 

lltl1U~oltl4Vl1>J1 h4VIU1tJ1tl {an hJoi'v4fl1'lLll'J 
" 

AUl~tJU1Ul1~t>'li1mllat>QJ1ltl4 hl1oi Lll,JolU 

- 1lv~10Vl't114'14AJJ lltt::l~'llf:lOv L'li'J 

m'lA>JU1AJJ lij«::V11n U'lJITTol1'J~h 11N1u Llluoiu 

2. Self prescribing 

".'I .f 1 dl " " ~u1Utl1v'Zftltl1 VI 1n Vlv1fl'l1U'IJ1UU1 

(over-the-counter drugs) ~4WtJ 1oitl'l::>J1ru'1t>4 

1 " . .r ... 1 U'11JJ'IJtl4 ~U4 t11q11'Zft1tl1>J1'llltl'l::Yl1Ultl4 Viti 

lijloil tlv1uu mm'll6 
tfo4 muu4iJniim1m~1111m 
"" . 

d ..... 1 " y 1 \I q I cf "" \I 4 
't'IAU~vn ?.llltl1 VltHlVIU1v::VlfltJVIUltl4V11U v4li1 

1 " l: "-'1 1 " .. _., "" .... llll14Fl'l4r;Ju1Utl1v ?W1'1Jil4~u1UA'rn'rn'lt>AU 

{~nmmm 1l1'l1JJ~4iit11~LLtJ4JJ1 lu'ltl "m 1 nu" 
" " 
.J • 1 " ~ ltl Q • • ... "" " nm l1AU't11 AVl11U1v::VILUll4v1flLUUU1 

1 i1 ::..... .... .J 
m .pJ m llVI UtJ14A'l4fltltJJJfl1'lr.J'1JJ'11'lll'liltJ1YI 

mviir~m~uoit1~1401u L'li'J AvfG11AmGiu'lvu~ 

Lll,Joiu 'rnnv1n~utitl1mt14ni1'n lijuvmmnrfr.r 

GJ Lrn11 l Vl1 tl~t> mmiu ti 'l::rnm t>4 n1 ll l'rnrfl ij-a'~ 

mmi'ivutiu L'liu analgesics ioniJ'J mmiJcy 

th::~1u1'J l1~t1ml1t1t>V1V11 Lllm),J
27 

c:: 
3. 01'lLOUi'f~IUW1 (Drug hoarding) 

1 :;., "' ti .J 
Ull14A'l4~U4v1qt11v'lll 'l::Yl1UU1't1 

.... 1'!) :;, "" 1"1 ll1tltlv10fl1'l 'IJ~UA'l4fltlU 1lltl1lfltJ({::({JJ 1 Viti 
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L~ rrnfou ')::mu m~LAEJ 1'11'1Q)r.rn1 u n1')L~utl1u~ 

mmm1>Jvu 1n1H1uAf-l1iDu 1uu1-lAf-lmLmh 
l; Y41 l:v <4 1mv1vv::m.1viu1mrn1l1')u u'IJru::muHMtllEJJJ 

' "" ' 
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Abstract 
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Tumor necrosis factor-alpha (TNF-a.) is an inflammatory cytokine that is important in 
the inflammatory process and apoptotic cell death. TNF-a. plays a significant role in the 
pathogenesis of rheumatoid arthritis and Crohn' s disease. Therefore, anti-TNF-q therapy has 
been introduced to clinical use to delay the progress of these diseases. This article discusses 
the prope11ies of anti-TNF-a.. antibody (infliximab), a chimeric mouse/human monoclonal 
antibody. Inhibition of TNF-a.. showed be1.1efits to rheumatoid ai1hritis patients by l) 
reduction of local and systemic proinflammatory cytokines; 2) reduction of lymphocyte 
migration to the joints and decrease of macrophage and T-cell interaction; 3) reduction of 
angiogenesis around the joints. Altogether, these effects improve clinical symptoms. In 
Crohn's disease, the chimeric anti-TNF-a.. antibody decreases C-reactive protein (an 
inflammatory marker). Additionally, the biopsy of intestinal mucosa from patients show 
diminished number of cells that produce TNF-a and interferon-a. Moreover, the chimeric 
anti-TNF-°' antibody inhibited migration of inflammatmy cells to the pathologic region of 
intestine, and attenuated inflammatory marker in this area. In several clinical trials, 
infliximab or infliximab plus methotrexate have been found to be efficacious and well 
tolerated in the treatment of rheumatoids arthritis and Crohn's disease. 

Key words : Tumor Necrosis Factor-a, infliximab, rheumatoid arthritis, Crohn's disease 
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Infliximab: anti-TNF-a antibody 

1 mri1'lf1inff'iintn, riru::11rmomavi{, um1mnamr~uri5im'i1hVll 
2 mri1'lf1inff'iinm, riru::ff'mtnvnllm«ui{, <JH11Nmnfum1r1£11ao • 
3u1ht1fo)J)iiu>·iiiuufo:St1£1111a::va, 

" " 

Suvara Walanapilayakul 

lJ 'itl .. .J., !'I ' . "' Tumor necrosis factor-alpha (TNF- a) L 1JL ')Ql'U'r'lv~Hl~ LlJO'lJJ mflammatory cytokines Lrn::JJ 

U'r1\Jl'r'lfl1Acy~hin')::U11Jm')tl0Lau m1::0l')G1lU'llB'IL?.fauuu apoptosis v1ui1 TNF- a iim1JJrl1Acymh-:i 

~-:i11ma 1nm')LflG1Vm1fiamw1rn-:i hvivBilmam>nVIBu~ md ')fl Crohn ' s disease oi-:iifu~-:iiim'jiifll') 111 
v 

al')Gllll TNF- a L\~i)\J'j')L'r'llillnl')LLa::'ll ::aBOl')OlL~\JiltNLWl \J'r'lmlJJifv:: n~110-:i~ruamJQl'lJB~ anti ­

TNF- a antibody (infliximab) ~-:im?i11rn·~~tl')::nuu~1Jv1nri1u antibody 'llB'll11JLLa ::m~ua (chimeric 

mouse /human monoclonal antibody) fll')UrnTum')WNl'U'llrn TNF-a iitl')::lmnf 1u~u1u?JBilnmu3mV1Bu~ 
.. ) " . ' fl ) d .J Vlil 1 aG10l')a')l'I local LLa:: systemic prom ammatory cytokines; 2 aYlfll ')LV!amm'lJB'I lymphocytes 

ltl~vBoiB LLa:: aG1tll]mm')::l1i1-:i macrophage Lrn:: T- cell Lrn:: 3) aG1m')afmrnBG1LaBG11miu~L1ru?JBoiB 

~-:iilv~um~1if~11limnw1rn-:ir.ltJ1u01~u flll1-rum')1li chimeric anti - TNF- a antibody 1ur.itl1u Crohn's 
v v 

disease lmi1')::oi'u TNF-a aG1a'I Lrndh::~\J C-reactive protein ( CRP) 11J:a~JJ aG1a'I ~~ CRP LU'UQJ1U~~ 
"" "' ( ) .J.i " "' ,.f .¥ ".'I .J Ol')lflG1nl')iJOLau inflammatory marker fll')G1TivL'Zfa'r1LG1vlnm')VIG1'111JL1rn intestinal mucosa 'llil'l~u1U'r1 

Mfom wui1iim')aG1a'l'lJB'l~llJ11JL'Zfa~a'~1'1 TNF-a LLa :: interferon- y irnnv1nif u-:iiir.JaaG101')LVl~mJ 
.J .J ' 1 " ... "' " .J.J • 1 " .J.. ... :; "' . .J 'r'l'llil'IL'Zftl'r'lOB l1LOG101')BnLaUL'lJ1~'111J'lJB'lal aY1>.n'IUlila111\'I ')1JJ'r1'1U'ltlG1 mflammatory marker 'r1 

i.fa1rudo11u r.m-;;i1nm')flfl\fl'Yll'IVl~i1nl1aimL l'i~LLaG1-:ii1 fll')-rnmo11u infliximab L \~u-:iur.i1-:iL01u1 l1~r:i 1 li 

f rnnum methotrexate iitl')::~'r'lBJll\~01oir:im')-rnu1hvi?Juilmau~>.nVl!lU~LLa::L')Vl Crohn's disease ~u1u 

ri1ul 1'Hya1m')omJoimn 1~rn 

fl1ih~cy : Tumor Necrosis Factor-a, TNF- a, infliximab, rheumatoid arthritis, Crohn's disease 
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n1"',r" TNF :: .... ..r :: " rn Hl'l\J fl'j~LL'jnLOVl'IJ'\JYl·monn~ 
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~ ' :;" d ""'4\J Q 

'll~l'l\J11 \J1~fl'j~O!l'\JtJ::;L 'j~v:::tJ'IJ'\J1VILana~ LtN 

'11~~v1nLOVt01'jGlVtL:5tJLL\JfllMu 01'jflff\fl~!ltl1 
1mb~i'.J fl.A. 1960s uavi.:i1\1d'.hJi1'i1~muaf1~ 

mediator ~Y1!lumrn~~!l~~Y1nruoM''IJ!l~LLUflih~u 
LLatVl\J!l~1 un'j::uma!lVI mediator dm~~li1 N' 
LnV1tlTin!Jm'jru~n~11*1..:ioiu ua:::Lll'\Jm'j~ihrv1t 
u~1um'joi1mJ:::L~ awlfuvid~om~uni1 TNF 

" 
LLnt \•mi1L i'.Ju 1iirn naoiim uu 1 uoi'j::; na'IJ!l.:Jal 'j~ . " 
• v.J v -v., ., 1 
Y11'l1m'r1Y1fl\J({Ufl~V11U.1Jm1iimma::;m'j!lmau · 2 

Tumor Necrosis Factor- a (TNF- a) LU'\J 
'itl .. .J"' • • L 'jOJirnvVlfl~n~iJ'IJ!l.:J inflammatory cytokines 

af1~v1n myeloid lineages, macrophages ua::; 

it .J.q - x 4 

monocytes LLYI iun1:::Y1tJ01'jYIVIL'IW '11'jfl 

autoimmunity L'lla'11a1U'llUVl"1tJ1'j(l({fN TNF-a 

1.. . ..I .J 
VI L'llU T-cells, neutrophils, ua:::L'lla'llUVlflU'rl 

1i1' .J.J V U AV., 
ii '11L'llaY1Lnu1'1J!l~nm:::uu.1Jt1Fliinu TNF- a 

... ~ 'itJ "" :: " .J .. rnLviTI:::'l1v1nL 'jYJ'\Jrnoiu 'IJHlVI 26 kDa nrnhu 

'llm carboxy tenninus flirnflnltlirnm'lla (type 2 

protein) TNF '11~flflOv1nL'lltt lVILVlumA'miJuhiJ 

TNF-a converting enzyme (TACE) ~miu"1rnu 
" 

~1L'lla TNF-a !l!lnqnt1iJ~n1:1ru:::'IJ!l~ trimer 
... "' .J vunu 55 kDa cell membrane receptor 'r1L~uni1 

TNFR-1 '11~tl ri1'1J'llm 7 5 kDa cell membrru1e 
.J.. • "' :: receptor 'rlL'jUn11 TNFR-2 'll~ receptor mam 

'llUVlif~Vl!l~1im~ti'IJm TNF receptor superfamil/ 

m'j~unu receptor m1li'LnVlm'j~acyqprumu 

1m'lla LLa:::L'llav:::iim'jYl!J\J({Ufl~~!l 1tl L'liu 1u 

m:::mim1'j!1'mau TNF-a v:::n'j::;~u1li 

endothelial cells afi.:im'j~LlJU adhesion molecules 

ua::; chemokines Ll~!lai~VIVI 1 li'L'llMiM'iinuiim'j 
" " . d V ., Al. .JClll ., A J" 

Lvia mw1um u~\J'jL 1runii n1'j fl n Lau L nmrn 
" irnnv1nil TNF- a u~mvm:::~iJ T - helper 1 

(Th 1) li11 li T-cell onm:::oiima:::iim'jLLmo11 " . 
~ • J" ill.I I ~ .d I 

LV1t1v1murnn'lliJ an1:1ru:::L'llmJmvL'jun11m1::; 
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.• n . .J' ... .J 
pro11u1runmat1on '\Jt1nv1nu TNF-a U~L'l1im1 

ih1li'LOVI01'jYl1U'IJtl~L'llaLL\J\J apoptosis lu 
I .Jct ., QI V • 5 

'j::;m1~nt1m'jflmau!lnmu · 

~n1:1ru:::lt1~cy'IJt1~ r.lu1u L 'jfltJ!lDmamm 
" " 

Yl!JUQJ (rheumatoid arthritis) ~!l LOVIOl'jDnLn'\J'IJfl~ 
d V V ( d I 6.1 I 

LUfll1~1'1Jtl synovitis ), tJ01'jtfaflU"1'jflVl'l1ITTLmri 

'limi~ 1u'll!l Lrn:::iim'jann'iuu'IJmm:::~nti!luLrn; 
m::;~nu"1nrutl!l~!l L'llaLflfllf "Jfl;jm'jLLu~G11li1 
1vd v 'ti""' ., .. '11LU!ll!'IJ!l'l1'\J1011 OYI Lrn:::imat1V1rn!lVl'IJiflVI 

d • .J' ..r ., ... " 
rnnm'l1ttt>Lau~mn'llu l '4'j!JtJnum'jLLmmmm 

'l!"'~iinu'IJ!l~L'lla'11a1u'lliJV1~ii1nrnat1V1 ~~L'lla~ 
·1"""" ..,J' d " 'r11 '11LOVtn1'j'l1iJ1Yl1'1J'\J'IJ!l~LU!l\J'IJ!l Afl T-• 

lymphocytes, macrophages, plasma cells, 

dendritic cells, fibroblasts LLa::; synoviocytes 
.., ~ d V I J' 
V1~uum'jLflamJU1U'IJ!l~ L 'llaL '11a1iJv1nvrn1mn 

1tl~1'1l'llfl LLa::;m'jLflVl01'j(ffH'l1Cl!lVILa!lGJ1mJ~ 

Llluuv~u~ll1Acy 1unrnnV1vm1Gamv1'1Jm L 'jf16
' 
1 

m'jann'imrn!l~m:::V1n~u"1nondm~!l l'll 
" 

V d '1 V&I Qo I 

'IJ!lYltl~ mrnumnru'IJ!l~n'j::;~nflmma::;m::;~n 

V!lolfl ('l1~t>L~unu"1nrudi1 pannus) iimL'l1Vlm • 
v1001'jflnLn'U, Ol'jYl!JUn''\J tl~LLa:::L ~i1;51inu 

mH L'llaJJii~iinu ~~v::tl1 l ti ~ni'j'l1~~a1'j 
metalloproteinases ua::;m'jo11na1~ (mediators) 
J .J ... .i. • .r ..I 
!JU '1 'rl'r11'11ifl'rl'r11tl1Un'j::;V1n!l!l'\JLLa::;LU!JLUtl 

" .J ... g • ... ..r 
mm\'IH n1°j«OO'jfl'\J'llmm:::V1nt1nv:::LnV1mJ1u'lfN 

" 
LL'jn '1 'll~hvitlfll1'mamii1ornuQf ~fl V4u1mlll1u 

" " 
ffluat: 60-98 mu1iJrna~i'.JLL'jnv~m'jLnVIL'jf17' 8 

iim'jafum'j;5wnn cytokines !l!lnrn 

mnmu 1u1l1 l'IJtlfl'IJmtlu1u~rn01!luQf G11~l·1utiflu 
Afl tumor necrosis factor-a (TNF- 0.), interleukin 

(IL)-1,IL-6, granulocyte/rnacrophage-colony 

stimulating factor (GM-CSP) ua::; chemokines L'liu 

IL 1 Clll &IQ " 

-8 irnru:::LVlmnutim'ja~ anti-inflammatory 

cytokines L~mi'.Jirn1'jtl~uaii~a L°lilJ IL-10 LLa::; 

transforming growth factor-beta (TGF- p) 
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l'J~mf1'1'3 cytokine inhibitors L'li1J IL-1 receptor 

antagonist (IL- lra) Lrn:: soluble TNF 

receptor9 LLoivrrn hnG11i.i nrntfu anti-

intlammatory cytokines l'l~tl cytokine inhibitors n 

1 ' y J 
m'f1iJ1'HHIUn1'3CJYl5'1JtN TNF-a Lrn:: IL-1 

.J y .r . ti ~'I y .J 
riaruvummnm1 flGlLGl m TNF-a Lm:: TL-

d 4 I I 

1 Yl\'4UU'H1CU')ilEJGlil'IJ~ pannus Lm:: m ::GlflilillJ 
'U 

' 
• mU~)Jfl1')l'Jcl'3'1Jil'3 inflammatory 

cytokines ~fll'ln1EJ'l1UGl 

• m 1iiim')LLa~vanv~tiu1umii.i • 
adhesion molecules ~ endothelial cells ll'l;jEmh 

l v , .., .ci. vu d .J v ...J 
l'll'lfnf)tJf)l')()f)L'1'ULLa::l'lfnJ))Jfl)Jf)1JlAnil\JYIL'IJ1n 

'U • 'U 

4 V I 3 
mnru'llt1Gl vi.i1nvu 

• m::~1Jliiim')af1'3LLa ::VJi'3"1') 
inflammatory mediators L'liu metalloproteinases, 

prostaglandins mi:: nitric oxide ~'3'1::ll1 hlri 
'U 

fll')WlalEJ cartilage matrix LLa::UU~fl1')'1'fu 
collagens ua:: proteoglycans m1iuu&'3fl1') 

