
www .phartherst.org 

Official Pubu.,.uoo ot 
Pbarmacologlcal and Therapeutic Socletr of lballand 

~~- ~~ . M ~ .... .,.""~ 

RESEARCH ARTICLES 

Comparative Cytotoxic Activity of Oxitan and Eloxatin 
in Colon Cancer Cell Line SW620 

Anti-inflammatory and Analgesic Activities of Water Extract 
of Malvastrum coromandelianum (L.) Garcke 

Antidermatophytic Activity of Piper betle Cream 

Effects of Pueraria Miri.fica Subchronic Exposure on Hepatic 
Cytochrome P450 in Rats Fed with Normal and High­
Cholesterol Diets 

REVIEWS 

Comparison of Two Commercially Available Pegylated 
Liposomal Doxorubicin Products: Doxil/Caelyx versus Lipo­
Dox 

Pharmacology of the Fluoroquinolones: the Update 
. 
DRUG EVALUATION 

ZIPRASIDONE: an Atypical Antipsychotic Drug 



ITl?JiatJournaI of Pharmacology 

is owed and published every four months by the Pharmacological and Therapeutic 
Society of Thailand. 

Board of Editors 

Editor Supatra Srichairat 

Associate Editors Pravit Akarasereenont 
Somjai Nakomchai 

Laddawal Phivthong-ngam 

Editorial Board 

Adisak Wongkajornsilp 
Amnuay Thithapandha 
Borpit Klangkalya 
B unkerd Kongyingyoes 
Chaichan Sangdee 
Chandhanee Itthipanichpong 
Chongkol Thiengda 
Kamjana Ketsa-ard 
Krongtong Yoovathawom 
Nongluk Sookvanichsilp 

Nisamanee Satyapan 
Pompen Pramyothin 
Prasan Dhumma-Upakorn 
Somsong Lawanprasert 
Sopit Thamaree 
Sumana Chompootaweep 
Supeecha Wittayalertpanya 
Srichan Phornchirasilp 
Wittaya Janthasoot 
Yupin Sanvarinda 

Manager Supeecha Wittayalertpanya 

Office 

Notice 

Department of Pharmacology 
Faculty of Medicine, Chulalongkom University, 
Chulalongkom Hospital, Rama 4 Road, Bangkok 10330, 
Thailand. Tel/Fax 2511965 

The opinions expressed here in are those of the authors and do 
not necessarily reflect the views of the editors or the publisher. 

Printed at Ruen Kaew Press, 947 Arun-A1narin Road,Bangkok 10700.Tel: 02-4126552 

11nlla!flll'lillW1 (Thai Jaurnal af Pharmacology) if1l'liiil"llii'Yllf "llv~fflJlfl~lllll"lll'YlOlU1foJ,.rn11'11•w '1~ 
fl'! 'lJlfl 111\lirhii i fl ri1u11il~"B~m mnrn ihJif '11l~1ownma Nilm1rvvi~l1J1 11'l'ml 1 '11l! '111~Bllae 1o'liu 

m~ nuf111 floll>1mnnnu liu ovrnl'lii moiln ,,,,u enm •1nm nu 1lim;; 



Thai Journal of Pharmacology 

Vol. 28, No. 3, 2006 

Contents 

2 EDITORIAL 

RESEARCH ARTICLES 

3 Comparative Cytotoxic Activity of Oxitan and Eloxatin 
in Colon Cancer Cell Line SW62() 
Chariya Hahnvajanawong and Wichittra Tassaneeyakul 

Anti-inflammatory and Analgesic Activities of Water Extract 
of Malvastrum coromandelianum (L.) Garcke 
Parirat Khonsung, Saranyapin Nantsupawat, 
Sukanya Nimmannit Jesadanont, Vanida Chantharateptawan, 

Ampai Panthong 

16 Antidermatophytic Activity of Piper betle Cream 
Nopamart Trakranrungsie, Arinee Chatchawanclwnteera, 
Watcharee Khunkitti 

22 Effects of Pueraria Mirifica Subchronic Exposure on Hepatic 
Cytochrome P450 in Rats Fed with Normal and High­
Cholesterol Diets 
Somsong Lawanprasert, Laddawal Phivthong-ngam, 
Supatra Srichairat, Nuansri Niwattisaiwong, Kittiya Charoenkul, 
Chaiyo Chaichantipyut 

REVIEWS 

33 Comparison of Two Commercially Available Pegylated 
Liposomal Doxorubicin Products: Doxil/Caelyx versus 
Lipo-Dox 
Praneet Opanasopit 

42 Pharmacology of the Fluoroquinolones: the Update 
Uraiwan Ketsawatsakul Panich and Weerathep Chattanachotikul 

DRUG EVALUATION 

56 ZIPRASIDONE: an Atypical Antipsychotic Drug 
Chaichan Sangdee 



2 Thai J Phannacol; Vol 28: No3, 2006. 

, .d 
1 lH'il >'II !N !'llJlfl 1J lfl tl'lfl'Vl Vlll U 1J U ! lJ trn U 1Jl'( l'l ii\' W'U!NU 2549 ! 'li'W!fW'Vl ll U 1J l'(l'liiJ' 1V 

!lJ I I I 

:iJ flu~ ll ll flmri1~1 mi~ llil ci l~l fl 111'1 flu Vi vi1 um 1u~1u~1J » \\! 1li m >Vi 1hm! 1Vi mmm nu '1 UM . ~ . ' 
'1il'llvutl'11v~ '1 > '1illu v flUlfl'llll t 'Vlfll'i1u u~l'i1u Mu~ '1ilif uViuVi<1M11uuilv11 uuil1rn~11uuVi 

'.O'I d 91 .I ~ .I 0 '.O'l 'llll"u 2550 "IM!u'W Proceeding 'Ull""l'Wu>~'l!ln'lflfllJUJ~Ul1J 
!)} " I I I 

t'WllU1JU Mif"fM!Ull11lVii.i1<1u 1 ul'l"i'liumv 'W llflUlflU~JJU'l'l'Will'l'u ll uu\1" 4 t'.ilJ"!!li'1 if"Jj 

1J'VllJJJ\\!UVlffUt1'.ilJ'Vl1J'Vl1'W1J>\llfllJIJ 2 !~ll" !Ill~ U>~ti'l'WVl~fl I l~ll~ tullU1J~Nl'WlJl l:il 
• 

il'flu~~l'l 1 tt1huil11'1u.:11u'Vl1J'Vl1'W1J>\\! mrn'llll"Vl 1 mi 

~lnl'l tu1"Ufl1J t'l'l>1d1 v1rn"'11~1~'1 tlu li'l>~V~ttil" :iJ nu~Nfo\/ll 111 il1 vvnm1~1J1RlJ 1u . ' . 
ti>~ l~'W ~ l" 'l Vi" 1uu ~ l,!lJ 1 ttil 'll !NU u 1m" flU Hv1 Nll m> ftfl1!11'1 Nflil fl mi1 lJ!RlJ n11Vi "'rn '1ilVI" 

I 'J} ' :>/ 

1h ~!'I "fiVi lJ lU! nl'l 'li 'W u ll ~ lJJ W"l'W lJ lJ fllJl lJ al"~ lllU lJ" <!lJ fl1J Vi u ~ ihiilllJll 1 ti ilm ci l U'W lJl 
' 

ti>~1i'luv1'1"flri11 ~"'llll!U~V'WtlJm11'1iv Drug Evaluation U'Vl'Wtt1'1illl~lJ~!lJuvi 1m.i 

'lJ lJ 'Ull1J 'l'l '.i ~fl\\! Yi l'W 1:1'1/l~fl~t tt fll J <!U 1J !'l'W 'WU ll~ if "fl" !'l'W 1u,;l'W11 '.i <!l'.i 'II lJ" <!lJ lfl lJ"l ll UN . . . ' " . ' " 
u in hw 1u !'llJl~flVi1i111'\iu 'l'J nu trn~ NM1uVil'i1u !l'W 1 uii "m !'\.;:) m~1u11> !lu Vim n'liu 

rn. '1>. l'(i;'l'l>l rr5'1'lfvf'1u 

u" ru 1 li m > 



Thai J Pharmacol; Vol 28: No3, 2006. 