' .J • 
'lftJ)Jll'lfJJ matrix YIClflYl1'711EJ 

'U 

fll')YIGlnil-311J rheumatoid JOlllt cell 

' !'I ., A "' .J cultures vm11 TNF- a Lu1JGl1n1A'l!Ylmu~i.i .. 
lL- 1 1Jilfl'11flU 

proinflammatory cytokines ~1J 'l 
... y '1" J Gl1EJ01Yl1 l1 TNF-a mJGlCJYlti 

~ " ' 4 d 0'3LliJ11 cytokines l'ln1EJ'l11JGl'1::i.im1i.i 

aiA''lJluhmimi'mau~mGlau~ uoiiiVJan~1u 

J.Jlfl)JlfJ~LLaGl'31iLli1Ji1 TNF- a iim1i.ialA'lJ 

mh-3~'31 una ln fl1')LOGlYrn15amw'llv'3.zivti'n Lau 

YIGlnv'311J synovial cell culture, fl1')YIGlnv'311J 

"' ~ 1" '1'Gl1YIGlnil'3 ua::fl1') '11 anti-TNF- a antibody 

mimoa~t1Mi1 m.')au~1'3CJY1~'1Jv'3 TNF- a ii 

Suvara Watanapitayakul 

"I • 10- 12 
TNF-(l L1~ Crohn's disease 

, !'1'i .J ., 
Crohn s disease Lu1H')Alfltl1fl\Jfl1') 

ti'rnarn{ai'-3 lGlu liim1ua1Ll'IGl ~u~nru1Gl • 
- 4' - :; \fil1CUl'l1N'1JtNYl1'3lGl1Jtlll11')Yl'3lLUU segmental 

l'l~il transmural intlanunation 01~ ~'3mvm1iLnGl 
granulomatous lesions 'IJ~ intestinal mucosa ~1iJ 

6)1u»~v 1iin1~ iifl1')\'4uan1:1ru:: patchy, deep 
.J 'i ... .r .,.J 

ulcers Lm:: fistulas Yl')tlf.l L ')A fll')ilflla\Jl ')()')'3YI 

LOGl~1J ri11n1fi'3LU1urnmv1n inflammatory 

cytokines 1Glmum::mh'3~'3 TNF- a vmi1 

u~nru intestinal mucosa 'IJil'3C·lU1EJiifl1')'1'f1'3 
'U 

'1Jtl'3fl1')l'11'311J'lltl'3 T helper (Th) '1'il'3~1W1fl ~il 

Thl nu Th2 L'lfallJmii.i Thl '1::l1i'3"1')11JflaJ.J • • 
proinflammatory cytokines (L'li1J TNF-a lL-

2 Lrn:: interferon- a LU1Jol1J) ri1m'lfa l1rnrii.i . 
Th2 '1 ::l1i'3"1')11rn~i.i anti - inflammatory 

cytokines ( L'litJ TGFa, IL- 4 ua:: IL- 10 LU\JolU) 

., ~ 

fl1WUU'3 TNF- a iii.h:: 1u'l11J)J1fl 11Hrthu 
'U 

Crohn 's disease ~'3'1::1~nri11oiv ltl 

'11J0'3U'1'1U1J \11ui1iia1')oll1J TNF- a ~ • 
H'n1JYl1'3A~un 3 '11UGl 16)uri 1) anti - TNF- a 

antibody (infliximab), 2) soluble TNF- a 

.J !'1 .Jtl ... receptor 'lf'3lu1J fusion protein YI ')::flt1umu p7 5 

TNF receptor nu Fe fragment~ 'IJ~ human IgG1 

(etanercept) Lm:: 3) humanized anti- TNF-a 

monoclonal antibody (adalimumab)
13 

LLOll1J\JYI 

.J' t d "- ~· Fl11J.J1Jv::flm10'3L\l\'ll:: infliximab 'lf'3lu1J anti-

.i . 1- 'i .J ... ~ TNF- a antibody rimm 'll'')fll:J1L')AYliJ\~EJ15 

am\11f.1Gltln01'11flfl1')'1'1'1'3a1') proinflammatory 

cytokine ~fllA'lJ L'1i1J TNF- a l~uri hvi.ziv 

ti'mamm01t1£1~lla::l')~ Crohn ' s disease 
'U 
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Infliximab (Chimeric anti-TNF-o. 
antibody) 

fl d .J <l:lt. 

Infliximab LuiHll'S'll1Jll\'l'r1LnVl'llnU1~ 

cbu·1nM antibody ~M'l1mn!liULLCl:::'r11JCiu~m 

Vy 

CK 

231 

(chimeric mouse/human monoclonal antibody) 

ii1m~af1~~~uavi~lu~u~ 1 airurivm~un 
.... .J' • mmin1 cA2 

immunosuppressive agents 

• D 

selective 

Mouse 

Human 
Dis11 lfide 

~tJ~ 1 mnJmvmct~MLm~afw1rn~ chimeric anti- TNF-Ct antibody. Tm~af1~u-s:::nvu~1um-sL~v>J 

oivnu-s:::'rlil~U~L1CU variable (V) K light chain LLCl::: u~nru y 1 heavy chain 'IJv~ murine anti­

human TNF- Ct monoclonal antibody nuu~nru constant (C) 'llv~ human K light chain Lm::: 
~ .J~, d '"''l .... 1'1 v mnru Y 1 heavy chain 'Zf~Lu'UOl'Sl'lltl>JG'ltlnlJLVIUVl~U disulfide bonds. lJLq)'j~C{'jWIJtl~ 

antibody 'l:::ihblJ'IJtl~LU'S~lUn!titHuuci:::75 Lm:::Tu-s~lJ'IJv~ murine fuuci::: 25
8 

'l "' 1. m1 n nT'HHJ n qrrn 

.. 1 "'1 .f Ell infliximab im11 n'rlcin lJnl'StltlfiflYlli 

Au uut~m-S'Yil~l\J'IJtl~ TNF-a Lvium-s~unu 

TNF-a receptor ~~~u~flu~u soluble 'rl1u1u~u 
.J vvl ., 

transmembrane Ylfl11>JL'11J.J'IJ\J lJ-S:::VIU picomolar 

Lrlu·1w1avu 1 u'r!ClvVIYIVIClu~ uoim intliximab 'l::: 

hi~unu lymphotoxin (TNF-a m-s~unu 

soluble TNE-Ct receptor ~hlli' TNE-a 
; .f ..J ........ ti\JflYlli ti1\Jm-S'lUnu membrane-bound TNF-Ct 

<J:::m 1li'Lnvim1m i'.Juwi:ioim'lfci Tvim.hlrn111n'llv~ 

complement Lm:::1'rl1u antibody-dependent 

cell-mediated mechanisms nlTl'IVIClu~lu 

tra1~sgenic mice ~iim-sLLCfVl~vtlfi'IJtl~ human 
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. ' ..... :; 
TNF- a tJUOltHlVIL1n1 'WU11U1«1"1'HlUUU'1 

" 
1" " "' soluble TNF- a li1 l1 TNF-a fllHJ't'IB ri11J 

mm'lmh 1 '1tfo~ann~mnnvinwzim.ill'lfiJoi'1 Lt1'1 

1Q)Lrlv 1 l1u1\.1a'1lpV1t11nwiJm)marnL'11 m'l 

't1 YI n v'11 U a Oll '11 VI n tl'1 tl'1 llaYJ'11 l.\l ~lJ ~ ni1 Ul 

infliximab ~unu human TNF-a tJU1'1Lailm 

,J .,.,ti~ .. ~ '1" '21'1at1Y1l'lnt1'1nu 'l::n't1Btnl'ILt1m'lm l1 TNF-a 

l1iJYl()'t1t lt1l1.;'rnltl1u'llt1D'mau'liJ101t1u~ m'l 
" " 

..... t • • 1 "'"" J..,. UUU'1nl'l't11'11U'!Jtl'1 TNF-a 't11 l1mmrn't1YI 

Lrn::m1-i\•rn 1Q)m'11'l~un ~v 

• nYln1'ltf'f1'1 local lrn:: systemic 

proinflammatory cytokines 

d .J 1 • nYln1'lll'lntJU't1'1Jtl'1 lymphocytes ti 

~7Yv~v Lrn:: avitl!)n~m'l::l1i1'1 macrophage 

lll'l:: T-cell 

• aY1m'lan'1l1ntJY1l~t1Y1ffit1L~mu~nru 

1.1 r.rnwfl proinflammatory 

cytokines 

l1tl'1n1'l1'1m infliximab Lmutlat1ull.\oi'1 

mL'll1m'1l~m~t1vi~1 t1tl1'1 ~ m ilv-1 (intravenous 

infusion) l'1ui1'l::~u'!Jt1..:im'l~t1m'lil'maul1J 
mnam Lln::m'la1'1'1 cytokines uw11uvi 11J7i't1il 

tl~m run mM 1 u rr U1U l 'll'l'll tJ r) nli'IU'l)Jl OJ tJUQJ 
" " ,J t Q.I I dCLI 

( 011'll'l't1 1) l'liU 'l::VIU IL-6 Mln'ltlUl'liJUU 

lt1A'cymulu 11ul1a..:im'l1'1m infliximab '1Ju101 
"" .. ~ .. d 

1 l'l'ltJ 10 im.1nn. ll'IU'lfl'l'llYIU1 (p<0.05 L1.Jtl 
-~ d ... ) .J.:., .J' QI I 

l mUUL't1UUnUU1l1ntln Lm::r~n't'llnYl'IJlJU'll'l'I tJU 
" 

-iun..:i 3 l'l~tl 4 atlmli'~1rnunumnY1U1 1u 
" 

namltJ1u~iJ'l::~u IL-6 a..:irimm1'l;'m:n iJrr . " " " 
-·· " .J.. ., ., i1 u1U'lvua:: 70 m1'l::Y1u IL- 6 naumtiu lJ 

" 
'l::~utlnQ\Lrlv1mum1u'llmvi 10 l.m.1nn. mN 
-i1n1'1m.Jl11Jmm1 3 l'l~tl 10 iJn.1nn. m'lnYln'1 

Suvara Watanapitayakul 

n1'llnviti't1D'mau (polyarthritis) 1Q) Lrn:: 

nnYln'1tnU1u 1 11J l1tl'1nl'l1l.\m1u'IJU1YI 10 

iJn.1nn. (p<o.05 Lrlmmurniiuunuml'lavn) 

n1'lll(lY1'1tltln'llt1'1 chemokines ~u 11u 

'llv~v 1oiumm::mh'1~'1 IL-8 lrn:: monocyte 

chemoattractant protein-1 (MCP-1) nnYln'I 

tim..:iiJiJmhA'cymu1u 2 atlvi1lfl1&11l.\m 1lJ'IJ\flYI 
,l <d Y I d 

10 iJn.1nn. llv1mmm1rnu01t1 chemokines tll.I 1 
.J 

(011'l1'1't1 1) 

1.2 

lymphocytes 

m infliximab nYlnl'lll'l~uumu (migration) 

'!Ju'! lymphocytes 1u'llt1~tl'lltl..:J~rtl1mfoD'rnau 
" 

'lm01t1u~ LY1m·1ui1m'l1'1m11mu1Y1 10 iJn.1nn. 
" d .J " ..J .. -i::nYln1'lll'lntJU't1'1JtJ'1 lymphocytes l'IJl~mnru 

'llt1~t1t1tl1..:iihTmhA'cylu~tl1u 10 'l1U (p<0 .05 

Lrlmiiuunu baseline) lln::lrlv1'1m infliximab 

11mu1vi 1 l'l~tl 10 iJn.1nn. li11'1Lvim::~u 
peripheral lymphocytes mu1u 1 1ul1&11l1m Lm:: 

4LI ..... <di .J .J "" 
r.mmmvuM 1 lYltJU (011m't1 1) '21'1'1iUYl'lltJ'1 

" .J~tl"' .J"" lymphocytes 't'lll'liJ 'lmrui.nn't'l~Yll'ltl CD4+ 

lln:: CD8+ T lymphocytes 
.J..,. .r ~~. "" ..,. 4' 

~m't1LnYl'lllJUlulJr·Jl'lllUUYj01UIJ" ~:nnq't'IB 

nYln1'lLU1Yl'1tltJn'iltJ'1 endothelial adhesion 

molecules ~u~nru synovial tissue ua::liJ 

n'l::llaL~tJYI (mn01mffi'1~t1 1 i1'1 20 irn.1nn.) 
.J ,J 1 dv 011iJ01l'l1'1't1 1 '21'1r·m 1rn1'lnYln1'lll'lntllJU1U'llt1'1 

1tl
..J " ' .J., .. 

lymphocytes ~'IJuOltl't'ltJmau tll'ltJ!iUlU'l::u:: 
j <Cl.Qi .J I t 

nn1m'lt1t1nql1B'llt1'1U1't11'1l'lmm '21'1v1m1 I'll 

JJ!iU~lU (median) '1Ju'1n1'l01uUalrn'1 Paulus 
" .,1" ~ .. 'ltJUn:: 20 mH l1U1 3 )JO.Inn. l'l'l'1lYIU1 U11 

mui1'1 6 atlmli' 

1.3 r.Jul'1flfl1";ia{1.:J-.rnfl~L~fl~Lmj 

(Neovascularization) 

al'l vascular endothelial growth factor 

(VEGF) d'Jum'l~iltl'l::fl't15tnl'i~ 1 iJm'lm::~u 
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1 "·'' d endothelial cells lJ synovium 'IJ!Ni;ju1EJv::>Jn1') 

MiiVlal') VEGF ~-:JLtlm1v~mh~llJ1lrn1')ri-:J 
La~>.m1')a{1-:i'HnflGlli'it1Glhn.nlJ pannus ')::~u 

ai') VEGF 1u:ii{>Jvfl-:irJiha hAvflD'mau~>J1 
VlflEJ~a-:ini1Am.JnOi 3 L'ti1 LLGh::~u VEGF 11J 

v 

rru1av::aGlMi'flaa:: 42 'HITTm')lim infli.xirnab 
v 

1m.nJ1Gl 10 >Jn.tnn. ~fil')(IQ'IM'IJ!N«l') VEGF 
" .., ..,,.J ~ .f ., ".'I .cl 'I " 

aflGlAn!NOUf.laGl't1LOGl'IJlJOUf.Ju1EJ LLn::l>Jfl L 'H 
v 

inflixirnab +rnnum methotrexate ')::~rnm VEGF 

v::aGla-:J{flaa:: 41 LLn::A-:JflUlfllJ 12 aumlf 
v 

1rnnv1na1') VEGF mha1') E-selectin 
d ... fl ii ... .J ...s ... 1 LLa::«l') VCAM-1 OEJ-:JLulJ "lvEJ'Yln1AllJ lJ 

n')::Gl'1J m')a{1-:i'Ha flGl La flGl 1mil1J c.r\J1a 1 ')AVfl 
• v 

... ~ .J ) fl 1· 11 ... ' flmau~>J1VlflEJGl ( V11')1-:J't1 1 tllvL ulJ u Vl11 

fil')nGln-:J'llfl-:J endothelial adhesion molecules 

tl1vnGlfi1')U1LaflGl 1 uLif a-:iu~ntUVflOifl LLoiflU1-:J 

1 ')~GJ1>-1 u-:iv1Gl'Ha n~11JauuaipJ'llfla1l.lif 

1Jflnv1nr~a'IJ1NU1oifl~lnlJL'lfa lymphocytes 

~-:i~1~mh1LLa1 lu'll1-:iG11J u-:iwui1ma1m')flnGJ 

~11J11J peripheral blood monocytes LLa:: 

1 ... ~ .J ... .J'J' ... 
neutrophils GlLLUU'lf1m11 Mn'YlLOGl'lJ\JlJfllvLnGl 

.J' ... .. 'bod 'IJlJv1fin1')fi')::GjlJ complement 'H')fl anti y-

1 .J ... 
dependent cytotoxicity lJ lymphocytes 't1>Jfi1') 

.J... .J 
LLaGl~flfln'IJfl~ TNF-a 't'l~rn'lfa 'lf~m'laGJa~ 

'IJfl~ peripheral blood monocytes tl1v~11l1' 

mrntU'lJ!N monocytes tJ.;'uoi1nauefl1Jamm.JnOi 

11J~l\J1a~n~>J~iimrnru monocytes LLa:: 
v • 

. .J' 
neutroph1ls ~~'IJU 

11Jrr~~.;'um1uvmGl 1 >Jn.1nn. 'H~fl 
v .... ~ ... 

10 >.m.tnn. 'o:l::>Ju')>JltU monocytes aGla~')flEJa:: 
" • ., d d 

20 LLn::'lflEJn:: 29 Vll>JalGlU (p<0.05 L>JflL"YlEJU 

num'Hafln) LLa::U~>J1tU monocytes 'o:l::nauu 

')::~uun0ima1" 2s i1J hhimm1>JLu~mJ 
LLUn~'IJfl~ monocytes 'H~fl granulocyte function 

!'1 1~ 11 ... .1 ... . J' fl tllvLulJ u Gl'Ylnl')LfiGl monocytopema lJLuuna 

1 .J • 1 ... ... ... ....J' ' ' 1 d O't1't11 'Htl101')'t11~AaUnGl'IJlJ LLGJfl[J1~ ')fiQ'll)J 
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1mW1a Crohn's disease ')::~u monocytes 1,j 
v 

LLVI n oi1~ nm:: 'Hi1~ n ~ >J'IJ fl~ ~lU1tJ ~VI fl U au fl~ oi fl 
• v 

m'H~fl 1,jGJfluaurNoiflm ')::~u neutrophils 

aGla~lu~rffiITT'um 1 >Jn.1nn. 'H~fl 10 >Jn.1nn. 
v 

1Glav::a~LnGJ1~mti'Ha~1im 1 i" m1:: A~flri 
v 

fl "'. I ~ .d "' ., LulJL1a1 4 aum'H (p<0.05 L>JflL't1tJUOUEJ1'HnflO) 

lur.l\J1a1')A Crohn's disease LdflGJTivaflu 
v 

colonic biopsies Lmtirnfiau'!Jru::riflulim 
.J "'.I ~ ... 1 ... ., infliximab LLa::'t1L1a1 4 aum'H'Hn~ Gl')1.JtJ1 l'fU 

i1ii TNF-U aGJa~ Lrn::ih::~u C- reactive 

1 ~~ .d fl ., • J' 
protein (CRP) lJ•o')>JnGla~ 'lf~ CRP LulJG11U~'lf 

fi1')LOGln1')DnLau (inflanunatory marker) U1lL't1U 

v::l,jiir~am::'YlUoifl'l::~u total peripheral white 
... .1.J .1 ., 

blood cell counts LLVl>Jn1')Luammua~')::QJU 

lymphocytes, monocytes Lrn:: neutrophils liJ 

., .I.I" "',.J' .I "" J' "1 • 
an~tU::'t'lu'lULtn~munGJ uflnv1mJ a~ >J 

l'fUA11>JLLGJnoi1~')::'Hi1~ peripheral blood 

mononuclear cells (PBMC) '.:l1nrJU1afil~fo 
tJ1 infliximab nUAUUOOl 1mL~n1Wlfl1.Ja'IHl~oifl 
~ v.J "1" "'°" ,., v '1~L')1'Yln'l::VllJ 'HLOGlnl')LLU~m LLa:: m')a')~ • 
cytokines fi1')Anlfl~U~L1tU laminar propria 

... "1 ... .. .;:; J' ... 
mononuclear cells 't1 LGlv1fin1')VIGJ'blJLlHlU')L1tU 

intestinal mucosa 1m~r.J\J1afil~fot11 'r'mi1ii 
v 

• .J ... 
m')aGla~'IJfl~v11rnJL'lfa't1a'l1~ai') TNF- a. ua:: 

J"._, &I I 

al') interferon- a. 1Jfln'.:l1nut1~\·1mrnn~1m1 
.., y d v 

fi1')')fi~1Gl1EJtJ1 infliximab nGln1'lLAafllH'll1>J1 

'IJML'lfn~rlfl 1 l1LnGJn1')DOLaUL'll1riri1u'1Jfl~~1 la~ 
v 

iil0m15aml'f ')1>J"rf~u~aGl inflammation marker 

~u~nruif ~1a 1 s-ia 

m infliximab 

"lalJAlaGJfLlUU dose-dependent 1G1aii~1 Cmax 

LLn:: AUC a>JVilHlLLUULalJGJ')~nUm')1im1u 
. .. ... 1 .. .J 

'211~ 1 m 20 >Jn.tnn. ')::Glum lJLaflGlA~'t'l 

(7.9 Ci~ 9.9 >Jn.1nn.) 'Ha~ll1't11vmGl 10 >Jn.1 

nn. 3 A~~ 1GlEJn1')1iLLoia::Af~\'i1~nlJ 8 atJGl1'1 

LLaGJ~i1')::~UEJ11 u La flGl 1,j L tJ~mm tJ M 1 tJ Ld fl 
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\J~l!l')fJlllU\J1i*1 (repeat dosing) mi::hh .. u 

m'ia::am.n1im'i::mnavvil~v1im 3 ll~v 10 

>J0./00. 1inhnh~nu 4 ll~v 8 aumlf 
.,J 1 " ., ".'I 1 .J • 1 ~ " L>Jv l1tJ10\JC;ju1tJ U'111J1YIYlllU::1Jl l1 L'lf 

.., ... ~ .., Av 3 >Jn.ton. ru m.l011wr1 o, 2 m1:: 6 l1n~v1n 

ifu1irin 1 8 au011lf ,·1u')::~umlmavY1lYi1nu 

1.5 "~.tam ru au011lf~ 30 (Av s aum\f 
&I II ~ V .J I/ &I ! I 

l1tN1l1mm~avimu) 'lf~fll'j::Y1\Jmavia~on011 1 
' I a.I .......... d ti >Jn.tam v::, .. m1~rnfl1'j'jfllflvrNflaunnaviM011u 

ii~ hi iJ n1'j~ m:nvu1~ l \Jum~ n1'in~ ~rnn'i::riu 
' .. ~ 

'1JD~tJ1 methotrexate vimna'l!vaumaowuv~m 

. 1 d • .,J 1" infliximab vfJl~ 'inYll>J ''l\J11l>Jv lltJl 

methotrexate i1>J~1tJ ')::~\J Cmax 'llv~tJl 

infliximab li.iLu~uuuua~ LLoh::~um1u:S~lrn01a~ 
'111n-)1 Lrlvli.il01'1ii1>JO\JtJl methotrexate Av 
1uau011li'~LLu01 l1~~1im 5 x 3 >Jn.tnn. . 

a :; " 1 .., 'l d '-' .,.,. •1. lc;: 'nn1 L i'.hm'i~a01mt1 ,,.m1'j::01um L1l'Zi'ilJ>Jfl u ,::.., "" 
• 

2 >Jn.tnn. 1u~tl1t1ffiITT'um methotrexate TI>J 

~1tJ m1::iJYi11fot1ni1 0.1 >Jn.ton. 1u~thuffii.i 
1~-fom methotrexate ·i1>J~1tJ 

Yi1u~mmn'j::v1t1Gi'1 (Vd) ~ steady state 

lJ.iLU~tJlJLlUM ltlY11>JtlU1YltJl uavi~i1iim 

m::v1t1Gi'1vtjmt111rnavY1LavY1 Yi1 median Vd 

vt.11 u?11~ 3 a~ 5 am vu1~ hnvi1>J ii~ li.iri'i1u 
v .r .,J 

ti'm1m'jm::v1t1Gi'1'1J~mLm~L1rnmv 1vimum:: 

vm~~~~u~nru'livoiv fll'jLtl~mmtlM'llv~mmtJ 
lufumt.1 li.i~1rntjnrn~ul'lf>J11mq>J cytochrome 

P450 ~1fu~ li.iiiml>JlLU')UTIUvlnml>JlLYIO 
• "' J A J' I I' 011~Y11~\'11J~O'fi>JYILOYl'1J1J;;,JlO po ymorp usms 

'1Jv~ cytochrome P450 isoenzymes 
,.J .., -Yi1 clearance v~m::Yl\J 0.01 nGl')/'lfll. 

m1::iiYi1fl~~1li011vit1\J'j::mru Av s a~ 9.5 11J 
J ' .J nA ll.rn 1im 11rnin01 3 >Jn.Inn. lla::mm~'lf101mv 

' J' .,J 1 " 1 .J J' ( tJl U11UT\J01l'Ul>Jv lltJl mnnYll'l~~'IJU '1JlJ1YI 

1 ... ' d nA .. 2 3 5 (i~ 20 >JO.Inn. l1mm~'lf101 8.9 Cl~ 1 · 

1u) uoiu~li.im1um'Htl~mmtla~Yi1 clearance 

1 .J A .J., 1 ua:: vct uam1::m .. mGam,·m01rnia:: 01 

Swara Watanapitayakul 

vl n n1 ')U 'j::dlu tl 'j ::ilnfi C·J a'1J v~ t.11 

1 ". 1 " .., ... ~ . .., ~ infliximab 1mll1t1 ')fl'1Jvvmn\J')>J101vtJYll101n~>J 
v v 

mm'jti'mauii~'limm01vu~ (rheumatoid arthritis) 

011>Jamm•1mmal1;1mlli~ 1viu~A'vilavn~tl1t1 
;;,i1nm')iilvuu hflminnruif~n1l1u011vit1 ACR 

(American College of Rheumatology) LLa::~Jtl1t1 
' :; 1 t I 6.1 V 1 · .. ll1a11m >J01vumrn~01vfll')'jfl'lflY11tJt11 un'l.., 

:; ' .J .. ..r 1·' DMARDs G1~lLG1l1\MG11'1JU u 

'lJUlYltJl infliximab Yi'l'li.;'m:nv~1mb~ 1 

(i~ 1 OJ.JO.Inn. lrlv 1 lim infliximab l~tJ11 ll~v 
1ii1>JO\JtJ1 methotrexate23

-
27 vu1~hn011>J 1u 

?11~')::tJ::Ll'jO 'l tlMOl'jflflHl jjm')l1Ylnv~1i 
.J • J'2s-29 " ~ \J m1u'1JU1YltJll1a~011u Cllfll'jv1nH1l um') 

v 

1 im'j::tJ::m1 ;;,i:: 1 imm1inuoY~LLoi 4 ll~v 8 

atJ011\f l1001')fl0Hl\J~l11')tJ1 infliximab ~1tJ 
" \I 11 odJI • f I d 

01')U l'i v tJ tJ1 L '1J1'Y11~ ltfU ln v YI Yllv f.11~ 01 v l U v'l 

(intravenous infusion) 

1um'jAflH1~01'j1vnv\Jn1') Wm infliximab 

O\JC.lU1tJffiITT\JU'j::mum methrotrexate ~'lllJlYI 
U U ., J t II l: I 

m 7 .5- 15 >Jn.1a\Jvi1l1v~nmJmn mu01~u01 
"" J' 'I .. "" 1 .J., ~ 3 LYltllJtllJLUvUM 6 lYlvtJ YltJl'IU~~tJ'UtJv>J 

1ir.ltl1t1;'utl')::l'11um1unl'i>J NSAJDs 1umnvi 
v • 

.J "" • ., ., • I 1 ' -=< n ~urf. tJ1fl~l1l1')v01n~')\Ju')::Yl1UtJ1 tJn'!>J.,lYltJ') u v• 

~iim vit.11 Lrlv l fiuu l Yi1 n\Jt.11lVf')YIUL'lf1auua1 

li.iLnu 10 >Jn.11u 
m'jtl'j::Lihmam'j;'nH11 tJfll'jflfll'f1Ll11'il 

ifl'llLl\J\Jtlv~ ACR Lrn:: Paulus 1um'j 

t] ')::dhJtl')::~nfi~miiv~m 1 u~uoitJ 1viutl')::dlu 
• \I cJclil ~ I ;;,i1n ;;,i1mut1vl1>J01'j\J1>JUa::01~ 'l11~na1m'j 

ln01'1iv~~ 1 u01mn*1 C·Jafll'jU')::Lilum1>J~1Jll~ 

v~ h~mmL''muLrn::rJthtJ ~'lfi11vim'jl'hnuua:: 

')::tJ::~iitl~mm01vuau~vu1~ Luum·1~u riom 

L~1 01') \ilOGl::nmrnv~LlJ\ilLavYlll~ (ESR) Lla:: c­

reactive protein (CRP) 
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'J V ..,j 1 ''l V I n1'l L1U.11 infliximab urn a.J ~tnn~~J 

DMARDs i1a.J~1u 

-v1nm-s1h::dhrnam-sl'lfm infliximab 

1um-s-rmrn.i'i'hu1w1'1lt1!1mau-slJ101t1EJ~ ~iu1u 
v v 

1 !5 ..... .J u 20 AU tm1-sv1mflYn.:iAmm-s::u::'r1 1 ua::-s::uu 

~ 2 mu 8 atl~mf ~lJ1EJoi1.:i~.:iA.:iiimm-s 
tl1vi'llt1~.:i 1 ~-rmfl~1fJ DMARDs 1l1l1~VIU1 
mn DMARDs Ul\Jor.:iLLoi 1 L~mJttJ1tlrimJ 
~-v::thL'll1mAmfl 1H'm infliximab L'll1'r11.:i 

:: 'i .J 
Limauvi~h1tJ'1JU1VI 10 lJO./nn. 2 A'S.:i LVlfJ'r1 
v:: 1"' 1"~.J .q 1l1mm.:iu-sn tntm-sn ua:: l1A-s.:i'r1 2 un 2 

atJV11lfl1-fl'~v1mYtJ l1~u1l1l\J'1J\J1VI 5 lJO.tnn. 
4 Af~ lviEJYll l1vif~LL -sn 1 ir)m~lJ~lJ mi'11 lim~ 

CV CV :; 1 CV • Ll1ari'r1n 4 1ul1a.:iv1mm mmm~11J'1Jil~v11nu 
m-su1,lJ'1Jt1~'1lt1avia~v1n 18 1 lJGlil\H~lJLL -sm llu 

6 l1a.:iv1n1~fom1ml'tlvi1l1~ 6 (~1 p<O.ool) 

-s::\i)u CRP 1tJ:zf~lJavia~mh~mm'liuntJ (v1n 

39.5 1tlLllu 8 lln.tam) ~i'huilm-s01t1uaut1.:i 

oit1m-s-rmnmh~-s1viL~1 ~iu11m1-su-rnmN'llri 

ua::-s::\i)u cRP avi«~mh.:iii1rmh~cyl1a.:iv1n 

-rmnM 1 atlvi1l111m1-sAnmil-s1EJ~1ui11u~b~ 
J CV .... " .. 'I .J -nai'r1~vi011m~am-s-smn m;iu1EJm.:inu'r1nau 

mLlJuJ11~iin \i).:itftJ ii~i'hu 7 -s1uffi~fom-s 
" <t 1 ' -S'mfl'li1~1EJEJ1 infliximab CM 4 'Sil\J 1m01a:: 

-sriu1H'm 10 lln.tnn. 1vimJn~m-s1limLLoia:: 

'StJ\JiJ'nv::\'i1ttJJ11EJ1U 5 atJmlf LrlritJ-s1n-0i1iJ 

m-snarnuuJ1 r.i'll1u~~ 1 -s1u01riumrn~oirim-s 
... .J " t v ...,. ...,J' 30 

-Sm:n'li1lviEJ'r1mn011-sriua:: 80 lJtllnl'SVl'IJ\J 
.J • .J'~ " •27 -v1nm-sAmfi'r1'r11'1JULUAlmvm1U1a 4 Lm~ 

v 

ririmmum-sYJvia~Lthmuu randomized placebo-

controlled double blind (iim-s~lJQ]1rirm~lJ1EJ 

LmuuLYiEJunuml1arin 1viu~~LLl0maLm::~tl1EJ 
v:: 1li'r1nm11mumv~~l1~riml1aun) iirJu1u 

~imu 13 nu~n1&:iiimm-stl1vi'llri 1~airmL*1 
~1lJn1<sAmflmmnru'lfori~m-stl-s::d3m.h::~'r15 

,.r " .J. 1 ""' ~JaL\Jil~Gl\HL\J\J Paulus 'Yln1l1'UVI l1ilG1Tin1'SG1ilU 
tftrn.:irici~frim~:: 20 m infliximab 1umm1 1 
ua:: 1; lln.tnn. 1litl-s::~'r15r.mm-sfo1fl~Qini1m 
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l1«rinrirmiiuum~cy.,,~ai1~oTuLLoiatlml1~ 1 
~ .;t cv .-.J ,J • .. I """ :; vum::rntNatlml1'r1 4 mmm-su<s::LlJ\Jr.mm~ 

avimu (p<o.008) Lm::trm1m-s01riuauri~mN . 
~ru1u11m~"ffi~-Sum'lJui01 10 lln.1nn.a.:inii 
v • v 

n~"ffimulu'llim-1 1 "n.1nn. • 

~ v • QI 

nT'Blttn infliximab 'l1a.Jnum methotrexate 

n1 'l'A mfl mm 1 \t tn 1 mnn vi LQi u1 

A mn 1 u r.llJ1EJ~LAU l~fom'j-Snm~1aEJ1 
v 

1un~" DMARDs mua::u~A~iimm-s'IJri.:ih~ 
,:;· .J__, v .J 

riam 1 mmnmum methotrexate ('Yl'llU1VI 10 
v 

lJn.1atlvi1li) L tl~EJrn YiEJutl-s::~'r15r.m'1J ri~m 
.J1 ~ ...,,. .J ~ 4 

infliximab 'r1 l1LlJ'1JlJ1VILVlfJ1'Yl 5 l1'Sil 10 l1'Sil 
20 lln.tnn. numl1arin 11m1-sAmflLL\J\J double 

blind LVIU~VIG11m·rnU1\J 12 atlmli v10n1'S 
:: .J "•'J y o' I tJ 'j::dJUf.Ja'YlO ~'S~'r1r·I u1fJL'1J1lJ1Y4\JILYl'YlfJ l'l\J11 

• v 

r·JU1EJf tJEJa:: 71-8 6 ~1~fom methotrexatc 
v 

.J <t 

~1lJO\JEJ1 infliximab Yl'lllflVI 5 lN 20 lJO.lnn. 
ilm-s01riuauri~oirim-s-rmn (1Q)~1 ACR ·foaa:: 

2 0) Lrlm tl~U\JL Yiau nu ntjlJYiL~EJ1l1 avn~1lJO\J 
.J .. y 1 ' m methotrexate 'r1G1vUtf\Jil~Ll'IU'3WUa:: 14 \JlLGl 

a::nrillii~11rnJ~Jll1mri1nu 7 rl1um-s01riumrn~ • . v 

(ACR friaa:: 50) riy11J'li1~-i'riaa:: 4 3 fi~ 71 
d .... .,., 1 ,.J.iy 
LlJtJLU'SfJUL'YlfJUnmriEJa~ 14 lJn'1lJ'r1 LVIU1l1ailn 

1vimt11 tlv::a~m01L i'.iu m-s01riuau~m~viailn 

mEJ1unai 1 fi~ 2 atlmlil1a.:iv1m~ll1li'm 28 

v1nm<sAn'l:flLLU\J multicentI:_e randomized 

double blind mnl'j\h::Lihmam'j1l1u1 infliximab 

l1'11EJA~ 1u~rt11EJ~n1&:! 1mum methotrexate utj 
v 

y .J "'.I " "'ti " 31 LLa1 'r1'1JU1VI 7 .5 lJO./tfuVll'\1 UllJ 26 a Vlll1 
" .- u. I *' 28 LLa:: 15 lJO./tfUVl1l1 'Ul\J 30 tfuVlll-1 

!5 l! l! .r "" ' ACT r·mv1nm'jv1mflY1.:iari~m~m-sa011 A TIR 

(Anti-TNF Trial in Rheumatoid Arthritis with 

Concomittant Therapy) l'i1tl<s::LihJth::fl'r1G~m 

'1Jil.:im infliximab 1 tJ~JU1EJ~L UtJh~'llilBnLtf\J~ 
v 

~x , "' 'd lJ1G1ilfJVl'YlVltJG1iln1'S'Sfilf1 (refractory rheumat01 
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arthritis) n1'iAn'l:l1A~if tl'i~aihmam'i{n'l:l1 tGm ltf' 
rnru~fou.:i ACR tviuYi1m'itl'i::dhr'l1n ~11mHfo 

tl1vi mnwii'u01.:i1uvimmi'11 'i::~u'llu.:JAl CRP 

ua::'i::~Utlu.:JAl RF (rheumatoid fac1or) ua::Al 

ESR a'itl~m tviuntim'iAnmm.:iAailn~.:imh1 H • 
1uvi1m~ 2 

Na•nnm'iAOl:fl\~ui1m'i 1li'm infliximab 

TilJnum methotrexate 1\1'r.mm'i{n1:11~ni11li' 

t11\1aun~1tinum me1hotrexa1e mh.:iih!mhA'cy 

m.:ia~Gi ua::~mm'iviiluairn.:ioirrn1 Lnvi~u 1~ 
LTini1 (mu11J 2 atlmH) 1im~tiittITT'um1u 

.J 
1J'U1Vll11l.:J 

" 
rlVl'flnl'iVlilUllUil.:Joiilm infliximab ffill 

-htinum methotrexale ~ni1itlmum inflixirnab 

uoi L \~t1.:iilu1.:iL~t11 iim1m \Ju 1 tl1~ilu1.:irl.:ii1u1 
"Q ... .,.J 

metholrexate illvv::n VI nl'ill'il.:JlltiA" nul1 . " . 
Ln~'uMv1nm infliximab33

'
34 m'i1li'matl.:iGi'1-ht1 

n lJ ii r.rn Yi11li''11::ail01 'j a~ ~1a.:i11 il.:J '):: ~ u lll 

inflixirnab 1u:zi~" ua::u.:i'li1ua~m'ia~1.:iLrnuol' 
J'.J" "' - .. Uil~l1m1m1 infliximab Ltlil1Lml::l1~Jam'i 

Anm1unritiUilll'llil.:Jm'iAmn ATTRACT 1li' . 
r.rn m'i{n'l:l1~iiArutl'i:: tm11rLrlil 1 li'm inflixirnab • 
LrlmLu.:inrim.lu1uvi1t1L\'IA mu J1m!n ao11J . " . 
.J ' ' ..J !'1 t ' .J !'I t ' l1illl '111.:JL1illl1LuU 'iA '111.:JL1all1LuU 'iA nati " . 