RESEARCH ARTICLES 

Comparative Cytotoxic Activity of Oxitan ® and Eloxatin ® in 
Colon Cancer Cell Line SW620 

Chariya Hahnvajanawong 1 and Wichittra Tassaneeyakul 2 

1 Department of Microbiology, Faculty of Medicine, Khan Kaen University, 
Khan Kaen 40002, Thailand 

2 Department of Phannacology, Faculty of Medicine, Khan Kaen University, 
Khan Kaen 40002, Thailand 

Abstract 

3 

Cytotoxic activities of a test formulation (Oxitan®) were compared to a reference 

formulation (Eloxatin®) against a colon cancer cell line in vitro. The sulforhodamine B 

(SRB) assay was used to estimate cell numbers indirectly by staining total cellular 

protein with the SRB. The IC50 value was expressed as the concentration of the drug (in 

nanograms per milliliter) that caused a 50% growth inhibition compared with the 

control. The treatment of an SW620 colon cancer cell line with the test formulation 

(Oxitan®) and the reference formulation (Eloxatin®) markedly decreased cell viability 

with IC50 values of 42.8 ±16.0 and 88.6 ± 26.0 ng/ml, respectively. Results of statistical 

analysis using the Student's unpaired I-test revealed that the IC50 value of the test 

formulation was significantly lower than that of the reference formulation. 

Key words: cytotoxic activity, Oxitan®, Eloxatin®, colon cancer cell line 
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Introduction 
Colorectal cancer (CRCi is among the most 

com1non malignant diseases and is also the most 
frequent cause of cancer-related deaths. A complete 
surgical resection is still possible, but many patients 
will experience a recurrence 1• Over the last few 
decades, 5-Fluorouracil and analogs administered as 
continuous infusion or bolus and modulated by 
leucuvorin have been the standard therapy for both 
adjuvant and metastatic treatlnent. However, the 
modality treatment has now changed to other active 
drugs such as oxaliplatin, irinotecan, oral 
flouropyrimidines, and new molecular targeted 
therapies that have increased the treatment options 
available tOr these patients2

. 

Oxaliplatin is a third-generation analog of 
platinum compound with l, 2-diaminocyclo-hexane 
can·ier ligand. The difference in the molecular 
structure as well as in the DNA adducts formed 
results in a different spectrum of activity than that 
of cisplatin and carboplatin2

·
3

. The response rate of 
oxaliplatin when used as a single agent in rnetastatic 
colorectal cancer patients is approximately 12% to 
24.3%4

. The combination of oxaliplatin with 5-FU 
and leucovorin (FOLFOX regiments) is now 
considered first-line treatment in metastatic 
colorectal cancer. This chemotherapy regimen 
shows response rates of 35o/o to 45%, and median 
survival up to 14-19 months3

•
5

. 

Because cancer treatment is becoming 
increasingly more resource-intensive in the face of 
severe hospital budget and spending constraints, 
cost-effective cancer therapies have been the focus 
of public health systems. Treatment costs can 
become the most important criterion when efficacy 
outcomes are similar. At present, both oxaliplatin 
preparations (Eloxatin® as the reference formulation 
and Oxitan ®as the test formulation) are available in 
Thailand. Since comparative studies of cytotoxic 
activity had never been reported, the purpose of this 
study was to compare cytotoxic activity of 
oxaliplatin as a test formulation (Oxitan®: Dabur 
Pharma Limited, New Delhi, India) with that of a 
reference formulation (Eloxatin®: Sanofi­
Synthelabo, Paris, France) on a colon cancer cell 
line in vitro. 

Materials and Methods 

Chemicals 

Test formulation: 
Oxitan® containing 50 mg oxaliplatin, 25 ml 

water for injection USP; Dabur Pharma Limited, 
New Delhi, India; Lot 5JP20; Manufactured 
10/2005; Expiry 09/2007. (Oxitan® was in a solution 
form.) 

Reference formulation: 
Eloxatin® containing 50 mg oxaliplatin, 

5 

450 mg lactose monohydrate; Sanofi-Synthelabo, 
Paris, France; Lot 49; Manufactured 02/2005; 
Expiry 02/2008. (Eloxatin® was dissolved in 25 ml 
of water for injection.) RPMI 1640, penicillin, and 
streptomycin were purchased from Invitrogen Corp. 
(Carlsbad, CA, USA). Fetal bovine serum (FBSi was 
purchased from Seromed (Berlin, Germany). Sulfo­
rhodamine B (SRB) and trypsin-EDTA were 
purchased fro1n Sigma Chemical Corp. (St. Louis, 
MO, USA). Tissue culture plates (96 wells) were 
purchased from Nurre (Roskilde, Denmark). All 
other chemicals were of grade AR. 

Colon cancer cell line 
The colon cancer cell line (SW620) used in 

this study was provided by Dr Chatri 
Ngamkitidachakul, Preclinic Unit, Faculty of 
Medicine, Thannnasat University, Bangkok, 
Thailand. Cells were cultured in RPMI 1640 
niedium supplemented with lOo/o heat-inactivated 
fetal bovine serum (FBS), 100 U penicillin, and 100 
µg streptomycin. Cells were maintained at 37°C in a 
5% C02 humidified incubator and were subcultured 
weekly. The culture medium was changed twice a 
week. 

In vitro cytotoxicity assay 
The sulforhodamine B (SRB) assay was used 

in this study to estimate cell numbers indirectly by 
staining total cellular protein with the SRB. The 
protocol was based on that originally described by 
Skehan, et al. (1990)6 with some 1nodifications. In 
brief, cells at the exponential growth phase were 
detached with 0.25% trypsin-EDTA to make single­
cell suspensions. The viable cells were counted by 
trypan blue exclusion using a haemocytometer7 and 
diluted with medium to give a final concentration of 
1Xl04 cells/ml. Cell suspension was then seeded in 
96-well microtiter plates and treated with various 
concentrations of drugs ranging from 1 to 1000 
ng/ml. The plates were incubated for 72 hours at 
37°C in a 5% C02 humidified incubator. The 
number of viable cells was indirectly estimated by 
staining total cellular protein with the SRB. The 
bound dye was solubilized with Tris buffer. The 
absorbance of each well (three replicates for each 
concentration) was measured using a Sunrise Tecan 
ELISA plate reader (International Diagnostic 
Systems Corp., St. Joseph, MO, USA) at 510 nm. 
The number of viable cells was determined by 
measuring the intensity of color in each well. The 
percentage of cell survival was calculated using 
equation I. IC50 value was expressed as the 
concentration of drugs in nanograms per milliliter 
that caused a 50% growth inhibition compared with 
controls. IC50 values were calculated using 
CalcuSyn Version 1.1. 
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Figure 1 IC50 values of the test formulation (Oxitan®) and the reference formulation (Eloxatin®) on the colon 
cancer cell line. Cell-survival percentages were measured using SRB staining assay. 
Data represents mean± SE of four independent experi1nents. 

Results 
The treatment of an SW620 colon cancer 

cell line with the test formulation (Oxitan®) and 
the reference fonnulation (Eloxatin®) markedly 
decreased cell viability in a dose-dependent 
manner (Figurel). The cell-survival percentages 
for SW620 cells treated with the test formulation 
at 1000, 100, IO, and I ng/ml were 3.45 ± 0.68, 
21.82 ± 2.63, 89.40 ± 6.13, and 97.95 ± 7.37, 
respectively while the values obtained from the 
reference were 2.50 ± 1.25, 25.30 ± 4.60, 96.07 ± 
6.51, and 102.43 ±3.95, respectively. Pronounced 
cytotoxic activities were exhibited by both the test 
and reference formulations, with mean IC50 values 
of 42.8 ± 16.0 and 88.6 ± 26.0 ngirnl, respectively. 
Following statistical analysis using the Student's 
unpaired t-test, it was found that significantly 
lower than that of the reference formulation (p = 
0.022). 

Discussion 
In the present study sulforhodamine B assay 

was used to determine cytotoxic activity. This assay 
has been widely used to indirectly estimate cell 
numbers by measuring the cellular protein content of 
adherent and suspension culture. This method has 
several advantages over the tetrazolium-based assay 
including better linearity, higher sensitivity, a stable 
end-point that doesn't re~uire time-sensitive 
measurement, and lower cost6

·
8
• -

10
. Not only is this 

method less time-consuming, but it also provides a 
sensitive measure of drug-induced cytotoxicity, well 
suited to high-volume, automated drug screening. 
Comparative cytotoxic activity of two oxaliplatin 
preparations - the test formulation (Oxitan®) and the 
reference formulation (Eloxatin®) - on a colon cancer 
cell line revealed that the cytotoxic activities of these 
two formulations- differed significantly. The mean IC50 

value of the test f0~ulation was significantly lower 
than that of the reference formulation. The results 
suggest that the test can be used when cost­
effectiveness is important. 
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2 Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330, Thailand 
3The Government Phamwceutical Organization, Bangkok 10400, Thailand 

Abstract 

Daikat, Malvastrum coromandelianum (L.) Garcke, family Malvaceae, is used 
as an anti-inflammatory, analgesic, and antidysenteric plant. A previous study 
discussed the hypoglycemic effect of the M. coromandelianum water extract in diabetic 
rabbits which did not produce toxicity in rats during a 60-day oral chronic toxicity 
study. This study aimed to investigate the anti-inflammatory effects on carrageenin­
induced hind-paw edema in rats, the analgesic effects on the formalin test, and the 
antipyretic effects on yeast-induced hypertherrnia models of the M. coromandelianum 
water extract. The results showed that the M. coromandelianum water extract inhibited 
hind-paw edema induced by carrageenin. It reduced the licking time of rats and 
exhibited an analgesic effect in both the early and late phases of the formalin test. 
However, it did not exhibit an antipyretic effect on yeast-induced hyperthermia in rats. 
In conclusion, the M. coromandelianum water extract exhibits the antiinflamrnatory and 
analgesic activities. 

Key words: Malvastrum coromandelianum (L.) Garcke, carrageenin­
induced hind-paw edema, formalin test, yeast-induced 
hypertherrnic rat 
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Introduction 
Malvastrunz coro1nandelianu1n (L.) 

Garcke, family Malvaceae (Thai local name: 
daikat) is one of the medicinal plants 
scientifically investigated by the Medicinal 
Plant Research Institute, Department 
of Medical Sciences. A previous study showed 
lhat the M. coron1andelianu1n water extract 
exhibited a hypoglycemic effect in diabetic 
rabbits1

• 1"he water extract of this plant at a dose 
of 0.2-20 g/kg given orally to Wistar rats for 60 
days in a clu·onic-toxicity study did not produce 
toxicity in the anitnals2

• M. coro1nandefianiun is 
used in traditional 1nedicine as an 
antiinflammatory, analgesic, antidysenteric 
plant3

-
5 and in the treatment of jaundice6 and 

ulcers 7• Various extracts of the aerial parts of 
M.coro1nandelianun1 showed antinociceptive 
activity in the acetic acid-induced v.irithing test 
in mice8

. This sludy ai1ned to investigate 
pharmacological properties of the water extract, 
including anti-inflammatory and analgesic 
effects. In addition, the antipyretic aclivity was 
also estiinated. 

Materials and Methods 
Plant material 

The whole plant was collected in Pro1n 
Buri district, Sing Buri province, in 
Nove1nber and Decen1ber 2004. The specin1en 
was authenticated by Mrs Leena 
Phuphathanaphong, a senior botanist with the 
Forestry Department, Ministry of Agriculture, in 
Bangkok and a voucher specimen (BKF 
085182) was deposited at the Bangkok Forest 
Herbarium. The whole dry plant was pulverized, 
boiled in water under pressurized conditions for 
30 minutes, then filtered.The procedure was 
repeated twice. The filtrates were pooled and 
concentrated under reduced pressure, with a 
yield of approximately 8.5% (w/w) after using 
the spray-dried method. 

Experimental animals 
Male Sprague-Dawley rats (weighing 

100-120 g and 200-220 g) and male !CR mice 
(weighing 30-40 g) were purchased from the 
National Laboratory Animal Center, Nakhon 
Pathom, Thailand. All animals were kept in a 
roon1 maintained under environ1nentally 
controlled conditions of 24 ± l°C and on a 12-
hour light/dark cycle. The animals had free 
access to water and standard diet. All 
experiments were conducted in accordance with 
ethical principles and guidelines for the use of 
animals prepared by the National Research 
Council of Thailand. 

Anti-inflarmnatory activity: Carrageenin­
induced hind-paw edema in rats9 

Male rats of 100 to 120 g body weight 
were divided into five groups and received So/o 
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Tween 80 as vehicle, indomethacin at a dose of 
10 mg/kg body weight and the M. 
coroniandelianiun water extract at doses of 50, 
100, and 200 mg/kg body weight, respectively. 
Test drugs and vehicle were given orally 1 hour 
before carrageenin injection. A volume of 0.05 
inl of 1 % A-carrageenin in sterile normal saline 
solution (NSS) was injected intradermally into 
the plantar side of the right hind paw of an 
unanesthetized rat which was restrained in a 
plastic cage. Paw volume was determined by 
n1eans of a volu1ne displacement technique 
using a plethysmorneter (model 7150, Ugo 
Basile, Modena, Italy). The right hind paw was 
illllnersed into the measuring chamber 
containing 0.05% NaCl in distilled water, 
exactly to an ink mark at the anato1nical hair 
line. Each paw volume was obtained from the 
average of lhree readings. The paw volume was 
measured before and 1, 3, and 5 hours after 
ca1Tageenin injection. The edema volume of the 
paw [paw volu1ne (ntl) at time x - paw volume 
(ml) at time O] and the percentage of edema 
inhibition for each test compound versus the 
control group were calculated. 

Analgesic activity: Formalin test10 

Six groups of male Swiss albino mice 
weighing 30 to 40 g were orally given 5% 
Tween 80 (control group), indomethacin (10 
mg/kg body weight), codeine (50 mg/kg body 
weight), and the M. coromandelianun1 water 
extract (20, 40, and 80 mg/kg body weight), 
respectively. In the early-phase assessment, all 
test drugs in a volume of 0.05 ml/10 g body 
weight were administered orally 1 hour before 
20 µl of 1 % formalin in NSS was injected 
subcutaneously into the right dorsal hind paw of 
the mouse. Then between 0 and 5 minutes after 
formalin injection, the time in seconds the mice 
spent for intensive licking the right dorsal hind 
paw was determined. In the late-phase 
assessn1ent, another group of mice was used. 
The formalin was injected 40 minutes after test 
drug treatment and the licking time was 
determined between 20 and 30 minutes after 
formalin injection. The percentage of inhibition 
of the licking response for the test compound in 
both the early and late phases was calculated. 

Antipyretic activity: Yeast-induced 
hyperthermia in rats11 

Before pyrexia was induced, the rats 
weighing 200 to 220 g were restrained in plastic 
cages and the initial rectal temperatures were 
recorded using a ten-channel EXACON electric 
thermometer (model MC 8940, Exacon 
Scientific Instruments ApS, Roskilde, Denmark) 
connected to the probes (model H-RRA, Exacon 
Instruments ApS, Roskilde, Denmark) which 
were inserted into the rat's rectum to about 5 
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cm. To adapt the rats to the handling procedure 
for probe insertion, the basal rectal temperatures 
were taken 1 hour after probe insertion. Thereafter 
hyperthennia was induced by subcutaneous 
injection of 1 ml/100 g body weight of 25% 
yeast in NSS. Eighteen hours after yeast 
injection, the rectal temperatures were again 
recorded. Animals showing a rise in rectal 
temperature of more than 1°C were selected. 
The M. coro1nandelianum water extract, 
indomethacin, and 5% Tween 80 were then 
administered orally and the rectal temperatures 
of anilnals were recorded at 30 minutes and at 1, 
2, and 3 hours following drug treatment. 

Statistical analysis 
Results were expressed as mean ± standard 

error of the mean (SEM). Statistical significance 
was determined by one-way analysis of variance 
(ANOV A) and post hoc least-significant 
difference (LSD) test. P values of less than 0.05 
were considered significant. 

Results 

1. Effect of M. coromandelianum water 
extract and indornethacin on carrageenin­
induced hind~paw edema in rats. 

The inhibitory activity on carrageenin­
induced rat hind-paw edema of test drugs at 
various times after carrageenin injection is 
shown in Table I. The paw edema of the 
control group was respectively augmented 1, 3, 
and 5 hours after carrageenin injection. 
Indomethacin, a cyclooxygenase inhibitor, at a 
dose of 10 mg/kg body weight exhibited 
significant edema inhibition through the 
experimental period. The water extract at doses 
of 50, 100, and 200 mg/kg body weight 
exhibited a significant inhibitory effect on the 
paw edema at hour 5 after carrageenin injection. 

2. Effect of M. Coromandelianum water 
extract, indornethacin, and codeine on 
formalin test. 

The analgesic test using formalin-induced 
pain at the right dorsal hind paw of mice was 
investigated both in the early and in the late 
phases using the intensive licking of the paw as 
a criterion for algesia. The results of the licking 
response on both phases are shown in Table 2. 
In the early phase, the licking time of the 
indomethacin and the codeine groups were 
significant! y decreased compared to that of the 
control group. The M. Coro1nandelianu1n water 
extract at doses of 20, 40, and 80 mg/kg body 
weight exerted significant inhibitory effect on 
the licking response in a dose-related manner. 
However, the inhibition of the licking response 
for the group rece1v1ng the M. Coro­
mandelianu1n water extract at a dose of 80 

J1 

mg/kg body weight was less than that of the 
indomethacin and codeine groups. Similar 
responses to indomethacin, codeine, and the M. 
Coromandelianun1 water extracl were found in 
the late phase of the formalin test. 