Qi. • '""' l11.:Jnlll1JllA Ol'il11.:JlU Ol'irflVl~'IJil"1nilU 

Al RF ~1mum'iu1tiua::Gi.:i'!Jil.:J,ril vi::mm 

4 .., " d .. 

metholrexate \1 'i il Ol'i'i n'lfl ~1 llllLVI ll'i il llVI 

~1t1~1u Al Odds rario 1unritiUilll 1ll1ri1dv::ilu 
' " 

1u?i1.:i 1.6 il.:i 13.3 (A1~t11nni1 1 \1muil.:iii 

th::tt1'11Um'i{n'l:l1iJ1nni1m\1ailn)35 

Suvara Watanapitayakul 

n1'i~01fl LL UU L l-i' t1l 'i::t1::l111 

Lrluu~m'i{n'l:l1ililn 1tJmu 28 atJvi1lf 

1mru1u 19 'i1ut~u1li'm~'llm~ 10 tin.1nn. 
" 1 " "'• I ,..J ".'I "' 1 '"' l1mauml1l1 12, 20 L.rn:: 28 ~u1llll.:JA.:J ~'iU 

m melhotrexate 1umn~ 10 iJn.1atlmlf m'i 

VlilUll'Uil.:JVl1tiLnru~foil~ ACR u~A~iiuumiJil~ 
" 

40 atlmH 1mSu1u 11 'i1t1ii ACR20 (Amtl'U 
" 

·foua:: 58)Lrn::iim'iviilua'Uil~ ACR50 1m.r 
" .'I ( " ".'I _. .,.r d u1ll 7 'i1t.I 'iilt1a:: 37) r;!u1lll!Ulnl'i~'ll'Ultlil 

'1 I '1 e V .Jq 
1rnv1 nm tilm :i1'U'll il~v1m1rn um.J01'iU1lJLLa:: 

01~ {nl:f1')::~Utltl~A::ll'U1J HAQ LLn::'i::~u CRP 

1 '1'A~~V1ail~na1~Yi1m'iAm:n2° 
LrluuGH1mm'iAn'l:l1ililn 1tJ11m1'il1~nil~ 

tlil~ ATTRACT Yi1hn~\1~n:i1lm~tiLGltl 
t1il~m'iV1ilUll'Uil~·rrnviailn'1Ju~m'i{mn~1vu1 

infliximab l1~.:iv1nGi~vi1tif.lnnl'i{n1:11mu 54 

atlV11M rJu1uffi~fot11 infliximab 3 lJn.lnn. 

l1n 8 atl~TH'~1tinum me1hotrexa1e iimwmu 
' I .. .J I 

auu~~ilmm>Hnru~t'IJil~ ACR20 ·zmnn011 

uu1.:i iii!mhA'cy Lrl u L tl~um iiuunu rJU1 u~1Q)fo 
Ull1aun~1tinum merhrotrexate iim'iviuu 

' " 36 .r " .J 
mrn~viilmwua:: 1 7 m'il1~ail~Luu~viirn 

An'l:l11mJu1u 285 'i1m\J1mmmiJ 1 tJ ~rn 

m'im1vm~m\•1{~ihmi1 ,Jiloiil 1irnm'iYi1mu 
_,: .f 1 ".'I ..J., ""' d • I .. LWtl'll'U lHlu1lll1 Lmum infliximab LlJilLu'illU 

" 
Liiuunu~u1u~11mJ 63 'i1t1~1~foml1niln~1" 
" 1q1t1 4 .J 
num mell101rexa1e VIU1llJilij ·rnua:: 7 CN 8 l1 

wui1m'iYi1a1t1'1Jil~~uoiil L \~iJt11n~1/6 

r.rnm'iAn'l:ll'IJil~ Lipsky ua::Aru::~n1~1J 
1utloiuti131 1Q)n1m'iiLm1::Hr~am'i~nm 1 li'm 

urlrru1u 428 Tiu~rnmua~mm')t'ivivurl'mam 
" " 

mviuu~ ~ 'l ffivi1'um methotrexate mn~mffi'Zf' 
An1:11 3 \1~il 1 o tin.1nn. 1 li'l1n 4 \1~il 8 

' 
atl~1lf ~1tinum'ifotl'i::'Yl1lJUl melholrexale 

'i::u::nmffili'mmiJ 54 atlvi1lf tl'i::Lijmrn tviu 
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.J 
mnrn 1 r~timmn infliximab oiri leukocytes um: 1NF-U induced factors 1ut7t'.hEJ1'lri'limimumrn01riEJ~ 

v v 

.Ji ..., .. " "' :: <I 8 19-22 5-68 ritJ 'YIL~')ummm1 1,10 'lfirJ 20 >.m.1nn. L'lllYrnmrn~mri~ri~L~m · 

1ifmUil~flmfl 
mnmn 

IJil~liiVlif'll (lttlJ\JO\J baseline) 
(Hn./nn.) 

u .J 
1m11 <ltl~mr~ 1 iltl~mrrl 2 .rt1~mrrl 3 <ltlvrni'rl 4 

trnoiri proinflammatory cytokines 

IL-1(3 ut,, 1 llill 10 -1-1-!.-!. -!. 
lL-6 ut11 1 llill 10 -!.-!. -!.-!. ,u -!.-!. -!-1-!.-!. 
Chemokines 

Groa synovial tissue 10 tt 

lL-8 synovial tissue 10 -!.-!. 
MCP-1 synovial tissue 10 -!.-!. 
MlP- 1 CX llll~ J3 synovial tissue 10 tt 

RAN'fES synovial tissue 10 tt 

r.rnoh1 lymphocyte migration 

Leukocytes 

Lymphocytes 1 l liil 10 tt tt tt tt tt 
CD4+, CDB+, T cells 

... 
lllll~ 1 llill 10 t t 

CD3+, CD4+, CD8+, T cells synovial tissue 10 \lill 20 -!-1-!.-!. 
Monocytes l~iJ~ 1 \lill 10 -!. -!. tt tt tt 

Neutrophiles l~iJ~ 1 11ill 10 ,J,-1- -!-1-!.-!- -!--!- ,u -!--!-
Endotheliill Adhesion Molecules 

E-selcctin ut,, 1 11ill 10 -!. -!.-!- -!.-!- -!.-!. -!--!-
synovial !issue 10 l lill 20 -!--!-

ICAM-1 
d~ urn 1lliiJ10 -!-1-!.-!. -!--!. -1-i i1-!.i -l,1i-!-

synovial tissue 10 i 
VCAM- 1 ut11 1 lliiJ 10 tt tt tt tt 

synovial tissue 10 l till 20 "-1-H 
.,j 

tHHl1J 1 
MMP-1 ut11 1 l lill 10 tt ii -!-1-!,,J, -!-1,J,i 
MMP-3 ut,, 1 lliil 10 ,J,i ii i-1- i-J, 
NOS-2 expression PBMC 5,10 llill i,J, 
NOS activity PBMC 20 i-J, 

5,10 lliil 

20 

llllllJlllO't: • 
Gro<X = growth- related gene product-a; lCAM- 1 = intracellular adhesion molecule- I; IL = interleukin; MCP- 1 = 

monocyte chcmoallrnctant protein- I; MIP-1 = macrophage innammatory protein- 1; MMP = matrix 

metalloproteinase; PBMC = peripheral blood mononuclear cells; NOS = nitric oxide synthase; RAN'fES = regulated 

upon activation, nonnal T cell expressed and secreted; VCAM-1 =vascular cell adhesion molecule-I; 

ti lliil ,!,,!, ,11nvii~1~11il'm1iiJ11~11~iJli1~ii1Tvlt1Fl111 (p<0.05); iii-!. 11~11~Dli1~ihTmhFl1111rlDl1nu111n~~~uh 
Ju; "'lliil t il~il~llim1~1Jil'UDU1~l1iiiti'ml1Flty; tt11i1tl~IJUlltl~ 
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:: .J., " .J • ., 31-32 
fl-:ILL\J\JYl'ml:tlYl1tJE11LYltnLm::n>Jnurn methotrexate 

m'iflmn mn~un inniximab MTX Gi'111tl 'i l1m1v1'~ 

( 'i::U::l1ol / (~1U1lHJ\J1ll) 

iltl~l\l) ___slC..__ l'lC CRe 
B E B E B E 

Maini el al 
31 

1 >rn.100.llO 4 iltlvn\((14) + 16 4 17 4 3.2 3.8 

(26) 1>Jn.100.llO4 iltlvn\f (1 5) 20 8 33 8 5.3 3.5 

3 irn.1on.l1n 4 iltlvn\f (15) + 16 3 21 1 4.2 1.9 

3 >rn.1nn.l1n 4 iltlvn\f (14) 17 11 31 10 1.8 2.0 

10 )JO.tnn.l1n 4 utlvn\l (14) + 20 6 26 2 3.5 1.9 

10 >rn.1nn.l1n 4 iltlmlf (14) . 19 4 23 12 4.5 1.5 

PLA ( 14) + 17 17 28 26 5.1 6.5 

Maini e l al 
32 

3 >rn.1nn.l1n 8 iltlvn\I (86) + 19 9 32 12 3.1 0.8 

(ATIRACT) 3 )JO.tfin.l1n 8 a tlvn\f (86) + 20 9 31 11 2.0 0.5 

(30) 10 >Jn.tnn.lin 8 atlvn\f (87) + 20 7 30 12 2.5 0.6 

10 >rn.1nn.l1n 8 utlvn\f (81) + 23 6 35 9 2.4 0 .5 

PLA + 19 13 24 16 3.0 2.3 

lllllllL\Wj: B = baseline; CRP = C-reactive protein; E =end point; SJC = swollen joint count; TJC = tender joint count; 

MTX = methotrexate; PLA =placebo ( lllmllln ) 

l "' d ..,:, v l"' " :; a utJ ' • llll1ll~~ L'i1J~ll (baseline) un:: \llll\ll'l~~nnmmn 2, 6, 10 1rn:: 14 U ~1\1 

nTw?iiviLm::u1u~.:iaY1m">l11'n1v·1nN1lvoiv mi 
" 

m">An'tflLLl'f~lli'L~1Ji1 rJtbvitlmurn infliximab 

fmnurn methotrexate nuoivm">~m:flviavY1vuii 
dQ. d I I ..J .., ti 

~filill\~'1flVIYln11n~>Jmu ">::mum methotrexate 

L\~mvti'NL~m uvnv1nd...,~n!i11m1.:imvm1u~.:ia 
LLM1.:illi'L-Hui1mi>J~1~m methotrexate Lthlfuii • 
m">l11mv'1lv.:i-iivoim \~>Jmn~u LLoi1i.h1u 11m~>J 
d1 \I "-' I fl.I .J • l1 YI v.1 ll v.:i m ">1J.JnlJ'll.:i ni ">'l:l::a v ni">ma1 V'llv.:i 

.zivoivdu.:i\•m 1Y1'1una>JnL~fommH1v:: 1>J1 \i'r.m • 
- - .J,q 01'> VI !l\JlllJ !l.:J'Yll.:Jfl CllJn'YlYI 

">1v.:i1u nl ">A m:nm.:i fl~iJn~L l~.:i rJ1um 

li.hnllvlnna>J~lflf.llilnl'>An'l:fl ATIRACT 1~ • 

infliximab fumYI 3 'rl~!l 10 >Jn.1nn. Lmvrnnuu 

nuna>Jftlmurn methotrexate LWEJ.:i!ltrnL~m • 
m">1Lm1::~r·mLLllY1.:i 1 li'L-H1Ji1 m'i 1 im~.:illv.:i 
vi1~1" n1J ii r~auuB.:i m'il11a1u'1J v.:i1lv 1Yi'1 mb.:i~ 
~mrnrnJii.:i 2 i'.J 1Q)~ni1llfm methotrcxate 

l\~V.:Jvi1L~fJ138 

Amfll'Uf.JlJ'HJL')'"1 Crohn's disease 
" 

• I I .:ii 3 9 !3 Ylltlf.11.:JVl!lllW.:J nl'iv1nl:tl'1J!l.:J Present ua:: 
~0 .J ' 1 "·'' .J"' 1 Y1ru:: nm 1mu1v 94 Tif.l l1>JLLm1Y1::a um.:i 

~ . 
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L~\Hll'r1l'>L~rNv1mi'.ltJbY1 Crohn's disease 

'll\JlYIEllifl'lf'Amn 5 im.1nn. (31 '>lfJ) Lrn:: 

10 im.1nn. (32 nf1) Ltl~f1rniiEJunum'r11rnn 

1 " :: " 1 "!' .J "'ti ~..i (31 '>lfJ) 'r1Ellm~LL">nmn 'r1'1i1Y1'l Yll'r1YI 2 
~ ~ • qtl 

LLa:: 6 'r11N"lln\J\J l'HJ11Ell infliximab ii '):: 

ari!h.mnwfo'l:llLLC·HlYl::a (fistulas) 1tJYll~L~\J • 
Ul'r11'>~tl1fJbY1 Crohn's disease Ltl~arniiEJunu 

mi,.,~1~fom'r1a un~mrn 1 um~ L~Ut11'r1W1Jt1~ r.r . " 
tl1fJLLC·HIUYlf rlfJa:: 13 \'lUil'lJlYILLC·HIUYI 1Mllf1 

a:: 55 1unri,.,ffimum 5 J.1n.1nn. (p<o.001) • 
LLa::fafJa:: 38 1tm~J.1lmum 10 irn.1nn. (p 

<0.04) vlnn1">Anlfl~L~f1ni1 ACCENT 1
39 

Yi1 

n1 ')ti "j:: L)j \J ti 'l::ari G 111 \~Lia:: fl11 ).I ti a llYI Ji' El 'IJ !)~ 
.,,f 1 " !'I .J' ~ • 1 ".'I EJlL).lll 'liEJ1Lu\JL1al\J1\J'IJ\J n1'>v1n'l:l1Y11 W.lu1U 

' " 
~1\J1\J 573 TIEJ~iiri::mm CDAI (Crohn's disease 

l: ' .J' 1tl 'i ' ".'I activity index) GNLLOl 220 'll\J LYIEJLLrn rju1fJ 
!'1 1" .J ~ Lu\J 'r1Ell infliximab Yl'lJ\JlYI 5 J.1n.1nn. m~LL">n 

mf1Yi1m">riJ.1o11mrNllllmi'.ltJ 3 nriJ.1 nrimL">n . . . 
Li'.ltmriJ.1iiLifoE11'r1alln r.ll11EJnaJ.1~'1t1~ Mfo . " . 

' .J !'1 ' .. °'J ,,., m 5 J.1n.1nn. LLa ::naJ.1Y1'1lJ.1LutmaJ.1Y1LYl">UEll . . 
10 J.1n.1nn. r.llJ1fJ Mfom 1mttlmlf~ 2, 6 

" "'ti ., Q.I :; ... Q/tl ~..i 
na::rin 8 a Y1l'r1'r1a~v1nuuv\HN'1 Yll'r1YI 4 6 • 
l'mi1r.rtl1EJ 335 ')1EJ (fufJa:: 58) Yllluflull~Gill 

" 
m">MfoEllL\~fJ~Af~L~EJ1i)lf11tJ 2 iltlmlf 1u 
"'ti ~.J ".'I 1 ' .J • '1 Yll'r1YI 30 r.Ju1EJ tmaJ.1Y1 1 v1\J1\J 23 ">1EJ " . . 

v1n 110 '>1fJ (ft1EJa:: 21) iimm">YJLala~ 

L tl~EJUL fiuu OU naJ.l~limGi ll~~ '11l~ n a ).J~\'l'lJil • • 
.. .r " ) " mm">Yl'lltJ'>llEJa 39 (p<0.003 LLa::">llEJn::4 5 

(p<o.0002) 1tm~,.,~ 2 un:: 3 Y11J.1a1~u 

fl1'j't1lWlfHJ1 (Tolerability) 

1 "~ " d ' .J YI ).I n1'>'>1'lJ')1).J'IJ!l).J a L '>ll~ nl'>'r1\J YlllEJlYI 
" 

liv1n'r1a1fJn1">Amn3
5-4° ">1J.J~~n1'>YIYlall~~ii 

naJ.JfJl'r1ClunLiJtJmimnUAJ.J ).11\'ilnl">iL~lTI::lf . . . 
1 trnf-.,;I fo fJ ii r.rt11 EJ~ L i'.l tJ hvi'll llrl' ma mm 

" " 
YlllfJ~~ltntJ 203 '>1fJ r.ltl1fJbY1 Crohn's 

" 
disease -.S1mu 19 9 ">1mLa:: r.lll1u bria1 la 

" 
rl'mau (ulcerative colitis) ~ltntJ 51 '>lfJ LYlfJ~ 
iir·JU1fJ 4 54 ">lfJ~1~foEll infliximab LLUU'IJ\JlYI 

" 
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"" .. " .'I .J1 ""' LYlfJ1'r1'>1lLL'lJU'r1a1fJ'IJ\J1YILln::r.Ju1fJYI Yl')'lJfJl 
" 

'r1alln-.S1u1u 109 nEJ 'lltnYlmmiLi'.lu t.5 i)-., 

81 J.Jn. 1nn.1 tJr.i'lJ1EJ bvi'llllrl'mamJ.J1Y1!lfJ~LLa:: 
" " 

5 .3-63 J.Jn.tnn.1ur.ltl1fJbY1 Crohn's disease 
" 

I " .. ' I .Jl ""' "' L l'l '>1 ::11r.Ju1 EJ YI YI ">U fJ1 'r1 n ll n tl ll\J Y11v1nm1 
" 