3. Effect of M. coromandelianum water 
extract and indomethacin on yeast-induced 
hyperthermia in rats 

Eighteen hours after yeast injection the 
rectal temperatures of all rats rose more than 
1°C. Figure 1 shows that the rectal temperature of 
the control group was stable, although it slightly 
but not significantly declined after 120 minutes. 
Indomethacin at the oral dose of I 0 mg/kg 
significantly reduced the rectal temperature back 
to normal within 30 minutes and lasted for 180 
minutes. The oral administration of the M. 
Coron1andelianuni water extract at a dose of 
1,600 mg/kg body weight did not decrease the 
rectal temperature dudng l 80 minutes after 
ad1ninistration. 

Discussion 
Carrageenin-induced rat hind-paw 

edema has been widely used for discovering and 
evaluating anti-inflammatory drugs 12·13

• The 
edema after subplantar injection of carrageenin 
is produced by a sequential release of the 
pharmacological mediators; histamine sero­
tonin, kinins (bradykinin), and prostaglandins 
(PGs)1

"
15

. An initial phase is mediated by the 
release of histamine and serotonin during the 
first and a half hour after the carrageenin 
injection. From 1.5 to 2.5 hours the second 
phase is mediated by the release of bradykinin, 
and finally during the third phase from 2.5 to 6 
hours the mediator PGs are found. After the 
third phase, the degree of ede1na is retained at 
approximately the same level for several 
hours9•15

"
16

. Oral pretreatment of animals 
with indomethacin resulted in a significant 
inhibition of carrageenin-evoked hind-paw 
edema with the maximu1n effect at hour 5 after 
carragenin injection. The significant inhibitory 
effect of the M. coromandelianum water extract 
on carrageenin-induced paw edema exhibited at 
hour 5 suggests that the main mechanism of M. 
coromandelianu1n action may involve the PGs. 

The formalin test is a useful method for 
assessing analgesic activity17-18

. This test 
consists of two distinct phases which could 
reflect different types of pain mechanisms10·19·22. 
The first phase starts immediately after injection 
of formalin and lasts about 5 minutes. This is 
due to direct chemical peripheral stimulation of 
nociceptors that seems to be caused 
predominantly by C-fiber activation19-20·23 . In 
this phase, the first response is evoked by the 
direct formalin stimulation of the nerve endings 
followed by substance P release; substance P 
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Table 1 Effect of water extract of M. coro111andelianun1 and indomethacin on carrageeninminduced 
hindmpaw edema in rats. 

Group Time after carrageenin injection 

lh 3h Sh 

EV (ml) EI(%) EV (ml) EI(%) EV (ml) El(%) 

Control 0.27 ± 0.02 

Indomethacin!O mg/kg 0.15±0.01 

M. coro1nandelianun1 50 mg/kg 0.26± 0.01 

100 mg/kg 0.20 ± 0.03 

200 mg/kg 0.24 ± 0.03 

Values are expressed as mean± SEM.(n = 6) 
*Significantly different from control at p < 0.05 
EV = edema volume (ml) at tirne 
o/o EI =percentage of ede1na inhibition 

. 

42.75 

1.25 

2.64 

9.43 

0.48 ± 0.02 . 0.67_± 0.03 . 

0.23 ± 0.02 52.11 0.22± 0.02 67.25 

0.43 ± 0.05 10.15 0.46 ± 0.05 30.52 

0.42 ± 0.08 11.47 0.26 ± o.o5' 60.70 

0.38 ± 0.04 19.24 0.23 ± 0.04' 65.31 

Table 2 Efl'ect of water extract of M. coromandelianunz, indomethacin, and codeine on formalin test 

Group Early phase 

Licking time 

(sec) 

Control 98.17 ± 2.61 

Indomethacin 10 mg/kg 44.50 ± 2.62" 

Codeine 50 mg/kg 31.50 ± 1.12 

M. coromandelianuni 50 mg/kg 80.33 ± 2.85" 

100 mg/kg 64.17 ± 2.33' 

200 mg/kg 46.17±2.21' 

Values are expressed as mean± SEM. (n = 6) 
* Significantly different from control at p < 0.0 

Inhibition(%) 

. 

54.67 

67.91 

18.17 

34.63 

52.97 

Late phase 

Licking time Inhibition (%) 

(sec) 

74.83 ± 3.05 . 

19.83 ± 2.63" 73.50 

25.50 ±4.14 65.92 

54.67 ± 5.17 26.94 

36.67 ± 4.91' 51.00 

30.17± 3.oo' 59.68 
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may play a role through cooperation with 
bradykinin in this phase"- The second phase 
begins approximately l S to 20 minutes after 
formalin injection and lasts for 20 to 40 
minutest0·24 . This phase appears to be dependent 
on the combination of an inflammatory reaction 
in the peripheral tissue and functional changes 
in the dorsal horn of the spinal cord20·23·25. 
Several che1nical mediators such as hista1nine, 
serotonin, PGs, and bradykinin are involved in 
the second phase18

. These mediators take part in 
the inflammatory response and are also able to 
stimulate nociceptors and induce pain22·26. The 
response in the early phase can be inhibited by 
centrally acting analgesics such as morphine 
and codeine, whereas the late phase (which 
seems to be due to an inflammatory response) is 
partly mediated by PGs and can be inhibited by 
nonsteroidal anti-infla1nmatory drugs 
(NSA!Ds), corticosteroids, as well as the 
centrally acting analgesics 10

. 

Codeine exhibited an anti-nociceptive 
effect in both phases of the formalin test by 
interfering with pain transmission in the central 
nervous system (CNS)27. It is now well accepted 
that the antinociceptive efficacy of NSA!Ds not 
only depends on inhibiting PGs synthesis at the 
site of injury but also on the prevention of 
nociception-induced PGs - especially PGE2 

release in the spinal cord. Apart from sensitizing 
peripheral nociceptors, PGs may also act in the 
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central nervous system to produce 
hyperalgesia27

. COX-2 is expressed con­
stitutively in the dorsal horn of the spinal cord 
and becomes upregulated briefly after trauma 
(such as damage to a limb) in the cmresponding 
sensory segments of the spinal cord28

• 

Indo1nethacin is able to cross the blood~brain 
barrier and possesses analgesic activity in both 
phases of the present study29

, The water extract 
reduced the licking time and produced the 
inhibitory effect in both phases of this model. 
The mechanisms of analgesic activity of this 
plant may involve its actions on the central 
nervous system and peripheral tissue. 

Yeasts m·e capable of stimulating the 
release of endogenous pyrogens from 
polymorphoneuc learleukocytes and mono-cytes 
as well as TNF from other cells. Antipyretic 
drugs appear to reduce fever by inhibiting the 
synthesis or release of PGs in the thermo­
regulatory center. The antipyretic effect of 
NSAIDs is due to inhibition of the synthesis of 
PGs within the preoptic ante1ior hypo­
thalamus30. The M. coro1nandelianum water 
extract at doses ranging from 400 to 1,600 
mg/kg did not reduce the rectal temperature 
after inducing fever by yeast. Perhaps this is 
because the M. coromandelianum water extract 
can not inhibit the synthesis or release of PGs 
within the preoptic anterior hypothalamus. 

120 180 

---t- Control -o- M.coromandelianum ( 1,6 00 mglkg) -II- Indomethacin (IO mg/kg) 

Figure 1 Effect of M. coron1a11delianu1n water extract and indomethacin on yeast~ 
induced hyperthermia in rats 
*Significantly different from control at p < 0.05 
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In conclusion, M. coro1nandelianun1 
water extract given orally exhibited anti­
inflammatory and analgesic effects. Its anti­
inflammatory mechanisms may involve 
reducing the synthesis and/or the release of PGs 
and other inflammatory mediators. The mech­
anisms of analgesic activity here may act on the 
central nervous system and the peripheral tissue. 
However, the precise mechanisms involved in 
anti-inflanunatory and analgesic effects should 
be further elucidated. 
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Abstract 

Crude ethanolic extracts of Piper betle leaves (Piperaceae ), Alpinia galanga 
rhizomes (Zingiberaceae ), and Allium ascalonicum bulbs (Liliaceae) were previously 
tested against selected zoonotic dermatophytes (Microsporum canis, Microsporum 
gypseum, and Trichophyton mentagrophyte ). The results suggested a promising 
antifungal property of Piper betle extract1

'
2

. Therefore, in this present stndy a 10% 
Piper betle cream (Pb cream) was formulated, subjected to physical and microbial limit 
tests, and evaluated for its effect against zoonotic dermatophytes in vitro. The freshly 
prepared Pb cream (pH-5.0) was dark green with a pungent odor of P. betle leaves. 
After repeated freeze-thawing, the cream was darkening and markedly thickening. Its 
pH also increased significantly. No bacterial or fungal contamination was detected 
from the Pb cream samples. The disc diffusion assay revealed comparable zones of 
inhibition between discs of Pb cream containing 80 µg P. betle extract and 80 µg 
ketoconazole against M. canis, M. gypseum, and T. mentagrophyte at 96 hours after 
incubation. Thereafter, the inhibitory effect of Pb cream markedly decreased and was 
completely lost by day 7. Meanwhile, the effect of ketoconazole cream reduced 
gradually but was still effective against M. canis and T. mentagrophyte after seven days 
of incubation. In summary, the Pb cream has potential therapeutic value for treatment 
of dermatophytosis. However, clinical testing as well as improving the Pb cream 
formulation with greater efficacy and duration of action would be of interest and await 
further investigation. 

Key words: dermatophytes, piperaceae, antifungal activity 
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Introduction 

The incidence of dermatophytic in­
fections has increased considerably <luting the 
past decade3

.4. Derrnatophytoses, considered as 
zoonosis, have created more public health 
concerns due to close contact between humans -
particularly children - and animals such as 
dogs, cats, birds, and small rodents or pocket 
pets. The clinical symptoms may not pose a 
serious threat, but effective treatment is usually 
costly and time-consu1ning. In addition, the 
increasing incidence of resistance in known 
fungal pathogens to the currently available 
antibiotics has recently become more of 
a therapeutic concern5

'
6 Conventional anti­

fungal agents such as chlorhexidine and 
imidazole derivatives have limited uses in the 
pregnant and the young and can produce 1nany 
adverse effects7

'
8

. 

As it becomes necessary to identify and 
develop novel antifungal agents, a number of 
plant extracts and isolated compounds have 
been examined for their bioaclivities. Recent 
studies have suggested that several plant species 
exhibit pro1nising antimicrobial effects1

-
2

'
9

. 

A1nong these, Piperaceae Piper betle L., found 
abundantly in Thailand and other tropical 
countries, has been implicated in both 
traditional human and veterinary medicines. 
Medicinally, the leaves are used in catatThal and 
puln1onary infections. The phenolic constituent 
allylpyrocatechol from the leaves showed 
activity against obligate oral anaerobes 
responsible for halitosis10

. The leaf extract also 
has a stitnulatory effect on pancreatic lipase and 
antioxidant activity11

. In addition, the results 
from our previous study suggested 
antidennatophytic activity of the P. betle 
extract1

• Therefore, the aim of this cu1Tent study 
was to formulate the 10% P. betle cream and 
evaluate its efficacy against commonly found 
zoonotic dermatophytes in vitro, compared to 
the conventional antifungal cream, keto­
conazole. 

Materials and Methods 

Piper betle extract and cream preparation 

Fresh plant samples were collected from 
NaiMuang District, Khon Kaen, Thailand. They 
were cleaned, dried, finely ground, then 
extracted three times with 95% ethanol (1:5 w/v 
ratio) for 24 hours each at room temperature. 
The mixture was filtered and the solvent was 
evaporated at 40°C to near dryness. The 
resulting heavy syrup concentrate of P. betle 
extract percent yield based on fresh raw 
material: 3.46% (w/w) was evaluated for 
antifungal activity as previously repo1ied 1• The 
extract was then used to prepare 10% P. betle 
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cream (Pb cream) by adding coco­
amphocarboxy-glycinate, stearic acid, mineral 
oil, acetyl alcohol, beeswax, DMSO, propylene 
glycol, paraben concentrate, EDTA, and sterile 
water. The Pb cream was kept in a collapsible 
tube at room temperature for subsequent 
experiments. 

Physical and microhial limit test 
The viscosity and pH of the Pb cream were 

determined before and after ten freeze-thaw 
cycles by Brookfield viscometer DVIII (spindle 
T-F) and pH meter with flat electrode, 
respectively. One freeze-thaw cycle was defined 
as depositing the Pb cream for 24 hours at 5°C, 
followed by another 24 hours at room 
temperature. Each test was perfo1med in 
triplicate. The inicrobial limit test was carried 
out by mixing 1 g of Pb cream with 9 ml of 
lactose broth before pipetting l ml of the 
mixture into a Petri dish containing either 
tryptic soy agar or Sabouraud's dextrose agar. 
The total viable count was determined after 
incubation at 37°C for 48 hours. Each test was 
performed in triplicate. 

Antifungal assay (disc diffusion method) 

The fungi used in this study were chosen 
based primarily on their importance as zoonotic 
de1matophytes causing skin infection often 
referred to as ringwonn. M. canis, M. gypseun1, 
and T. 1nentagrophyte were clinical strains and 
were obtained from the Khon Kaen University 
Animal Hospital. All strains were cultured and 
maintained on Sabouraud's dextrose agar 
media. The method of Jessup, et al. (2000) was 
used for inoculuin preparation3

. Conidia of 
2xl05 cells were plated onto Sabouraud's 
dextrose agar inedia. Sterile paper discs 
(Whatman No. 4 paper, 6 mm diameter) were 
impregnated with either Pb cream (containing 
80 µg of P. betle) or 80 µg of ketoconazole 
(Nizoral® cream, Janssen-Cilag). They were 
allowed to dry and were then placed on the agar 
surface. Control discs contained either cream 
base used in preparing the Pb cream or 4o/o 
ethanol used as solvent. The inhibition zones 
were recorded at 96 hours after incubation at 
room temperature. The values were the average 
(mm) of four measurements per disc, taken at 
four different directions to minimize error. Each 
experiment was performed in duplicate. 

Statistical analysis 
Data were expressed as the mean ± 

SEM of four to five separate experiments. 
Statistical analysis was perfo1med using 
independent samples t-test for comparison 
between the two groups. The value of p < 0.05 
was considered statistically significant. 
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Results 

The freshly prepared Pb cream, slightly 
acidic, was dark green, with a strong pungent 
odor of P. betle leaves. After ten freeze-thaw 
cycles, the cream was darkening and markedly 
thickening. Its pH also increased significantly 
(Table 1). The total viable count was found 
negative for both bacteria and fungi. As shown 
in Table 2, the disc diffusion assay revealed 
comparable zones of inhibition between discs of 
Pb cream containing 80 µg P. betle exh·act and 
discs containing 80 µg ketoconazole against 

Table 1 Physical test of 10 % P. betle cream 

Test substance 

Freshly prepared 10% P. betle cream 

10% P. betle cream after repeated freeze-thawing 

* Significantly different at p < 0.05 
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M. canis, M. gypseum, and T 1nentagrophy1e at 
96 hours after incubation, although Pb cream 
exposed to repeated freeze-thawing showed 
reduced activity. It was observed that after 96 
hours the inhibitory effect of Pb cream 
markedly decreased and was completely lost by 
day 7. Meanwhile, the effect of ketoconazole 
crea1n reduced gradually but was still effective 
against M. canis and T n1entagrophyte after 
seven days of incubation. Control discs of 4% 
ethanol and cream base had no discernable 
effect on the growth of tested dermatophytes. 

Viscosity (cps) pH 

235, 965 ± 2658 5.04 ± 0.01 

495, 050 ± 2582' 5.58 ±0.03' 

Table 2 Inhibitory effect of 10% P. betle cream against selected dermatophytes 

Inhibition zone (mm)"' 

Test disc M. canis M. gypseu1n T. mentagrophyte 

Fresh! y prepared I 0% P. belle cream 28.00 ± 0.12 20.30 ± 0.29 32.00 ± 0.15 

10% P. betle crea1n after repeated freeze- 25.10 ± 0.23*t 17.50 ± 0.12* 30.40 ± 0.47*1 

thawing 

Ketoconazole cream 29.30 ±0.03 18.70 ± 0.24 35.70 ± 0.23 

3Inhibition zone was measured at 96 hours after incubation at roo1n temperature. 
;~e v_a~ues wer~ the average (mm) of four measurements per disc. Each experiment was performed in duplicate. 

s1gn1f1cantly different at p< 0.05 from freshly prepared lOo/o P. hetle cream 
t significantly different at p< 0.05 from ketoconazole cream 

Discussion and Conclusion 
Previous phytochemical and pharma­

cological studies have suggested that the amides 
and cinnamoyl derivatives, as welJ as chavical 
and chavibetol found in the Piperaceae species, 
are responsible for their therapeutic values as 
antimicrobials 12

• Our report on the potential 
antidermatophytic activity of P. betle extract 
with no skin irritation accordingly validated the 
therapeutic value of this plant, as previously 
described for P. dilatatum, P. arboretiun, and P. 
tuberculatum13