Anlfl'r1~ll li.imJ.11">tlGiY1Y11mm l~mnni1r.ltl1fJ~ 
" 

lifoEll in.fliximab ~Yi11li'">::fJ::na1~GiY1Y11J.J 
r.m 1tmaJ.Jif iu (12 it'tlvmf) LrlmiiEJununriJ.J~ . . 
1ifoEJ1 (22 atlmli) 

'll ll,., am ">Yl\J Gill f11 u-., ii ml1 tJ '>1f1'11U'll ll~ 
" " 

~ "' " ~ .J ".'I 'i ~..J.i v U">'l":IY1r.Jr.m01m1u">1J.Jv1 n C·Ju1fJ L">mmYlllfJYIYI LYI 
" " " 

-ruEJl infliximab 555 nmrn::EJ1'r1nlln 133 TIEJ 

LLn::1'1fnmAmrnrnJ 26.9 LLa:: 22.3 it'tlmlf 

LY1m1J.JLL~1 \~ui1 r.llJ1EJffimumft1fJn:: 
" 

76 iiJ">::'1um">runUL'r1Yln1">ru1ih~-.,tl">::'1~~tu . 
tl

dl di '1 I .J1 V d .di I "' 

L ">fJULY1uununa"Y1 ~f11'r1alln'li~J.JllfJ">llfJ~ :: . " 
57 mm">hh~~tl">::'1~~ri1u1'r1ajLllu tl1~~h1:1 :: 

.,, l" .. A .r .J A 1 _J viatJ '1 ).Jn1')0l~L~llYIYll~L~\J'r11U V(l1\JU\J lln:: 

ti A~A d .J V ., 1 V 

!Jn">EllYILnfJ1·1rn~num"> 'r1El1LLUU infusion 
"'l ' d ti ... .Jq V I V L'r1Q"jn1'>tlJ lJm ')::~Vl't'lllTifHl\J\JllEJn11 ('>llfJCl:: 

5- 10 ~Wm) l~LLri U1~lltl~ 'r1au~L~fJ~rlnL'1\J 
iil'll mL~fJ\J 11l tu~u tl1~ tl1J.Jn 1'r1a htfa 

" ~ .o..J'.J ..:.. .. Of f .q 

!lmau YIYIL~llm::uum~ LY1\Ju'1'111:: lltl\JL \'rnfJ 

LLn::~\J 

d y 

C·l\J')!lfJa:: 0.4 

tlfimm 11vimn (Sensitization Reactions) 

t15n~m~Ln~"l1nm"> 1 limLLU\J infusion 

\~u 1~'1 m-lll1f1YiLi{umf llfJa:: 5 v1nm"> 1 lim 
" 

~~'r1J.J~ 1,201 rif~ ~~iit15n~mLi'.lmmu li.i 
~1Lm::Lv1::v~ LYlfliimm"> l'll41 

ua::v1nm">Anr11 

LLUUL~f11nuilnm">Amnn1ir.mL'lfm~mntJ flll 

tl">::mrufufJa:: 4 "llnm">1lim 3,284 ~f-.,42 
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Lrlv~vi011l.J~1uiurStl1uffi'lfm wui1 t·Jtbuif't~ v v 

._, cf "'""' '-' V I J' " ')U£J1 infliximab l.JvUG1n1')N~Hnai1t1mv£Ji't: • 
11 Lll~urniiuunur.lu1uffi'lfml1avn Lnvi~u 

v 

" d A .rl" 0 "''l"" ) 1v£Ja: 7 v1n11nLnvit1u viun l.J '11 (1vua: 1 

V1n1')~LOYl~lJnU'):Um111vLLa:UvYI (l~LLrl 
L~Ul1lJ1vO fl11)J~lJ fol;01~1 fl11)J~U fol;oi~~ 

1 . " 40....¥~ 
ua: mu vaiu1n) 1v£Ja: 1 mmnvitiu·rmrn~ 

I " :; .x ... ".'I " I " .J vuwrnua: 0.1 mmir·1u1mrnu0111vua: 2 n 
v 

~1LUUolv~l1£JYl£11 rStl1uhfl Crohn's disease u1~ 
• v 

.J y y 

mhmii01')af1~Lrnu~uv~qjvm intliximab LY1£J • 
v:iiu~n~m liqj v mLnvi~ul~u vuni1ntj"~'J42 

" ,,3 .:J " 
fn'Hf'Hmfl'UGlUfl Vl'lJ'U3fl Gll'l.lt'.11 infliximab 

011l~·fo murine monoclonal antibodies 

human 
cf 4 " ' ..., .J <IQ, anti- mouse antibody 'IJU f.HLL)J11 ~n£Jfl1l'mLnYI 

01 101 vu a\J v~ ~1lJJ1 iJ !')" n lJtl v~ ~1~ 01 [J nu 
v • 

4 J' J' ., :; 1 
chimaeric l11v LLvUGJUvYl'IJv~mnimmavia~ u 

' 
01 1 af1~ LLvu~uv~~qjvGi'1u 1viuli'1 l uf1~fl~ LOYI 

~lJmi43 LLqjnf!~ him1ULLlJtivii1 011af1~LLVlJ~ 
v 

uv~m~1ifa.u.mvr.fN h1u~viaiin 011l m um 

infliximab minmma1iir·rnqjv01101nvm1:~u 
v 

" J'c1 .., ..., d 1" ATI Yl1£Jll101Uv~1Yl1:YIU ATI U.Jtll1£JYI l1EJ1 . ' 
.J " .r :: .r . ... 

A11J.JCl'Uv~011n11~ ATI 'UtJUlJ'IJUv£JOU'IJU1Yl£11 v 

I "". I ; ..., 1 .,... :: 
intliximab yjU11 12 auml1l1i't~v10 mumm~ 

" 1 " :: :: 1 "·'' qvimuv1n011 l1mn~l1)JYI 5 m~ u~u1u 

'i' " ..., ;q " J' " 
L1fl'IJtlvnLnU1)J101vUYl)J01')n11~ ATI '1JlJ1v£Ji't: 

v 

53, 21 LLa: 7 1mJU1u~l~fom intliximab ~ 
timvi 1 J.Jn.1nn, 3 J.Jn.1nn. LLi't : 1 o l.Jn.1nn. 

e CV d I .J 1 

Ol1lJa1YIU lJ011LnUVLLlJ:m 'IJU1Yl£J1n~~011 

.J " ..., . 1" V1vLOfJ1'1Jv~nu immunolog1cal tolerance 01') l1 

m infliximab ~1).Jnum methotrexate '1i1uavi 

011af1~ ATI L~ iHv1n infliximab 1u011ftm:n 

Lalu1nuif l'4ui1 il0111011af1~ ATI Luuf vua: 

15, 7 m1: o Lrlv 1~fom1umnvi 1, 3 Lm: 10 

im.1nn. ~1).JtlU methotrexate 1u011Amfl 

ATTRACT rrll1u 27 ')1£J ~l1fJYl~O'cfl~1U 
v • 

intliximab LLa1m1vavum A TI lrni1iimi 3 
v 

Suvara Wata11apitayak11/ 

')1uffi-Hr.m011m1vLUuuin 1viu~ 2 11uiM1 

l01L01vf 1: 1 o ui't: iln 1 ')1uii~1 l01L01vf 1 :40
32 

.... ... 
flVlil3JGl1'Ul11'U 

" 

01')GiYIL~fl 
d • ~ :; A .. 

LJ.J mnL t11 n1')v1 mnm l1 )JYI m1Lfl11: l1 

V 6.' I Go ~ ti .(} 

'j tJtJa: 11 LLa:vYl110lYIL'IHl')lJLL1~1tlfJi't: 1.8 • 
'Ii mrnffi~v1011u~1uilMv1n0111'1f m011i11 u'1''31: u v • 

0 "•'' .J.i .,... A A .r 1 "" d 11 f·lu1£JnLY11UEJlLOYI0110lYIL'lifl Yl1tlfJa: 26 LJ.Jfl 
v 

'"' 1ce d .., ' 1 " .J..,. • " Lu1urnnuununa>J viml1minnm1u1t1ua:: 16 
• v 

_, A ., 

l1~v1n~Y1ml.J~mm1')n~1mu 27 LLa: 20 
.,. I ; .J.,. ' l: .J ., !'I .,. .r .J 
nu011'11 nJ.J11fl-3llJUvUfl1~Y1''1Yl)JOluU01')01YIL'litln • 
1:UUYrn LailJl11[J 1 vrl1UUULLa:m~ Laiuilaai1: 42 

DYl1101')011£J1u 30 auvi1\f~l'IU1lrn11 
ftmn ATTRACT LUuftiui't: 3 1untjl.J~Mm 
l1atin LLa: r.llJ1unl~m infliximab iitim1011 

v 

" "·'' .J !'I ~ .r 011U1f1£Ja: 0.6 fju1Unfl~11flntl~ LU011VJO'l:fllJ 

011uv1n01')0iY1L1f v 1 U'lb~ 6 Laivu~at1~t1v~011 
An~1 (m1vv1ui1Lum:A't1iruhALm::L:5t1')1) ii~ 

" ' Clf .., .., ., .., .., " 

LL"11)Jfl11l.Jn)JftlJ~OU'IJtl~01')10~1Yl1£JfJ1 

infliximab LLqjnti~ liim1umltivii1 TNF- a. ii 

unu1mh~C\! 1 lJ01')UOU t>~L:A'v L ')fll l1~1if mu 1 u 

L'l1" mh~ hn011l.JGi'v~~hu~ii~~1LOiamMu1ti'u 
d .J' y 1 . ., .r 
L 1tl~lJYl1U Un11v1U£110l1lJ 

... " 'b d' ..r LOVI01')n')1~ autoanh o 1es 'lJ'IJ 

.J " ., infliximab Lm:m eternacept LO£J1'1J fl~OU01') 

af1~ Antinuclear antibodies (ANA) ua: 

antibodies to double- stranded DNA (anti -
.r 43- 45 .. ... ' .r .r :: ., 

dsDNA) tlU Cl~LLJ.J11LLtllJOIUtlYlmati~on 

ifiiau1mlll1uhA'livilmamm01vu~ ANA ii v v v 
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uu1m.ru1ufmm:: 50-75 mi:: anti-dsDNA iJ 
" " 

lim1')fln~1 ATTRACT m1v't'IU ANA 

1~Ham1:: 23 1w-ri'.hu~1~El1 infliximab Ldv 
" 

L tl~urn Yiuunu~1o1m'trnunmm~u~faua:: 6 1u 

'IJCU::~naJ.J~1~foEJ1iJm')m1v't'IU anti-dsDNA • 
1o1faua:: 16 (54 ')1EJv1n 342 ')1EJ) Lm::hJ 

't'1rnau 1 imaJ.J~MfoEll"Mavn lfl')LLmJQf u ui~~ . 
na11iJ~um1'~v1m~J.J 1~foEJ1ln\J 4-10 atfomf 

(1~rnm~EJ 6.5 atfomf) LLa::v::~!lEJ'l mu1tl 

1 V I l: di CV 1" 31 1 ... ., 
\ilLITT')::m~uuma't1~Vln't1EJ\il 'lfm mn-rnn . 

J1U~muaniNm1J.Jam~iJif'llITT'llU1vim infliximab 

nunmnviLLmJQluaiv1nm')flnlfl A ITRACT 
.J ., " r.ru1utl')::J.J1ru 880 ')1EJmmnmu 

" 

<d J' V """ ""I. J' 1 '11.11 I J.JLiJ!l')lEJ 7 'lfiJ\ilLn\il'llU 1Jt.lu1EJ!lEJ 6 ')1EJ 
" " v ~.... v 

v1n 771 ')1EJ (')!lEJa:: 0.8) mmfl\il1EJEJ1 
,. "'. I < 1 .J "' !'I infliximab UlUtN 36 llu\il1't1 \ilEJYl 5 'll'U\ilLuiJ 

LLUU~Ln\il~u1mJLm::Dn 2 'lfiJ\ilna\JJ.J1LlJWJi U~ 
1 ~.J u """J'v.Jvcv 
i.iLUU't1Yl'i1ULLll'lfvi11 nl')Ln\illiJ!lTIEJlnE.11'/J!l~nu 

m')WEJ1a2.•2 

C·Janl')flnl:/1 ATTRACT l111\1Aru:: 

m') J.J m 'j mm')LLa::EJ1'1Jv~tl')::L 'YI An't1-r~ !l Lll~m 

EJuJ.Jfo N1'lf'El1 infliximab l im1')-rmn 1 ')A'llu 
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m 1viutlaa umL'171m~ Lam~a\il~1mh~oi m ~a~ 
(intravenous infusion) l'l1') l 'l1El1L 't~l!'t1a~v1n lli 

.t; .J "'. I < 'l" ., .t; 
UlA~LL')nYI 2 Lm:: 6 nu\il1mm::~'t1U1't1~v1nlJiJ 

iin'Yln s atlm'tf m'lllimnJ.Jnum me11101rexa1e • 
LL a:: 1i.imJ::ih 1-.,1'lfmdnrn~n 

tl1wfohA Crohn's disease 'IJU1\il~lllJ:: 

ih1-.,1'1i' 5 J.Jn.1nn. 1viu1lim~LauL~vvi~1mh~ 
• d • .. <.J 1 " 1tl vim irn~ 'li1EJa\il'IJU1\ilEJ1«l\ilEJ'luEJ\il'YILAEJ '/fa~ 

iJ r11LQimJ5~ m1J.J L~EJ~ oi v m'lLn vi GI vi L ~a 
1 w-ru1u~1o1fom'l-rn~1o11um l imal! anti " . 

q r .Q I 11 .J.q A. ..r 
TNF-U J.J'l1EJ~1tn1J.J !lEJ\HlEJ'llEJYIJ.J nl'l\il\il l'lf!l 

" 
I d I ~ dC!tt. f°I J '1 I 

!lEJl~'llHL 'l~LLa:: fl~LLn LC! EJ'lf1\il l uiJ'Yln~ Ln\il't'IU11 . 
tJU1EJ!lln1n"m~~1Llluo1a~ Mfom infliximab 
" 

... .r . " .J' 42 
n1')\il\ilL'lf!l!lEJ1~"flEJLL')~'IJiJ 

l'l1'l\1EJ\iln1')-rn~1o11EJ infliximab 1iJ • 

(lupus- like syndrome) 

'U'Ylf;f"HJ , 

Ell infliximab Lllim1o11iJ«l') TNF-a 

~ tha~ iJuYJU1Ylrl1~ cy oi tlA11" 011 \1 iJl'IJ tl~ nl') 
... 1 .J ... .J' d ... ti ... " ')n1:11 ')A'YILn\il'IJULU!l~mlJ.JC·l\il n\il'll!l~n1')n')1~ 

lfl')rlulli'Ln\ilm')ilmauvnn cytokines L'liu hA 

'/Jailmau~J.Jl\il!lEJ~ Lm::1w1 Crohn's disease 1iJ 

Uvvuu v1nm'lAmn~LL«vi~5~tl')::~'Ylfimv1Lrn:: • 
m1J.Jtlaavi.11ulum'lH'm lmru1uhA'llarl'mau 

" 
')"1~t!EJ~ LLnVl~1li'Liiu11EJ1 infliximab iJAru " . 
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tl">::lmnfm">i'mnmm">tl1~1iml~1V'~ij~rnti1u 

'lf::m1m">n1mu·1rn~vri~n~1u ijm1m\Ju ltll~ 

i1 U1 ~1 ;1 iJ \J 'YI \J1'YIa1iJ(\!oifl01 'li' n \'111 'l VIV fl 
U _,cJ 1 4'.I 8 I 1 d 
rimnu~m01riu~Y1mn01rim">">n\i1 rim~ ">n011>J 

d :::1i1""" .J.J ... 
'i1fl10rl1""::l u \J ""UYl1"1\J~'Ylfl1'ilfl>Jll'l"1'>0l1 

tl'i::nriu "1nm">fln\i1'llrl~ Wong um: 

viru::, 200 2 •1 ~tl">::dlu">1vi1m">i'mfl011m::uu 
ARMIS (Arthritis, Rheumatism, and Aging 

Medical Information System) l~Ui1 n1'i1llm 

infliximab ~1>.Jnum methotrexate i'n\i1hvi 

ti'mnuVri">moiriu~muil~ 54 atl~m1m">ilf111>J 
" 

~J.J~1~1u~h1·1N1u1lJm">i'n\il ldri~hil~rnm">~cy 
laum-HA">\i:ln" ldmJi'.hu himm">nn1~1ul~ 
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NEW DRUGS 

Nicergoline : A Drug for Dementia and Vertigo 

Laddawal Phivthongngam 

Department of Pharmacology, Faculty of Medicine, Srinakharimvirot University 

Abstract 

Nicergoline is a semisynthetic ergoline derivative used for the treatment of cognitive 
impairment in various forms of dementia, including Alzheimer's disease, vascular dementia 
and mixed dementia, and vestibular imbalance, including vertigo and dizziness. Animal 
studies indicate that the drug is endowed with a board spectrum of actions on cellular and 
molecular mechanisms. The drug increases the regional cerebral flow, activates protein 
synthesis, enhances cholinergic and catecholaminergic neurotransmitter functions and 
improves age-related cognitive deficits, stimulates phosphoinositide turnover, modulates 
translocation of protein-kinase C (PKC) and PKC-mediated a,-secretase processing of 
amyloid-precursor protein. It protects neurons from death induced by oxidative stress or 
apoptosis, and interacts with endogenous nerve growth factor-mediated processed, providing 
trophic support to cholinergic neurons. Significant improvement of cognitive symptoms and 
overall clinical conditions have been observed in a number of placebo-controlled clinical 
trials in mild to moderately demented patients. Moreover, the drug was shown to have a 
consistent positive effect on ·concurrent symptoms of vertigo and dizziness. Nicergoline was 
well tolerated in all clinical studies. The type, frequency and severity of adverse events were 
generally comparable with those observed in the placebo control groups. 