'
14

• Based on a previous broth 
dilution study, it is noteworthy that the re,, 
values of ketoconazole on our clinical strains of 
M. canis, M. gypseion, and T. mentagrophyte 
were 14.14 ± 3.8, 8.04 ± 5.5, and 5.13 ± 1.2 
µg/ml, respectively, possibly suggesting some 

degree of existing drug resistance1
• Employing 

the broth microdilution methods, Stein and 
colleagues reported the much lower MIC values 
of ketoconazole to be 0.05 and 0.025 µg/ml for 
standard strains of M. gypseu1n and T 
mentagrophyte, respectively15

• However, the 
discrepancy between studies should be 
interpreted with caution since differences in 
testing techniques and characteristics of tested 
microorganisms could have a significant impact 
on the results obtained. The present study 
aimed to evaluate the efficacy of 10% P. betle 
cream against commonly found zoonotic 
dermatophytes in vitro compared to the 
conventional antifungal cream, ketoconazole. 
Because canine and feline skin are more 
sensitive than human skin, the 10% Pb cream 
formulated in this study did not contain benzoyl 
peroxide, which could cause skin irritation and 
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adverse effects7
'
8

, The preparation exhibited 
antiderrnatophytic activity comparable to that of 
ketoconazole cream when the inhibition zones 
were measured at 96 hours after incubation. 
This effect was dependent on the presence of P. 
betle extract since the crean1 base used in the 
preparation did not inhibit the fungal growth at 
any time point. The effect of the Pb cream, 
however, could not be maintained for a longer 
period(> 96 h), suggesting a possible short-life 
active compound(s) in the tested product. 
Challenging the Pb cream with repeated freeze­
thaw cycling not only markedly altered physical 
and pH properties, but also resulted in 
apparently reduced antifungal activity. This 
may have been due to the decomposition of 
antifungal components during the treatments, 
but no direct evidence has been reported on the 
effect of temperature and pH on the activity of 
the antifungal components in Piperaceae. Thus 
far, only one study has suggested that heat and 
alkalinity could decrease the inhibitory effect of 
most Alli uni plants against Aspergillus fungi 16

. 

In conclusion, although the P. betle 
extract formulated as 10% skin cream showed 
antifungal activity, the extract shelf life, method 
of extraction, and the cream formulation used in 
this present study could have affected the 
efficacy and duration of action of the Pb cream. 
It would be of interest to directly elucidate the 
influence of temperature, acidity, and alkalinity 
on the stability and activity of P. betle extract 
and Pb crean1. Modifying the cream for­
mulation would improve its efficacy and thus 
provide a true value-addition to agricultural­
based preparations with greater clinical benefits 
in veterinary medicine. 
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Abstract 

Pueraria mirifica Airy Shaw and Suvatabandhu, known locally as "white kwao 
keur", is a plant of the family Leguminosae. In this study, the effects of P. mirifica on 
hepatic cytochrome P450 (CYP) were investigated in male Wistar rats. Rats were 
randomly divided into four treatment groups: normal diet-fed; normal diet-fed 
supplemented with P. mirifica; high-cholesterol diet-fed; and high-cholesterol diet-fed 
supplemented with P. mirijica. Each group comprised ten rats. P. mirijica was 
administered orally at a dosage of 100 mg/kg/day for 90 consecutive days. At the end of 
the treatment, animals were anesthesized. Microsomes were prepared from the livers for 
enzyme assays. The results showed that P. mirijica significantly inhibited CYP2B 1/2B2 
in both normal diet and high-cholesterol diet-fed rats. Its inhibitory effect on CYP1A2 
and CYP2El was found only in normal diet-fed rats. No effect of P. mirifica was found 
on CYPlAl and CYP3A. Inhibitory effects of P. mirifica on CYP2Bl/2B2 and CYP2El 
were also found in the in vitro study. Inhibitory effects of P. mirifica on CYP1A2, 
CYP2B 1/2B2, and CYP2El indicated potential benefits of this plant for chemical­
induced carcinogenesis, in addition to a potential role in drug-drug interaction with other 
medicines that are metabolized by these CYPs. Effects of P. mirifica at various doses as 
well as the mechanism of these effects should be further investigated. Effects of P. 
mirifica on human CYP should also be explored. 

Key words: P. mirifica, cytochrome P450, normal diet-fed rat, high-cholesterol 
diet-fed rat 
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Introduction 

Pueraria niirifica Airy Shaw and 
Suvatabandhu, known locally as "white kwao 
keur", is a plant of the family Leguminosae, 
Rhizomes of this plant have been used 
traditionally for skin enrichment, thickening and 
blackening hair, relief of weakness, improving 
appetite, treating insomnia, and breast 
enlargement in women 1• The uses of P. 111irifica 
in traditional medicine may be attributed to the 
estrogenic properties of its constituents. Several 
previous studies demonstrated that this plant 
contained various compounds, including 
phytoestrogens the compounds with estrogen­
like biological activity. Phytoestrogens found 
in tuberous roots of P. 1nirifica include 
miroestroI2, kwakhurin3

, puerarin4
, coumestrol, 

daidzin, daidzein, mirificin5
, genistein, 

genistin6
, and deoxymiroestrol7

, Besides 
phytoestrogens, this plant also contains other 
nonestrogenic compounds such as iso­
miroestrol8, puemiricarpene9

, and miri­
ficoumestan10 

Epidemiological studies showed that 
frequent consumption of a phytoestrogen-rich 
diet, as seen in traditional Asian food, is 
associated with lower risks of many diseases 
such as breast, prostate, and colon cancers as 
well as cardiovascular diseases 11-13

. Several 
studies have suggested that genistein and 
daidzein exhibit cancer chemopreven­
tive effects14

-
17 for which the specific 

mechanisms have not been clearly identi­
fied. In vitro and in vivo studies found that 
genistein exhibited antiproliferative effects in 
human breast cells 18

. It also inhibited tyrosine­
specific protein kinases 19, DNA topoiso-merase 
epidermal growlh factor-induced phos­
phatidylinositol turnover21

, and angiogenesis22
. 

Inhibition of hepatic enzymes (cytochrome 
P450, CYP) involved in activating carcinogens 
and mutagens as well as stimulating hepatic 
enzymes in detoxification pathways (glutathione 
S-transferase, GST; UDP-glucuronosyl­
transferase, UDPGT; etc.) are among the 
hypotheses proposed by several group studies to 
explain the anticarcinogenic effects of 
phytoestrogens with flavonoid structures23

·
24

• 

For example, genistein has been shown to 
inhibit CYPIAI, CYPIA2, and CYP2El 25

. 

Generally, CYP is an important enzyme of 
phase I drug metabolism. CYP in families 
1, 2, and 3 plays a significant role in xenobiotic 
(drugs, chemicals, pollutants, etc.) metabolism 
of both toxification and detoxification. CYP 
isoforms that play a key role in activating 
xenobiotics to toxic metabolites include CYPs 
!Al, 2Bl/2B2, 2Cll/2C!2, 2El, and 3Al/3A2 
in rats as well as CYP1Al/1A2, 2B6, 2El, and 
3A4 in humans26

'
27

• 

23 

To date, the cancer che1nopreventive 
effects of P. 1nirifica have never been 
investigated. Likewise, no studies exist on the 
effects of P. mirifica on CYPs (the enzyme 
system involved in activating chemical 
carcinogens). If P. 1nirifica causes inhibitory 
effects on CYPs that play a key role in 
carcinogenic and mutagenic activation of n1any 
environmental chemicals, this plant could 
potentially reduce risks of chemical carci­
nogenenesis (or could itself be carcinogenic if 
it possesses the inducing effects). Furthermore, 
modulating of these CYP isoforms that 
normally responsible for .metabolizing many 
therapeutic drugs could provide useful 
information on P. 1n1:rijica related to drug-drug 
interaction. Thus the objective of this study was 
primarily to investigate subchronic effects of P. 
mirifica on rat hepatic CYPs such as CYPs !Al, 
IA2, 2Bl, 2B2, 2El, and 3A involved m 
carcinogen and mutagen activation as well as 
drug metabolism. 