Key words : nicergoline, dementia, vertigo, alzheimer's disease 
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Nicergoline : A Drug for Dementia and Vertigo 

!11 ,J ... ; ... ; !'i' .. .... ~ ~ 1 ... 
Nicergoline LutHn'ln~n-llLfl'>1:::l1tttHll~YilJiiLllll'lLninl >Ju'l:::nl1iill1Yi Un1'l'lfflflll11::: dementia 

LtiU 1uhfHli'l 1'11L>Jllf 1111:::n>Jll-IJL~ll>J~1n hfll1i'lll~Lilll~ ..,~fom1:::nJJll-llL~ll>J 1ul1i'!Wn1Ll1VI Liluoi'u • 
'l1>J~-111tflunwi'mnm1::: vestibular imbalance Ltiu vertigo 1m::: dizziness n1'l~nl:f11ml'vti'l1~i'lll~illi' 

d ' .. l .tl:1 ... "'1 1 .. ~ l .. .. 1 mm1mJJni'I nm'lllllOfll1iil1-ll m:::~rn'l1mrn:::'l:::~u >Jli'l~i'I ~U>Jr.Ji'ILYiJJnl'l l1i'll1tnJ'IJll-lll1i'lll~rnll~ u 
mrn-11 n'l:::ol'um'lff-llLflTI:::l.flu'lOilJ LYi>Jm·nh-111U'llll~"1'l~llU'l:::"1n'llll~'l:::uuu'l:::"1l1 cholinergic Lrn::: • 
catecholamines th1li'm1::: cogniti've 1um1:::ij-llD1~G1~\J m:::ofu phosphoinositide turnover n'l:::of1lm'l 

translocation 'llll~ protein-kinase C (PKC) Lrn::: m:::\J1Un1'ln-f1-11 amyloid-precursor protein ~1\J PKC 

nicergoline ti-11aiJJ1'lOUD~nmd'1Ju'l:::mn~1nm1:::Lfl~U~t1DnWL~timm::: apoptosis Lm:::u-11ti1u 1 um'l 

li1-111ut1t1-1J 'l:::\J\JU'l:::"1l1 cholinergic ~1Un1'lLYiJJ nerve growth factor n1'l~Ol:f1l11-1Jflailnwui1 
nicergoline 1li'r.Ji'lffiur.l\J1u dementia ~iim1mULL'l~Utlt1~-11u1uni'l1-ll 1m:::u-11iir.Ji'IG11m.l\J1u vertigo Lm::: 

dizziness r.l\J1umm'l~l1uoit1m l~~ mm">trn L~u-11~ 1n~~u l ii iim1>Juvi no11-11nuntiJJmu ;ii~wfom-., i'I an " . . 
fi1it1fl'qJ : nicergoline, dementia, vertigo, alzheimer's disease 
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<U.Jtl..:J L~tlJ.J ( cerebrovascular insufficiency, 

senile -..,~tl presenile dementia, Parkinson's 

disease) L'liu tllfl1'>ffl1J.J~1LLi'llalm5unvdti..:i 

i..:iLiuu tll'>mu-..,~~ t11~m1m1uhluomrn..:i 
" 

1..:iv'>fl1'>mi'u~ur:imJn01 tn'> hh'mrn1cnu~ 
mu:mn ih~u..:i~..:ilu'rj (tinnitus) fl1'>J.Jti..:iLl1u 

hi.n~LviJ Li'.luoi'u1
-
2 

Nicergoline [8~-(5-bromonicotinoyl­

hydroxymethyl)-1, 6-dimethyl-1 oa-
i'.l J ... "' methoxyergoline] L Ufll")n..:Jn..:JLYl')1::W!Jtl..:J 

tiuviiJcl'rnti'>1n~u lvi'j..:ia{w,11..:iLvijj~.,:i'ju . " 

n 

I 
/ 

11,c - o,_ 
. ,, 

1. ~113Hna.n·rn1um'lo3'unu receptor 

1 ..r d 
fl1")fl~ntl..:J in vitro mumutitJtl..:JnJ.Jtl..:J 

W\P~Ul1 nicergoline 

affinity) 1imw~'unu U
1 
-adrenergic LLn:: 

247 

serotonin 5-HT1.., receptors l~ujj~1 IC50 Lri1 

nu 0 .2 m'I:: 0.6 nmol/L ~1J.J~1~U "1J.J1")Cl~U 

nu 5-HT 
2 

m'I:: U 2 -adrenergic receptors 1~ 

")::~mhumm t1ru::~jjm1mnJ.J1'jn~1vu~..:i lij 
., ., :: :: 

minwvunu dopamine l'l..:J DI Lrn:: 02 ")1).Jfl..:J 

muscarinic receptors l~va 

I tl.J ti .i, 2. i:J'1l'Hl01'lL '1tJULL '1·Hrn::nT'nHM 

a1'l~m.h::ai n 

2.1 monoamine turnover 

v1nn1'>Ammrntiti..:im nicergoline Q)ti 

fl1'>LU~UULLUM'>::~U"1'>~tlU'>::flll'l monoamine 

1~ui'm::~ut1t1..:im'>~tiu'>::"1l'1Lrn::rnm 1u1al'11 u 
.1J .1 .J' ... 

u~nru11t1..:iairn..:i fl1")L uaUULL ua..:i11unu11m~ 

11t1..:im iilm..:iLrn::'>::u::na1-ttl-H m'>1l-f 

nicergoline 1JU1~ 20 mg/kg 5~L'll11oi'rhm1..:i 

1 UmJ1J11LWU..:JVl~..:JL~U1 l'ml1"1J.J1")l'lL l~m::~u 
" 

3 - methoxy-4-hydroxy-sulphate phenylglycol 

~..:iLi'.lmJ.Jon1ulin111t1..:i noradrenaline LLa:: 

homovanillic acid ~..:i L i'.liJ LJ.J~11ula'rf'!Jt1..:J 
dopamine lu cerebral cortex Lrn:: striatum l~u 

hiiir.iaQ)tifl1")LU~UULLUi'l..:J")::~u'IJti..:i serotonin 
4 

m'>l-H' nicergoline 'Inn~ 5 mg/kg m..:iu1nliJ 
., l:!11 "".I"' mJ1J111Ua:: 2 m..:iLulJL1i'11 7 aum-.., fll>.Jl'j(l 

" 
LviJ.J dopamine turnover luaJ.Jt1..:iri1u 

'i 1· .... 1.J .1 ... mesolimbic ~~u inma~tifl1")LuaUULLui'!..:i")::~u 

4 .J 1 " 1Jtl..:J noradrenaline ua:: serotonin 1Jtu::l'lfl1'> -.., 

1 ... ::ti m utim~ 25 mg/kg 1ua:: 2 m..:iL una1 60 

·fojjr.iaL YiJ.Jfl1'jL U~UULL ua..:i.,r..:i noradrenaline 

d 
. 3 Lrn:: opamme tµrnover 

2.2 Acetylcholine release 

Nicergoline 

acetylcholine v1nfl1")~mfl~1Ufl1")li1 

microdialysis 1 U-..,1J'IJ11Y1't~fo nicergoline l'11..:J 

u1nlut1U1~ 5 mg/kg llJa:: 2 VJ~..:iLlJUL1a1 6 

ffU~1lf l~Ul1"1J.J1'>C1Ll~J.Jfl1")mt..:i acetylcholine 

1 l v,; J~ ....... ~ 
lJ hippocampus ~ 'IH'liLmmrn..:im")LVIJ.J 

cholinergic transmission 1~Ufl1")L viJ.Ju~J.Jltu'!Jtl..:J 
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.J " .., .., 
acetylcholine Yl't'fHl>Jv::vunu postsynaptic 

hippocampal receptors ~~ L \hrnT'H vi>Jm'ln1nu 

'lltl~'l::umh::mri cholinergic irnnv1nifu~'r'mi1 
nl'l 1 i nicergoline L lliJ'l::u::mrnnuu~'lbun11 i 
m1::m'lavm~011>.Jt11u'IJt1~m'ln1~1ut1t1~LmJ1'11i1 • 
choline acetyltransferase Lla::~1U1lJ'IJtl~ 

muscarinic receptors 1iHlmH'Ha1uri1unauri 
" 

ti A6 d "' 0 !11 ti 'i <' I m1:: n01 'li~l\rnvi~nm1Luu 'l::LU'litrnm~>J1n 

1um'li'mflm1::~ijm1>.Jun'r'l~iN'IJt1~m1>.J~1 
L'liu 1u Alzheimer's disease ~~ij'Han~11mil 
lJ ti lJ ll~1i1 ij n1'l a VI n~'IJ ti~ n1 'l n1~1 lJ'IJ tl-3 

acetylcholine ~~1tJ cortex ua:: hippocampus 

acetylcholinesterase 

. . "' .., :; . 
N1cergol111e mrnuuu~m')Yl1~1lJ'IJtl~ 

1 ; . .J !11 1 ;,J mu '11>.J acetylcholmesterase '1Ml uULilU '11>.JYI 

n1a1u acetylcholine 1u synaptosomal fraction 
,J ' "' 7 

'1Jv~a>Jt1~'H'IJ'll11YI IC50 LYlln\J 0.4 7 mmol!L 
.f "' :; .r.. . ., 

C)Yltin1'lU\JU~lJ>JA11>.JU 'l~ l Ylln\J physostigmine 

uoiijm1i.m')~tit1uni1 tacrine 

4. r.rnGiv'l~\J\J signal transduction 

4.1 Phosphoinositide pathway 

'Hn1Unl'l~m:n1vi1liL~ui1 receptors~ 
n1~1lJlV1UrJ1u phosphoinositide LMU1?i't1~nu 
l'iu16a~'liY1t11'1Jt1~m'lL~t1>.Ja1rn~1iJm'ln1n1J 

'r'lUil'l::~\J'IJil~ phosphoinositide 1mf>Jtl~avia~ 

1um1::~~mh18-9 1rnn'l1nifu~ij'l1u~1ui1 [
3HJ 

inositol triphosphate binding sites avia~mh~ 

mn1uri1u temporal cortex ua~ hippocampus 

1ua>JiN'IJtl~ tl\hmia lm>Jt1'l<'Jo Lrn~m'l1 i 
" 

nicergoline 'IJtnVI 5 mg/kg Y11~tl1n1ua~ 2 

vif~LlJtma1 7 Utl~m(ltrnu \1mi1ijt1mvi>J 
" 

basal phosphoinositide turnover 1iJ cerebral 

cortex uoi1i.ii:ir.rnLvi>J1u striatum ~1>.J 
numm~m~~\J'lltl~ inositol triphosphate 1 u 
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cerebral cortex ua::La~>JC}Yl~'IJtl~ agonist ~n11i 
LnVlm'la~a>J'IJtl~ (3HJ inositol monophosphate 

1 . 11 
U stnatum 

4.2 Protein Kinase C (PKC) 

ijm'lAn'l:ll'r'lUil'l~~\J'IJil~ PKCa ua::~ 

a via~ 1 irna1uri11rnt1~a>J il~'IJil~ r.ltJ1u L 'lviii' a 1 '11 
" 

L>.rnf nicergoline LLn~L).JOll lu lalf ijtrn~mj11 i 
LnVlnl'l translocation 'IJtl~ PKC isoforms 1u 

({>Jt1~ri1uoi1~ 1 L'lfll striatum, hippocampus 

ltlUGllJ
12 

4 . 3 'l::~\JLt11J'l'lf~ nitric oxide 

synthase (NOS) 1uamN 

1mf>Jil~ nitric oxide (NO) iju'r11.J1Yl 

1Unl'lA11.J~>J'l::UU 1'Hmiuu n11i'HailVIL~ilVI 

t1mu~1 m'l 1'HmimJ~?fu Lrn~vi1uV1JJnT>'Hti'~ . 
al'l~vtl'l~tl1Y11tJa>Jv~ nl'l'r1Vlav~LVIU1fi maze 

1 d !11 A 

model ll'HlJ'IJ11'1i~LulJnl'l'r1Vltlv1.JWC}Vlff'j'l>Jn1'l 

Cll " • • 1 d .J.,. cl 
L 'lutJ~ua::m1>.Jv1 'r'l1.111"1'l vinmJJYl>JC)Ylli 
., :; • 'I ; .J !11 
U\JU~n1'l'r11~1lJ'IJtl~ltlUL'liJJ nNOS 'li~lulJ 

rnuhiJ~il~Lm1~\.f NO 1ua>Jv~'l~n11im'l 
L~mJ{ua~m1>.J~1um'l~t1~ ~~iliL~ui1 NO 1u 

" ..,. .J y .., d " "" v~ JJUYl\J1Yllf.lU1'1lil~ nu ni'l L 'lutJ'lLrn~m1>.J 
" 

m~~1 ~~ifum'lm~ofo1iijm'lfl~Lm1~l1 NO • 
L\~JJ~um'lij\J'l~LU'l1tfoinm1~i.lvitln01'1Jv~m1>.J~1 13 

nl'l~mfl in vitro l 'lUilnl'l expression 

'IJiH nNOS mRNA 1u caudate putamen nucleus 

ua~ cerebral cortex '1Jilmtutl'l::mY1iiLGi''l1n 
- ~ tld • ., 'HUillEJ 24 LVIVlJ'l::a~rn~L)Jill 'lUULYIUUnU'HlJ 

" . " 
ill~ 3 l~ilU n1'l1i nicergoline 'IJlnVI 

5 mg/kg/day Lllunm 28 1tJ m>J1'lo'li1u1i 

nl'l expression 'IJtl~ nNOS mRNA 1mf>Jtl~~~ 2 

ri1u~avi~~1u'Ht~\!~m~nau~m1~tlnGi Lrn::u~ 
al>Jl'lmviJJm'l expression 'IJtl~ nNOS mRNA 

1uri11rnv~ cerebral cortex u~nrunli.iijm1 >.J 
u01noi1~'1Jil~n1'l expression 'l::'Hl'N'HlJillEJmmm~ " . 
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5. Amyloid precursor protein (APP) 
processing 

m::U11Jn1'i hydrolysis 'IHN phospho­

inositide ~Clnm::~u1m.1 protein kinase c ua:: " . 
"1'i~m.h::m'r1~n1~1u~htJ receptor/G-protein 

~::um'l~rNmhunnlmni1N'llt1~~LthJ hAD'ah 

,. J d '..J '1 "... A urn'i 'lf~L'lfil11«~r.rnm l1Ln~m'i(f::({J.J'1Jtl~ 1-1-

amyloid Lrn::m'i(ff1~ neurofibrillary tangle lu 

({J.Jt1~'1lt1~i:l'tl1u hAila hLJ.Jt1f5 L~t1i1m'i 
" 

m::Gj'tJ protein kinase c ~::n11li'Ln~m'iLU~EJ1J 

LLtl.M'lliN a-secretase 1tJm::\J11Jn1')({{1~ B­

APP ri~~rn 1 li'Ln~m'iL YiJ.Jm'i~Ji\01ri1tmt1~ APP 

~a::mml11~~1iJ1-d amyloid (non ­

amyloidogenic N-terminal soluble fragment of 

APP derivatives; APPs) LLa::lim1~mrum~Ln~ 

~1>Jnum'ia~m'i(f{1~ B-an~yloid18 

~ 1 n n 1 'i ?1 n l:I 11~un1'iLw1:: L ~ u ~ L 'If a. 
.r d 17 LUtlLE.ltl human neuroblastoma SH-SY5Y 

vmi1m'ill1 nicergoline mim-ii'J.J-ii'1J'i::l1i1~ 1-

10 µmol/L Li'lm1a1 2.5 .a-11J.J~Llf'iL'lfa~~mh1 
' ' ih.1m~J.Jn1'il1~~ APPs derivatives tl'i::J.J1ru 

150-200% Ll1ttt1'i::~utlnGi lmiru::~ 
aniracetam ua:: hydergine ~~Li'JumYi'tmum'i 
~ nl:l1m1::(f>Jt1~m1 >J~1tmw~t1~ lijrfo 1 li'Lihim'i 

Ltl~mmtla~~~mh1 1~mrn'llt1~ nicergoline G)'~ 
mh1iina lmhum'i translocation '!Jtl~ protein 

kinase C ~tfu~iim1m~uli.JMi1 nicergoline 

t11~ii~rnoi t1n a ln nl'iLn~vrn15a11nrn ti~ l 'iA 

ila hL>Jt1f ua::~::Li'Jutl'i::Lu'lftfoth~mn1um'i 

n11li'm'i~1LUU hA'lf1a~ 

6. Neuroprotection 

q'r1~n1'iut1~nuLautl'i::(f1'r1'1lt1~ 
nicergoline 9n?1mnlirnmum'i'r1~at1~ lml011 

'r1~at1~l1a1m~uifLrn::l1mnl1mEJ'itlLLU\J 1 ' 18 m'i 
" 

'r1~at1~q'r1~~l1Jn1'iLn~ apoptosis 1imrn 
.J .. 

phaeochromocytoma 'r190~~Ltll nerve growth 

factor tltln (NGF-differentiated PCl 2 cell 
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model) n1'i'111~ NGF ~::n11li'L'lfmn~m'i011Uii~ 

80-85% 1u~nl:lru::na::~tlLL\J\J'llfN apoptotic 

d ... ' 1" degeneration ~m'i011u~~nm1mm'itrn~a~ ~ 

foum'i 1 li' nicergoline 1 u'li1~na1L~u1num'iGi~ 

rn1 NGF t1t1n 1~umJ.J1'iCl\lv~num'i011u'llv~ 

1 II~ .J II V I 

L'lfa ~Cl~ 40-50~'<> 'r1m1mm1mrnv~E.11'i::m1~ 

d ' 1 ... ' d 1-1 o µmol!L L'lfil11na n~~na11m~rnt1~J.J1 
... :; 

~inm'iU\JE.I~ lipid peroxidation LLa::m'iviln 
-'· ., Cit. "'" Q. " q'r1Bm~~il'4>Jat1a'i:: q'r1Bmum1n'lfL~mrnrN 

nicergoline 9n?1nl:l1iin lirnmu~tlLL\J\J'llil~m'i 

'r'l~av~Lrn:: 1l1r.rnL i'JiJltll im1~L~u1nu L'litJ 
... :; ... ""1 1 ti uuu~m'iLn~m1::vll:I ~u Hp2 m'lfa 'i::m'r'l 

850
19 

(H20 2-induced toxicity in B50 neuronal 
... :; ... ... 1 

cells), uuu~m'iLn~tn~>;iava'i:: ti neutrophils 

L~E.1"1'i phorbol myristate20 (phorbol myristate­

induced free radical fomiation in 

ti 
.J... • 

neutrophils), a~m'i011E.1'11il~L'lfa 'i::"1'r1'r1'1fnm 

l9)EJ diethylmaleate21
, niccrgoline mm'imLnL'lJ 

m1::m'ia~a~'1.lt1~'i::~u glutathione 1u(f>JiJ~ 

ri1uoi~ 1 '1.lfNl1~~1nnwa'mh~1u haloperidol22 

tmn~1nd&mui1 nicergoline u~m>Jl'iCl~nl:ll 
1111::({).J~(l'lJ'iNLLAm~m.J 1~v.?3 

• 
l1mU 1 nl'iAn'l:ll 1~il lll ~ui1 NGF il 

U'r1\Jl'r1d1~~lt1n1'iA4vtj'llv~Liutl'i::a1'r1 

cholinergic 1trn>Jv4ri1t1l1tl'1 mmn~m1>Jtl~ 

tlnohrn~na lnm'in1~1u'1.lt1~ NGF ~~::'1i1ufol:l1 
Liutl'i::"1'r1 cholinergic ~::l'i11li'Ln~m'i011tt 

__,:; ~ . 
'1.lil~L'lfaLL\J\J apoptosis ~~mml'iLYn.Jnl'i'r11~1U 

' ""ti 1 ~ .i.. ... 'I.Iv~ NGF E.lillJJ.J 'i:: EJ'lfU LUl111l:'r1J.J\'Wlli(fl11\'I 

l1~t1A11J.Jtl~tlnGi'1.lt1~'i::uutl'i::(f1'r1 

cholinergic
24 nl'iflnl:ll'lltl~ Giardino L ua:: 

Aru::2
s 1~u1l1 nicergoline 10 mg/kg/day LUU 

... ti "1 .i.. 1 '"' 'i::u::nm 14 " ~ll1 1Jl1U'r1J.Jv1mLa:: mum'i " . 
colchicine ~~LtlUfoololtl(flJV~ v1ui1iimm~>J 
'i::~U'llil~ NGF 1trnJ.Jv~ri1t1l1Ul Lrn:: mRNA 

. d ' 
'llil~ choline acetyltransferase 'lf~l1J.JlEJA11J.J11 

1 .J.fd "" .. "1" um1::'r1LtrnLEJtJ({>JiJ~Lnill.J mccrgolme m::tljU l1 

aJ.J~(fm NGF ua:: acetylcholine L\~>Jtu 
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7 . fl1'iAO\f1~1U'rH}GJO'i'UJ 

Nicergoline a1>J1"jflll01'1Jm1::v111ii~1 

unvdrN1u"jtlLLuumNnWYJVl'frn.:i1mY01i'n01arN 
" ... 1 4 J..,. • 

lrn1umJ01Lrn:: m1ua.:imu ll'iDY1iim1::m1iiv1 " . 
L~riii 1 irnnv1nllu.:iv1ui1m"j1lf nicergoline 5 

• I "' l: ~I mg/kg m.:iu1m1rn:: 2 A"j.:J Lum::u::na1inu 

u.:ii1u-rmfl1ii1lf"j:;~u acetylcholine a01a.:il1J 
' 1 v • c1.f l1Umummrn::'lf1u llm1iim.:iv101'1Juv1nm"j " . 

~n\flLVlt.11'11 eight-arm radial maze performance
26 

dJ'1VCf.ct tv&I; I j..,: 
•11.:J'll llrn1rn.:im1iiamrnti"j::m1.:iqntim"jL l"rn 

n11::m1iim.:i~1Lla::')::~\J'IJD.:J acetylcholine 

n1')1lf nicergoline u.:iiir.iaa01m1il11Hl"j.:J'IJD.:J 
... .J ... J'1 tl1n1"jLLaV1.:J'Y11.:JVH)01m"jiJ'YJLOVl'lllJ Ull1Jtl1~>J1n 

~l11 labyrinth unilateral lesion LVIEJU"j::LiltJv1n 

tl1n1"jllU.:J011n"j::01n (nystagmus) LLa:: rotorod • 
27 .r..... ' .1.J ti test 1rnnv1mm.:im1u.:i1in1m"jLuat.1ULL a.:i 

'Yl1.:JVl()Oin"j"jiJLL'fl::')::\J\JU')::al'YI GABA 1uaiiri.:i 

'IJrJ.:jll1J~l11 hemilabyrinthectomy am~wf nu " . 
d .J.. .. 

mu'llD.:JllU 'lf.:immiimumnv::iimm')LLavi.:im.:i , " " , 
.. ' d 1 .J .. ti ... ... v1q01n')"jiJ L'l!U m')LAamJ mm101 n01 nl')')nlfl 

.., d ' d 

m101mrn.:im')Y1~011 mmL"j·m11 Lm::iim1ii • • 
aiii1"jfl 1 u n1"jt1-ru~11 lf nauam1::un0i1~mn 

" 
ua::'lf1ni1lltrn1mrriu m"j1l1 nicergoline ii~rn " . 
a VI m1 )J"jU LL "j.:j'IJ D.:J D1fl1"jLLavi.:i DD nm.:i VI CJ Oi • 
O')"jiJ1tJllumuii1n uadf.nhu1lf glutamic acid " . . 

... .J ti -.2a decarboxylase mRNA expression nauum1:: n01 

Lrlri 1 lf n icergoline 1 U'IJ1flVl-rmfl LVIEJ 
4 d I d ; 

01')0\J fJ1flOVIVl'lfiJDEJ1.:J')1VIL')1LLa::aiiu')CU ii1n 
" " " 

~1Lil.:J 1 mii first - pass metabolism tl')::>nru 

81 LLa:: 6% mi.:imrimu~mutluai')rn0111ulal'l 
" 

10- methoxy-dihydrolysergol (MDL) LLa:: 1-

methyl-10-methoxy- dihydrolysergol (MMDL) 

011iia1~u29 miiiL'lliiL'llu·1rn.:iai"jL)1m1u lal'l~.:i 

Laddawal Phivthongngam 

• .r 1 J, "i" ""' t J ..,.Q 
A'IJUa.:ia01mu tJ 1 LLa:: 4 'lf1 Lll.:J iJA1fl').:J'lf101 
\i " ' 

13 ua:: 20 ~1 LiJ.:i011iia1~u ~itl~mmm"j 
m::v1EJ'IJD.:Jll1>J1nni1 105 am fJ1flnLil011lu-

" 
1an101u O')::U1tJ01"j hydrolysis ( ~.:i~tl 2) 1~ 

L tlu MMDL LL"1fln demethylation ~D 1~L lltJ 
" ... ~ .r 

MDL ClO'IJUDDO'YIHuaa11:: irnnv1nu 
" 

nicergoline tllvUO demethylation 1~LlfU 1-

demethyl-nicergoline ( 1-DN) 011)J~1EJO')::U11J 

nl"j hydrolysis 1~Lllu MDL umTrnrnnm.:i 

iJaa11::L'lfm~t.11nu 

L~tl3-l (dementia) 

• 4 ~I .J.. !S m1::miiiv1mriiiLu1um::'Yl).Jn1')\!'lJL'1EJ 

lltJ1~n1')l11.:i1tJ'llD.:JaiJD.:J 1 Ui'f1U'IJD.:j cognitive 

1... .. d 
nl"j 'lf1v1"jflJ1qj1U m1).JA01 (intellectual) 'lf.:J 

mviiaiL l101v1n hA~1.:i 1 LitJ hmi'a lmi.rn{ . 
l ')A A 11 iJ ~1L~DiJv1 n ll a tl VIL a D 011 u a iJ D .:J 

(vascular dementia) ll~Dv1ff\llallltf1Lll01~1llrl1J 

(mixed dementia) hArl'ahLiit>faa::hAmliJ 

~1L~tlilv1n L "jAll'1 umarimJ DfJA~.:J~Ln01~1iintJ 
Lrn::m1::'1J D.:J l ')Alln D01 LaD01 fl tllvL lJtJal L ll01'1JD.:J • 
hArl'a 1miidl~ ''1miianwnrn.:i hAL~ui1Ln01 
v1nlla1ua1Lll01 Liu miiium•dri.:i'llri.:iai"j~D • 
tl')::a1n m1::vh1v1nai') glutamate m"jrl'mau 

'IJtl.:JLau\J"j:;al'YI 01"j(l~n1"ja{1.:i NGF Ol')L~D).J 
aml~'IJD.:J')::\J\JU"j::ain cholinergic m1i1ei01 

tln~'llt>.:iphosphoinositide-protein kinase C 

path way A11 ii ei YI tJ n ~'IJ ri.:i n1 "ja:: amrn.:i 
.is • ~I v J amyloid n1')'1J101Latl01 (infarct10n) Lu1JYIU 

~ . ~ d 
v10n1')v1m:11 meta analysis 'lf.:J"j1\J 

" ~ ' ..J • 1 ".'I .J•t v ')1).J'llm,Jnv1nm')v1mn011.:i 1 'Yl'Y11 1H;Ju1EJYI 01 

fom')i\JvU'tli1iim1::m1ii~1L~DiJll~t>iim1" 
• ' 'i" l: 

UOYl')D.:i'IJv.:i cognitive v1nairnq011.:i 1 L01EJ'Yl.:i 

llil01LUtrnl"jAfllilLLUU double -blind, 

randomized, placebo-controlled i'YIQtl')::a.:i~ 



Thai J Pharmacol; Vol 26: No 3, Sep-Dec 2004. 251 

ti d tlJ ti 1 J !1• 1 1 .. u d ~ ll 2 m:;mwn·n mnm iWIJrN nicergoline tmu lll'SY!LulJllJOll u ~Yllrnnmi 10-methoxy-
.J ~ ou 

dihydrolysergol (MDL) LLa:: 1-methyl-10-methoxy- dihydrolysergol (MMQL) '1HYl>l~tJ'3V1'3 

iiqY1~Y11'3Lmt'lfiY1m 1 

1-DN: 1 -demethyl- nicergoline; 1-0H-MEMEM: 1-hydroxymethyl-8-hydroxymethyl-

lOU- methoxy-ergoline; 1-0H-MMDL: I-hydroxy-MMDL; MEM: 8-hydroxymethyl ­

l Omethoxy-ergoline; MMEM: l -methyl-8-hydroxymethyl - l OU-methoxy-ergoline 
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L ~ti ti 'j:; dhJ ti 'j:; a'r'!GlllVIYll-11 m 'jfo 'lfl'IJ tl-11 

nicergoline viat1Q)'J'IJtl'j::Lilumwtlat1Q)fimrn:: 
V .. ... tl.J ti A tJlOl'jVl-llLAU-11 01')1Q)Ol'jL amm fl-ll'r'll-llVICJVI 

WVi>J1Qlu1'1i Sandoz Clinical Assessment 

Geriatric Scale (SCAG) 1u 7 Ol'lAn'lflVl'rnU 

riamS1hu~1mu 814 'jluM-rumor·moi 2-12 
' " 

L&'imJ nT1tl')::Liiu~1u cognitive 3 nl'lAmn1'1i 

LVl~t1-11i'it1 Mini-Mental State Examination 

(MMSE) score 1'1J~1hu~1mu 261 'llU M-ru 
.. !! 1" d .. Ullfl'IJ 3-12 LQltllJ LLa:: 2 nl'll'ln\fl '1!LVl'ltl-ll>Jtl 

Alzheimer's Disease Assessment Scale 

(ADAS-cog) 1u~U1U~l'IJ1U 342 'llU 1~wuu1 

6-12 L&'imJ LLa::nWlQ)Vl11>Jl~-lll'ltl1'JtQ)U'l1>J 

't'Jl-llVlailn 1 iJ 6 Ol'jflfl'lfl')1>JtlU1U~l'IJ1U 85 7 
v 

'>lU 1~fom 2-12 LalmJ 'r'lnmruv1ui1n~>Jitl~ 
' ' 

-rum nicergoline ~i 1tfLOQlmlm~vm 10Jmnni1 

1.1 m'1AmflLtlt1.:ioi'u 

nt'jflff!fl 1 mhm '>mi'.Jum'>Amrn v1mn 

31 1 .., .., . " relationship) UtllfflCl>JA'j1U'r11.:Jl'IJLLa::~~-ll 

' .J .. t mq l'IU11VlflQ)'t'lLl1>Jl::ff>JAtl 60 mg/day Q)[J 
'1":; ... :; LLU-11 l1VJ'j-1Jfl:: 30 mg 11rn:: 2 Vl'l-11 

Ol'jflfl'lfl\h::a'r1Gl11l'IVtl-ll nicergoline 

1 "' .J.. • cl. .J .. u r.Jt'J1u a-11 m u'r'!>J1111::m1>J'Jl rnt1 >J'r'l >J m1 >J '> u " " , , 
LL')-111.ltl-IJ hri')::~U~ll1~t1tl1una1-11 ~l'IJ1'1J 315 A'IJ

32 

Li'.JUm'lAn'lflLLUU double-blind, randomized 

tlt'l1u 1~-rum nicergoline '11lJ1Ql 60 mg/day 
v 

Luuna1 6 L&'imJ Ltl~urn~uunuu1'r!at1n 

tl'j::Liium-11riailn tQ)u1'1i Sandoz Clinical 

Assessment Geriatric s·cale (SCAG) v1ui111J 

' .. "·'• :; ' :; ""1 '"" '1!1-11 1 LQ)tl'IJLL'>n~u1U'r1-ll 2 Oi1>J'r'l-ll'r1LYl'lUU1 
Cll dJ' t I Cll"1 I' 

nicergoline ua::ml1at1n>Jt110l'lQ)'1J'IJLLVln'l>J'r1 LQl 
&I q .rJJ' I 

'lUUl nicergoline >JtllOl'lQ)'1JUmnm1 'JU 

m::~-11 6 Lalmrna>J~l~fou1 nicergoline ii 
' .J qJ' I I d 1 ""' 0 t11 nl'j'r'JQl'lllJ m n n11 t1m-11 L l1U Q)'l!QlLLa::uvi nvi1-11 

m-11ail Oi m.h-11 iii! mhf1 cy 

laddawal Phivtl1011g11gam 

nt'jflmn 1ual1-r;jtlUJ~OlLLUU randomized, 

double- blind, placebo-controlled 1 u~tl1umq 

'j::'rli1-11 50-85 i'.J ~l'lrnJ 149 Vl'IJ 1~fom'l 

iil'JUUilL i'.Ju t 'jfl ~a 1 'IH>J t1f Vl11)J')lJLL 'j-IJ'j::~U~l 
' 

ii-11tl1una1-11 Mfo nicergoline 'IJ'UlQ) 30 mg/day 

i1rn:: 2 rif-11 Lthmai 6 L&'it1u Ltl~urn~uunu 
1 ""' t 1" d .. 1 ... nt'j Ql'jUUll1at1n QlU '1!LVl'>t1-ll>Jt1 1rnl'nQl 

cognitive VllJJ Alzhein1er's Disease Assessment 

Scale (ADAS - cog) ua:: Alzheimer's Disease 

Cooperative Study-Clinical Global Impression 
33 I I ~ Vil.I 

of Change (ADCS-CGIC) ~U110~>J'r1LYl'lUm 
~ .Jci1J' c$ I I cJ.J l/U 

nicergoline >J/m::mm'>'r1Ql'11'1JLTin11n~>J'r1 Lmu 
... 1" .J.. O A ti ml1at1n t1m1m'j '1!m'r'lm·rnY1t1'JV1 'l::ffl'r'l 

~.J"l<dl_,,:; I 

(psychotropic drngs) Ll'l>J'IJ'IJL'1!lJLQ)U1n'IJ'r'l-ll 2 n'l>J 

~ti 'Jin 6 Li'.Ju 22% 11m~i1i!'lwrum nicergoline 
' 

ua::'J1n 3 Li'.Ju 19% 1un~>Ji!'lwruml1at1n 
' 

nl'jflfflfl1uuhtl (multicentre European 
' 

study)11mltJ1u~1mu 346 TIU1ITTu nicergoline 
v 

'IJUlQ)Lmn1J LmuuL~uunum'l1wruml1at1n Lll1J 
.. t 1" d .. 1 ... :; L1nl 6 LQltllJ Q)f.I '1!Lmtl-ll>Jtl 1Jn1')1Q)'r1-IJ 

ADAS - cog LLa:: ADCS- CGIC \'IUilm'> 

tl'l::LiltJtQlmA~tl-11iit1 ADAS-cog n~>Jitl~fom 
d .J q.J' d I I .J1 .... 

nicergoline >J/l11::'r'JQ)'/JlJL ')10110'1JJ'r1 mum 
.. .J .. 

l1at1n~-11m'jtl'j::dhrnauaQl'>::u::na1 3 Lrn:: 6 
' 

4 .J1o I AA d1" LQ)tl'IJ 'IJCU::'r'l >J\'IUVl11>JLLVIOVl1-ll'r11-llClflVIL>Jtl '11 
d 4 .., . 