Materials and Methods 

Materials 

The following chemicals were obtained 
from Sigma Chemical Corp. (St. Louis, MO, 
USA): acetylacetone; 4-aminophenol; aniline 
hydrochloride; bovine serum albumin; cupric 
sulfate; ethylenediarnine tetraacetic acid; Polin 
and Ciocalteu's phenol reagent; glucose 
6-phosphate (G6P); glucose 6-phosphate 
dehydrogenase (G6PD); nicotinamide adenine 
dinucleotide phosphate (NADP); potassium 
phosphate; potassium phosphate monobasic 
anhydrous; sodium carbonate; sodium citrate; 
sodium phosphate dibasic anhydrous; Trisma® 
base; benzyloxy-resorufin; ethoxyresorufin; 
methoxy-resorufin; pentoxy-resorufin; and 
resorufin. Magnesium chloride, phenol, 
potassium chloride, sodium chloride, sodium 
hydroxide, and trichloroacetic acid were 
purchased from E. Merck (Darmstadt, 
Germany). Absolute ethanol and glycerol were 
obtained from Carlo Erba (USA). Acetone and 
methanol (HPLC grade) were obtained from 
BDH Laboratory Supplies (Poole, England). 
Sodium dithlonite was purchased from Fluka 
Chemic (Tokyo, Japan). Erythromycin stearate 
was provided by Siam Pharmaceutical 
(Bangkok, Thailand). 

Animals 
Adult male Wistar rats with body weights 

of 200 to 250 g were obtained from the National 
Laboratory Animal Center, Mahidol University, 
Salaya, Nakhon Pathom, Thailand. Rats were 
housed two per cage at the Faculty of Medicine, 
Srinakharinwirot University, Bangkok and 
acclimatized for at least seven days. They were 
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maintained at 25°C on a 12-hour light/dark 
cycle and had free access to the diet and water 
throughout the study. High-cholesterol rats 
were fed a high-cholesterol diet conlaining 1 % 
cholesterol plus 2% sodium choleate. All diets 
were pm-chased from the Charoen Pokphand 
Group (Bangkok, Thailand). The protocol for 
animal housing and treat1nent used in 
this study was approved by the Ethics 
Cominittee of the Faculty of Pharmaceutical 
Sciences, Chulalongkorn University, Bangkok. 

P. 1nirifica 

Dried fine powder of P. 1nirjfica tuberous 
root was obtained from Dr. A1nphawan 
Apisariyakul, Department of Pharmacology, 
Faculty of Medicine, Chiang Mai University, 
Thailand. P. niir(fica used in this study was 
cultivated al the Ban Tak and Mae Sot districts 
of Tak province, Thailand, wilh the tuberous 
roots collected during March and April 
2000.The powder was identified for its 
estrogenic activity by dissolving it in water, 
filtering and analyzing by immunoassay. The 
result showed that the solution of P. 111irifica 
used in this study possessed estrogenic activity 
in a concentration related 1nanner (unpublished 
data). P. mirifica for animal adn1inistration was 
prepared freshly by dissolving 6 g of the powder 
with 100 ml of double distilled water, mixing it 
well, and filtering out any remaining fiber with 
a cloth filter. While drawing the suspension into 
the gavage tube, the suspension was thoroughly 
mixed by magnetic stiITer. 

Experimental model: ex vivo study 
Rats were randomly divided into four 

treatment groups: normal diet-fed; normal diet­
fed supplemented with P. mirifica; high­
cholesterol diet-fed; high-cholesterol diet- fed 
supplen1ented with P.1nirifica. Each 
group comprised ten rats. P. 1nirifica was 
administered orally at a dosage of 100 mg/kg/ 
day for 90 consecutive days. 

Microsome preparation 
At the end of the treatment, animals were 

fasted for 12 hours before being anesthesized 
with diethyl ether by inhalation. Livers were 
perfused in situ with ice-cooled 0.9% sodium 
chloride via portal vein and immediately 
excised. Rat liver nlicroson1es were prepared 
using Lake's method28 with some modifications. 
Liver nllcrosomal protein concentrations were 
determined by modifying the method of Lowry, 
et al.29 

Enzyme assays 
Hepatic microso1nal total CYP contents 

were determined spectropholometrically ac­
cording to O:mura and Sato's method30

. The rate 
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of hepatic microsomal alkoxyresorufin 0-
dealkylation was determined according to the 
method of Burke and Mayer31 and Lubet, et al. 32 

with son1e 1nodifications. Benzyloxyresorufin 
(BR) and pentoxyresorufin (PR) were used as 
selective substrates of CYP 2Bl/2B2. 
Ethoxyresorufin (ER) and methoxyresorufin 
(MR) were used as selective substrates of CYP 
!Al and CYPI A2, respectively. The catalytic 
activity of CYP2El was determined based on 
the rate of hepatic microson1al aniline 4-
hydroxylation, according to the method of 
Schenkman, et al. 33 Aniline hydrochloride was 
used as a selective substrate in this reaction. The 
rate of hepatic nlicrosomal erythromycin N­
de1nelhylation was determined using the method 
of Nash, et al. 34 and Friedli35

. Erythromycin 
stearate was used as a selective substrate of 
CYP3A. 

In vitro study 

To prepare microso1nes for the 
inhibition study, four rats were induced by 
phenobarbital, a selective inducing agent of 
CYP2B l/2B2. Phenobarbital at a dosage of 80 
mg/kg/day was administered intra-peritoneally 
to rats for three days36

. Another group of four 
rats was allowed to drink water supplemented 
with 1 % v/v acetone for seven days for 
induction of liver CYP2EI 25

, Liver microsomes 
were prepared from these animals as mentioned 
above. To investigate the inhibition effect of 
P. n1irifica on CYP2B l/2B2 in vitro, various 
concentrations of P. 1nir(fica were prepared and 
added concomitantly with benzyloxyresorufin in 
the incubation mixture of benzyloxyresorufin 
0-dealkylation as men-tioned above. The final 
concentrations of P. 1nirifica in the reaction 
mixture were 0%, 1 %, 2.5%, 5%, 7.5%, 10%, 
15%, and 20% w/v, with the phenobarbital­
induced rat liver microsomes used in the 
reaction. Likewise, to investigate the inhibition 
effect of P. 1nirifica on CYP2El in vitro, 
various concentrations of P. mirifica were added 
concomitantly with aniline hydrochloride in the 
incubation inixture of aniline 4-hydroxylation as 
mentioned above. The final concentrations of P. 
n1ir(fica in the reaction mixture were 0%, 1 %, 
2.5%, 5%, 7.5%, and 10% w/v, with the 
acetone-induced rat liver microsome were used 
in the reaction. Inhibition percentages of CYP 
activities were calculated by compareing the 
rate of benzyloxyresorufin 0-dealkylation or 
aniline 4-hydroxylation at various con­
centrations of P. mirifica with the cor­
responding rate of the reactions without 
P. 1nirifica. 

Statistics 

All quantitative data were presented as 
mean ± standard enor of the mean (SEM). An 
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independent t-test was used for statistical 
comparisons between no1mal diet-fed versus 
normal diet-fed supplemented with P. nzirifica 
and high-cholesterol diet-fed versus high­
cholesterol diet-fed supplemented with 
P. mirifica. A p value of less than 0.05 was 
considered significant. To estimate IC50 values, 
the percentage of inhibition was transformed to 
probit units. The linear regression method was 
used to fit a curve between probit units and P. 
nJ.irifica concentrations in the reaction mixture 
by using Sigma Plot software. The IC50 value 
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was calculated from the linear regression 
equation. 

Results 

Effect of P. mirifica on hepatic CYPs in an 
ex vivo study 

P. n1irijica significantly decreased 
hepatic inicrosomal total CYP content in normal 
diet-fed rats but not in high-cholesterol diet-fed 

c C·PM 

~----------·---- --------··-~-·-·--

Figure 1 Effect of P. mirij/ca on hepatic microsomal total CYP contents 

The individual bar represents the mean of hepatic microsomal total CYP content with an SEM error bar 
(n = 10) 
* p < 0.05; Normal diet-fed supplemented with P. 111irifica group vs. normal diet-fed group 
N = Normal diet-fed group N-PM = Normal diet-fed supplemented with P. n1ir(fica group 
C = High-cholesterol diet-fed group C-PM = High-cholesterol diet-fed supplemented with 

P. 111irifica group 

rats when compared to lhe corresponding diet­
fed rats without P. mirifica (Figure I). 

P. mirifica had no significant effect on 
the rate of ethoxyresorufin 0-dealkylation 
(EROD, which represented CYPIAI activities, 
under either normal or high-cholesterol diet 
conditions (Figure 2). Regarding the effects on 
CYPIA2, P. mirifica significantly inhibited the 
methoxyresorufin 0-dealkylation (MROD) rate 
in nor1nal diet-fed rats but not in high­
cholesterol diet-fed rats (Figure 3). The rates of 
both benzyloxy and pentoxyresorufin 0-
dealkylation (BROD and PROD, respectively), 
representing CYP2B l/2B2 activities, were 
significantly decreased by P. nzirifica in both 
normal diet-fed and high-cholesterol diet-fed 
groups compared to their corresponding diet-fed 
control groups (Figure 4). P. mirifica 
significantly decrea.;;ed the rate of aniline 4-
hydroxylation (representing CYP2El activity) 
in normal diet-fed rats, but did not affect this 
reaction in high cholesterol diet-fed rats (Figure 
5). As for hyper-cholesterolernic effects, high-

cholesterol diet conditions caused decreased 
CYP2El activity when compared to normal 
diet conditions (0.209 ± 0.02 vs. 0.130 ± 0.02; p 
< 0.05). P. mirifica did not cause any 
significant effects on the rate of erythromycin 
N-demethylation (representing CYP3A activity) 
in either normal or high-cholesterol diet 
conditions (Figure 6). 