Lmtl-ll>Jtl1Q)LLUU ADCS-CGIC LLVl'JlOnl'> 

a-11 L n VI 'r1 H VI ail n VI U i l tl t'J 1 U ~1~-j'UU1 
v 

nicergoline "1m'l rio11 L ilun'J nn>J 11JWiV1tl'j::~1 

·fo 1~&'ini1 L~t1~lnl'jfln'lflGit1iin 6 L&'it1u t~u 
"' 1 ".'I .,J v ' "' !! :; m1>JCl>Jm 'J'/Jtl-lltJu1f.l'r1L'IJl'l1iJO'IJnl'lv1mflm-11 

LL'jn~1u11J 196 '>~u tQlu~11t1mr111J')::u::nai~ 
J' "' .... 1 ~ ..,. .J ' d 1Jl'IJ'IJ'IJNU1Utla 'lfL>Jtl'j'J::>Jfffl11::'r1LLf.la-llLWtJ 1 

1 um'>A~1flif mJi1 r.ltJ1u~1~-ruu1l1at1niim1:: · 
" 

fl1l>JL~t1>Ja-1J~L~1ni1nri>J~1~fo nicergoline 
' 

5m1m'>1i' psychotropic drugs f!Qlfl-ll'JlO 28 
' .J 

Li'.JtJ 18% 1unri>Jii1~fou1 nicergoline '1Jru::'r1 
' 

n~i.1~Mfoml1at1n5om01'j1'1im'J::L\~>J~tJOJ1n 
' 

20 Li'.J'IJ 41 % i!u'rl>Jluii-11 nicergoline ffl>Jl'Hl 
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'1i1u'1f::(li)01 ')~1LUU1HN 1'iVI Lrn::U·Hllifl')fl(l6) 

01'i 1tf' psychotropic drugs ti~ 1~ 

1.3 nnflmfll1Jrr\huY111iJ;S1L~u1-1 
" 

•nn t·rn\Hlil6'1Lflil6l (vascular dementia) 

Nicergoline 'UU16l 30 mg/day ffl)Jl'ifl 

fol:fl ill 01'ifl11)J~1L~il)J1 u~\hu chronic 

cerebrovascular disorders 1~~rna1LLtl::1.fou6lfiu 

16lun11l1 cognitive f~nction a1tiunu1u 2 L~ilU 
'llu~01'iinl:f134 

01'i~O\:f1LLUU multicenter randomized 

double- blind, placebo-controlled lu~\J1u 

multi-infarct dementia 
36 onmnru'>ltJil~ DSM 

Ill ill~'i ::l-\11~ 55-85 i'.J ~1U1U 136 'i1U 

L ~fl U 'i:: Liiu u~::~YIBJl1l'4LLm:m1i1ut1 t16lfiu'IJ fl~ 
1" ., ~ 

01'i 'If . nicergoline 'IJU1Vl 30 mg 11rn:: 2 Vl'i~ 

Ltlunm 6 L~au 16luliLnru'>101'ith::LijmtJu 2 

'i::~u ~il 1m::~u~ 1 (primary endpoints) 

U "i:: L Sj 1J il 1 n 1 'i Yl1 ~VI a Un LL (I :: Jn 1:: n 1 'i i U j' 

(cognitive performance) 01'iOJ6'JGll)JU'i::LijlJ 

tJ101'iYrnviailn 1vimLl'tr'lu1'1f Sandoz Clinical 
.l !'I Assessment Geriatric Scale (SCAG) 'IMv::LulJ 

m'iU'i::Lijm::uuoh~ 11u 5 ilv~u ~il m1)J 

N6'1UOOJ'Yl1~~11J cognitive fl11)Jff)Jl~lJif'i::l111~ 

uvivit1 m1::01'im::oi'uY11~mwru (affectivity) . . 
m1::01'iLiiUL\lU hiY1t1Un1Jt1~ (apathy) LLt1:: 

m1iJtiviun~Y11~01u 01'iU'i::dlu cognitive 1viu 

LLVrnu'1viu1tf' Mini-Mental State Examination 
. I .. 1 ., .l (MMSE) score nl'iu'i::LiJU lJ'i::VtU'Yl 2 

(secondary endpoints) U'i::ntJU~1tJ 1) th::Liju 

tl101'i 16ltJ'i1)J'lltJ~ r.i\J1u 16lmLWY16~1u Clinical 
\I 

Global Impression (CGI), 2) th::Liiuan'Hru:: 

Yi1Y1H'lltl~rru1u16lu1'1f Wec hsler Adult 
\I 

Intelligence Scale (WAIS), 3) 01'iU'i::LiiU 

VH)OJO'i'i)J'Uil~~U1U 16'1U'lJ1~1'\~il~~LLt116lu1-J 

Blessed A ( BL- A) Scale, 4) 01'i\h::Liiu16lu 

oi'1~ithmt1~ LL(!:: 5) 01')0l')1vYll~')::UUU'i::n1'Yl 
\I 

., ~ !3 .J "" ".'I ' .J 
JllU1'\tl~'11HfVI01'iv1n'Hl'Yl 6 L6ltlU ~u1Elfl'l)J'Yl 

1 .,., q • .r ' ' .J 
mum nicergoline iJtl101'i6l'IJUmnn110'l)J'Yl 
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1~ium11t1ant1ti1~iiumh~fl!,f~ 1viu 1"11 SCAG, 

MMSE, CGI, BL- A scores 

1. 4 n17Amfl 'l 1uJ\11 t1 A11 i1;51L~ill-l 
" 

v1n t 7Ylii'tl l'l1urni'Lrn::h~nrnt1GHflt16l 

m7AO'H1LLUU double-blind, placebo­

controlled36 1mithu senile dementia 'lfU6'1~ 
" 

Ltluhvit1t11'1fL)JtJ{~1mu 56 'ilu Lrn::~\J1u 

multi-infarct dementia ~1U11J 56 'ilU 1~ium 

nicergoline '1JU1Vl 60 mg/day 1'\~tlU11'\tltlnLUU 

nm 2 L~tlu (LLoit1::nri)J n = 28) U'i::Liiu11J • 
'i::~ULL'in 16lt11'1f CG!, MMSE, LLtl:: SCAG 

U'i::Liiul U7::oi'u~ntl~ 16lu1'1f Nurse Observation 

Scale for Inpatient Evaluation ( NOSIE), 

Hamilton Depression Rating Scale ( HAM -D) 

Lrn::01')Q)')1v EEG n1'iU'i::Liiu16lu CG! VIU 

11rrthu~~ 2 th::Lnnffi~iu nicergoline YltlU 
" 

mrn~oit1m'iin"H1a1n11nri)J~L~fom11t1t1n 01'i • 
tl °" t • cJ 'i::LmJYll )J MMSE Lrn:: SCAG WU1lfl'l)JYI 

1 ti.., d .q..f I I d'1 " 
6l'iUU1 nicergoline )JtJ101'i6'1'1JUn110'l )JYI L6l 

fom11t1tJn '/J ru::~r.i\J1u~1~ium nicergoline ii 
" 

u1m'ia1tuYl1)J HAM - D LLoihiiiml)JLLGlOoil~ 
Y11~riailnt1ti1~iiumi1~ClJ LLt1:: hJvmm1mLY1n 

oi1~Y11mnru'>lth::Liiim uu NOS IE 1 mh1rn~ 

La1U10Unl'iLU~UlJLLU(l~'Yl1~ EEG v1ui1il01'i 

Lu ~ uuLLUtl~ 1 tl1 mn~~a1~u1 unri)J~1~iuu1 • 
nicergoline LLt1 ::hh'4UVl1l)JLU~UULLUt1~11m~)J~1~ 
" .J~vd • ·1 " 'iUU1l'1tltlO'lf~'lfil'1L1'\U11U1 nicergoline 'Yll 11 
~ • .z 
~u1U)J cognitive Lrn:: alertness 6l'IJU 

n17A n"H11 mithu~1~iuni'iiilvuu11 
" 

L tJuhvit1t11'lfLJ.mf 1-\~tl multi- infarct dementia 

~11J1U 108 'ilU37 1~ium nicergoline 60 

mg/day Lllunm 12 L~muu~urn~uunum 

l'1 t1 t1 n tl ')::d'Ju n1 'iiu j'Lrn ::VHJ OJ n n)J ~1u 

MMSE, SCAG scale Lrn:: HAM -D l'1cl'1vln 6 

Lrn:: 12 L~mJ yjUi1 2 nri)Jiim1>-mY1noi1~ • 
n1rnci1~iiffmhfi'ClJ 16lu 1 im~)J~1~·fo nicergol ine 

ii fl1ffl'j~a1n11LL(l::nl'i~l L i1U'1Jtl~ 1 'ivi-d1n11 
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2. n1'ifimfl1U~1htJ vestibular disturbances 

1111:::iUJ om l llu ~ « mv1 n m'i~hn u ~1" • 
nut1n·nrn1tJ'i:::uu l'liu m'ilV1uu m·n~u m'i 

foj ll«::: vestibular signal ~~'Q:::ti1 llf~1~mtJ 
mm'HlYl'Noi'1n~1V1'1ua1m:::oh~ 1 ti~m"S 

d 1 ~ I ., lVmnu m 1111:::m1>J 1>Jil>JV1«t1~m"Sr1~m • 
(dysequilibrium) -, " ~ mm"Smnvi 1V1'Q1nl1«1tJifll'HYIYI • 
ii~« l l-im'lti1~1ut1D~l11l1m~n 1 lm:::uu~ 
• .J ., .r 
Yl1~11JLna1num"SmUl'l>Jll11:::a>JV1«1J (balance • • 

.J 1 l: J J' 
system) lU«llULlU«~ i.J 'l1>JYl~l>JDD1ll>J1n'IJU • 
nnti1~1ut1D~"S:::uui.J"S:::a1rifof Lat1li.JL~Du1 
~,nhll-im:::mum'li.Jfooi'1oi1~ 1 LatJli.J n1m'l 
.J., 1" I Yl>Jn'WU VILLn dizziness Lrn::: vertigo v1nm'l 

Ant:ni~m'jui1 n« lnt1D~m"SLOV1mm'loi'~nil11 
.J " ., ..,. .I ., I ., 

L nu1t1 D~ nu ifl"Si'I D u'l::: n1Yl'H«1 tJ Yl1"S1>J nu 
.J.J " ., 

U1YllnU1'1JD~nu 

m:::rnum'lL~llUfLrn:::m1>J~1L'liu corticotrophin 

Lrn::: N-methyl -D-aspartate receptor agonists 

I 1" .. .r itlJJ1"SCl'l11tl l1 vestibular compensation VltllJ 
... l: .. d I 1d .Jlv d1 I 

V1~1J1Jv~L'l1D11U1 VlnYl1>J'tl 'H~«VI 1JYIDn'l:::U11J 

m'l cognitive mif u~U1'Q:::iflm'lmLnL'IJll11::: hj 
if>J~«ifloi' L'liiJ nicergoline 

n1'lAnt:l1 Italian multicenter study ·lu~ 
• 'I I :-1.J .. 
u1llD1~'l:::'H11~ 45-85 uYl>JD101"S dizziness 
• 38 J !! 
v11J1U 2,396 l'IU l'WDv1fflfl~«'ll~ nicergoline 

l: ., l: 
'IJU1VI 30 mg/day (m~«::: 10 mg 1irn::: 3 m~) 

Lllun«1 3 Laiim vmi1~thuffimum nicergoline 

vdl dizziness score «Vl«~DEh~ih!mh~cy nl"S 

i.h:::Li1Wl1'W'l1>J (overall assessment) LVIU 
' I .. .r a I A V 01f LLVfYIU'WU11D101')Vl'IJ1J 88.1 * m1:::u'):::L>J1J~u1ll 

I .. .r ".'I 1 VIU11D101')Vl'IJU 95.5% Lrn:::tlu1tl 65 ~m u 
" 

~11J1U~'H>JVI LLilV1~mm'l1l1~LflU~'Q1nm'll'lf 
m nicergoline ~~Lthrn1m'lll~ll~L~mfomfi1 
ifu hivmm'lLU~mmi.J«~t1D~m1>Joi'ufal1Y1LL«::: 
ilm1m'lLolU'llD~~1lv 

Laddmval Phivthongngam 

nl'lAn'lflLlU\J prospective, randomized, 

double- blind, placebo-controlled, parellel­

group39 lurStJ1mrnnmt1"S:::l1i1~ 50-85 ti ~ii " . 
D101'lLLifVl~'IJ~ balance disorders ~1'U1U 89 viu 

1ITT'um nicergoline 'IJU1VI 60 mg/day (30 
., l: :t• d <Q, " 

mg 1U«::: 2 m~) luUL1«1 3 lVIDU YIVIYl1>Jtl 
" 

i'.h m1 n lGl DUL Y1 D i.J 'l:::Lilui.J 'l:::ffYIBll1'W'IJ D~ tl1 

ol1ll Dizziness Asessment Rating Scale 

(OARS) ~~LllUm')U'):::Liluvi11mmmt1D~ hvi • 
t ., .J 
Vlll~v1nmm'lLlifVl~Vl~Y11'l1~'YI 1, Dizziness 

Handicap Inventory (DHI) 1i'hm1'lU'l:::1ili1 

ti1~1u LL«::: static posturography 1i'.Jum'l~n1"S 

m~oi'1 OJVIYl1>Jm1>Ju«noiiluv1nm'l l'li'm LVIU 

a~LnYIDlnl'lWNLflU~ n1'lLU~llULLU~'IJ~A1m:I 
LAii'll~L~DVILL«:::m'loi1~ 1 lm~DVI wui1vi:::mrn 

OARS 1rn::: DHI luntj>Jmoi'~uu1 nicergoline 

«VI ~1 ni1 n tj >J~loi'~rnn 'H« D n D u1~ ih! mh~ cy 

m'li'VIYl1~ static posturography VIUU'l:::ffYIG 

ll1'W't11~01')~n'lfl'IJD~ll1 

l1«Dnmh~ L ~u loi'tivi1vu 

nicergoline a)ni1m 
.J V d .JA 

t1 w:::mrnm~ LAU~'YILn VI 
.r 1 ,..,. ' ' d:; ' 'IJU iJ>JA11>JLLYlnYl1~'):::ln1~YI~ 2 n«iJ • 

nl'l loi'fom nicergoline 1ut1u1oi~1ni1 
90 mg/day ~thmrnmJoinmloi'~ l-nn1l-im1u 

t1u1oi~~ni1tf u ClWITT 1 l-i1noimm'l*w1fimY11>J 

t 1 " ~ ' 
'IJU10l'IJ~U1 VIUL\l'Wl::: u~~m~ i.l101')Yl'W'\J L'lnJ 

m1>Joi'u 1"l1Y1~1 jjm~ vi~ula t.hoi~h'M:: ~~ 



Thai J Pharmaco/; Vol 26: No 3, Sep-Dec 2004. 255 

GlT'H~~ 1 11rrn::Lflt1~011th::L"'Ulli'l::Lnru~lm11l1fl::U'U'U Dizziness Asessment Rating Scale (DARS/9 

Dysequilibrium (standing) 

Dysequilibrium (walking) 

Dizziness (now) 

Dizziness (past week) 

Feeling confused or disoriented 

Global impression (physician) 

Global impression (patient) 

Score: 0 = none; 1 = very mild; 2 = mild; 3 = mile to moderate; 4 = moderate; 

5 = moderate to severe; 6 = severe 

cl " .. .JQ.¥ > 1" ....... ., 
Gl111'3't1 2 ml'111'3LfltH't1Ln~'ll'U _ 0.5% ~inmi tif.11 nicergoline 60 >.1n.11mthurnnuunut11l'1i'lun 

1 mithmf-3 mu~ihn1::m1>.1~1L~u>J35-39 
" " . 

v ... 
f-H\'lJ1'3L~fH Nicergoline Placebo 

Vertigo 1.3 1.0 

Diarrhoea 0.9 0.7 

Headache 0.8 0.5 

Confusion 0.8 0.6 

Constipation 0.7 0.3 

Vasodilation 0.6 0.1 

Vomiting 0.6 0 

Convulsion 0.5 0 

Hostility 0.3 0.6 

Agitation 0.3 0.9 

Somnolence 0.3 0.6 

Heart failure 0.2 0.6 
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unn~a1~~nu~~~11~a1 

Lda./lvln nicergoline ii~rn~11lim1i1~1J 
fai101~1Lrn::L vim::~um~u~n 1 maa~ ~./11iu~./l 

" 
mvL \~>JqY1ttrn~u1a~m1>J~u la\101 Lrn::m'i 

"' "' 'l ':') ".'I .J., "' 'l 'j l: )J ~'il:1./l nl'i L '11L1J ~u1EJYllJJ111::n'i~EJ'jfl LU 
" " 

Lau~~./j .,.,~aii\h::10ihviLn1\'i' Lrn::1.,.,~an1'1./l 
.., " .Jd " - • .., 
'in1:nmumY1>J~1anuL>J011uaaa>Jua::m'imv~ 

m~u~n V./l li.iih1u./11tJ~ati1./ILAEN'rl~aw1:1t1u./l 
" 

nicergoline G'iurn'in l tJm'in uth./l 1 'inon>Jm'i 
'i::>1~'i::1./lm'i 1'111".,.,t\j./liim'in 

Nicergoline ii~H"llinl'ifo1:11hvi 
dementia, vertigo, tinnitus ua:: dizziness Ell 

~mh::rntJiimn~ 1 o LLa:: 30 Slaan~>J t~u1u 
nl'i~n1:111111:: vertigo, tinnitus LLa:: dizziness 

1 l1mfo\h::rn1J1'1rn:: 30 Slaanfo t~umJ./l 1 lf 
z; - .... .., .., z:; 

m./la:: 10 >Jaamm1rn:: 3 m./l m1::t1ui~ 60 
Slnan~>JG'iu1u11m1'i~mnm1:: dementia t~u 

1'} vl: Q,Q,..,., l: 
LL\N L'rlm./la:: 60 >Jaammirn:: 2 m./l 
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established method, study design and statistical method . 



Results: Present your results in logical sequence in the text, tables, and illustrations. Only 
important observations should be summarized and emphasized. Do not repeat in the text 
all the data in the table or illustrations. 
Discussion: Comment on the results and integrate them with the existing knowledge and 
point out the field . Recommendation may also be included. 
Ack11owledgme11t: Persons, financial or technical helps which have contributed to the 
paper should be acknowledged in a paragraph. 
References: Place the number references consecutively in the order in which they are 
first mention in the text. Use the style of the examples below: 

Examples 
Articles injournals 
( l) Standard journal article (List all authors, but if the number exceeds three give three 

followed by et al) 

You CH, Lee KY, Chen RY, et al. Electrogastrographic study of patients with 
unexplained nausea, blotting and vomitting . Gastroentero/ogy 1980; 79:311-4. 

(2) Organisation as author 

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

(3) No author given 

Coffee drinking and cancer of the pancreas (editorial). BMJ 1981 :283-628. 

(4) Volume with supplement 

Magni F, Borghi S, Berti F. BN:.52021 protects guinea-pig from heart anaphylaxis. 
Pharmacol Res Comm1111 1988;20 suppl 5:75-8. 

(5) Books and other monographs 

5.1 Personal author(s) 
Colson JH, Armour WJ. Sports injuries a11d their treatment. 2"d rev ed. London: S 
Paul, 1986. 

5.2 Editor(s), compiler as author 
Diener HC, Wilkinson M, editors. Drug-induced headache. New York Springer­
Verlag, 1988. 

5.3 Chapter in a book 
Jaffe JH, Martin WR. Opioid analgesics and antagonists. In: Gilman AG, 
Goodman LS, Gilman A, editors. The Plzarmacologica/ basic of therapeutics. 61

h 

ed. New York: MacMillan Publishing, 1980:494-543. 
5.4 Conference proceedings 

Vivian VL, editor. Child abuse and neglect: a medical community response. 
Proceeding of the first AMA National Co11fere11ce 011 Child Abuse a11d Neglect; 
1984; Mar 30-31; Chicago. Chicago: American Medical Association, 1985. 



( 6) Dissertation 

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

(7) In press 
Lillywhite HB, Donald JA. Pulmonary blood flow regulation in an aquatic snake. 
Science. In press. 

Reviews 

All reviews are usually peer-reviewed. If the manuscript is written in Thai, 
English title and abstract are also required. 

Short communication 

Short communication should contain new and unpublished results in a short form. 
It should not exceed 2 print pages and may contain one table and one illustration. 

Manuscript submission 

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

Copyright 
The Pharmacological and Therapeutic Society of Thailand holds the copyright on 

all material appearing in the journal. 
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