Effect of P. mirifica on hepatic CYPs in an in 
vitro study 

Consistent with the results of the ex vivo 
study (Figures 4 and 5), P. mirifica exhibited an 
in vitro inhibition effect on CYP2B l/2B2 and 
CYP2El in a dose-dependent manner with a 
median inhibition concentration (!Cs0) of 23.09 
% w/v and 5.18% w/v, respectively (Figures 7 
and 8). 
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Figure 2 Effect of P. 1nirifica on hepatic microson1al EROD activily (CYPIAI activity) 

The individual bar represents the mean BROD activity with an SEM error bar (n = 10) 
N = Normal diet-fed group 
N-PM = Normal diet-fed supplemented with P. 1nirifica group 
C = High-cholesterol diet-fed group 
C-PM = High-cholesterol diet-fed supple1nented with P. minjlca group 
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Figure 3 Effect of P. 1nirifica on hepatic microsomal MROD activity (CYPl activity) 

The individual bar represents the mean MROD activity with an SEM error bar (n = 10) 
* p < 0.05; Normal diet-fed supplemented with P. 111irifica group vs. normal diet-fed group 
N =Normal diet-fed group 
N-PM =Normal diet-fed supplemented with P. 1nir!fica group 
C =High-cholesterol diet-fed group 
C-PM =High-cholesterol diet-fed supplemented with P. 1nirifica group 



Thai J Phannacol; Vol 28:No.3,2006. 

70 20 -·-------------~-----·--

60 

:£ 50 
E 

f ~ 40 e • ~ 

""' 
15 

~ 
"E' 

-~ " _, 
·~ 

" • ~ 10 

" rn 30 -ii' E 
m " E 20 

"" 
" rn 
0 ~ "' "" 0 

E 
5 "" 10 

N N·PM C C·PM N N-PM C C-PM 

-----------------~ 

Figure 4 Effects of P. 1nirifica on hepatic tnicrosomal BROD and PROD activity (CYP2Bl&2B2 activity) 

The individual bar represents the mean PROD activity with an SEM error bar (n = 10) 
* p < 0.05; Normal diet-fed supplemented with P. mirifica group vs. normal diet-fed group 
+ p < 0.05; High-cholesterol diet-fed supplemented with P. mirifica group vs. high-cholesterol diet-fed group 
N = Normal diet-fed group 
N-PM =Normal diet-fed supplemented with P. 1nirifica group 
C =High-cholesterol diet-fed group 
C-PM =High-cholesterol diet-fed supplemented with P. mirijica group 

0.25 __________________ ,_,. __ _ 

,?; 0 .2 -------

~ ~ 

i ~ 0'1 5 • 
e 
~ 

u rn 
£ E 0'1 _. '8 
• E 
~ s 
c 0 .0 5 < 

0 
N N-P M C'-PM 

Figure 5 Effect of P. mirifica on rate of aniline 4-hydroxylation (CYP2E1 activity) 

The individual bar represents the mean of the rate of aniline 4-hydroxylation with an SEM error bar (n = 10) 
* p < 0.05; Normal diet-fed supplemented with P. n1irifica group vs. normal diet-fed group 
N =Normal diet-fed group 
N-PM =Normal diet-fed supplemented with P. 1nirifica group 
C =High-cholesterol diet-fed group 
C-PM =High-cholesterol diet-fed supplemented with P. mirifica group 
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Figure 6 Effect of P. 1nirifica on rate of erythromycin N-de1nethylation (CYP3A activity 

The individual bar represents the 1nean of the rate of erythromycin N-de1nethylation with an SEM error bar 
(n = 10) 
N =Nonna! diet-fed group 
N-PM =Normal diet-fed supplemented with P. 111irifica group 
C =High-cholesterol diet-fed group 
C-PM =High-cholesterol diet-fed supplemented with P. n1ir(fica group 
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Figure 7 In vitro inhibition effect of P. mirifica on CYP2B I; 2B2. Data shown is the 

mean ± SEM (n = 4). 
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Figure 8 In vitro inhibition effect of P. mirifica CYP2El Data shown is the mean ± SEM (n = 4). 

Discussion and Conclusion 

This study primarily investigated sub­
chronic effects of P. mirifica on hepatic CYPs 
involved in drug metabolism and various 
metabolic activations of mutagenic and/or 
carcinogenic xenobiotics. This would partly 
give preliminary information of P. ntirifica in 
term of drug-drug interaction potential and a 
potential either to increase risk of xenobiotic­
induced mutagenesis/carcinogenesis or, in the 
opposite way, to afford antimutagenic/ 
aniticarcinogenic effects against xenobiotic­
induced carcinogenesis. In this study P. mirifica 
was administered to rats at a dosage of 100 
mg/kg/day - a dosage that was shown to 
decrease serum cholesterol without any serious 
toxic effects in a previous study37

. 

The cardiovascular advantages of phyto­
estrogens attributed to their lipid-lowering 
effects have been well documented. Besides 
studying normal rats, this study was also 
performed on hypercholesterolemic rats, the 
model of which effect of P. mirifica on hepatic 
CYPs had never been investigated. 

To investigate the effects of P. mirifica 
on hepatic microsomal CYPs responsible for 
drug metabolism as well as carcinogen 
activation, an ex vivo study was pe1formed 
using treated-rat livers for microsoinal 
preparations. Enzyme induction and some forms 
of enzyme inhibition can be simultaneously 
investigated by this experimental model. The 
results showed that in normal diet-fed rats P. 
mirifica decreased total CYP contents as well as 
the activities of CYP1A2, CYP2B/2B2, and 

CYP2El. Normally, CYPIA1/1A2, CYP2Bl/ 
2B2, CYP2El, and CYP3A are among the 
CYPs that play a key role in carcinogenic and/or 
mutagenic activation of many environmental 
chemicals27

'
38

-
39

. Since the results showed no 
inducing effect of P. mirifica on these CYP 
isoforms, this suggests no increased risk of 
toxicity from xenobiotics whose toxic 
metabolites (via bioactivation of xenobiotics) 
are carcinogens. Inhibitory effects of P. niirifica 
on CYPIA2, CYP2Bl/2B2, and CYP2El, on 
the other hand, would indicate an antimutagenic 
or anticarcinogenic potential of this plant 
against many procarcinogens. In addition, the 
inhibitory effect of P. mirifica on CYPIA2, 
CYP2Bl&2B2, and CYP2El implied that some 
constituents in P. 1nirifica may be substrates of 
these CYP isoforms or might only be inhibitors 
of these CYPs without being metabolized by 
these enzymes. Further study on the metabolic 
pathway of P. mirifica is needed to clarify this. 
A few studies have been conducted on the 
inhibitory effects of genistein/daidzein on 
hepatic CYPs25 as well as the metabolism of 
genistein23

. Both genistein and daidzein (or its 
metabolite, equol) have been found to inhibit 
CYP1Al/1A2 and CYP2El using mice-liver 
microsomes and human-specific CYPs25

. 

Genistein has been shown to be metabolized by 
CYP1Al/1A2, CYP!Bl, and CYP2El"­
Besides genistein and daidzein, puerarin 
(another compound also found in P. mirifica) 
has been shown to have an inhibitory effect on 
CYPs such as CYP2E I, CYP2B 1, and 
CYP3A 40

. Therefore, the mechanism of these 
in-hibitory effects and which plant constituents 
exerted these effects should be further 
investigated. As for drug-drug interaction 
implications, no P. niir(fica effect on CYP3A (a 
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REVIEWS 

Comparison of Two Commercially Available Pegylated 
Liposomal Doxorubicin Products: 
Doxil/Caelyx versus Lipo-Dox 

Praneet Opanasopit 

Department of Phannaceutical Technology, Faculty (}f Pharmacy, Silpakom University, 
Nakhon Pathom 73000, Thailand 

Abstract 

The current status of newly developed polyethyleneglycol·coated liposome (PEG-liposome or 
pegylated lyposome) is described in this review. Liposo1nes have demonstrated considerable promise as a 
ca1Tier for delivering drugs in vivo. However, one drawback is that most liposo1nes intravenously injected 
into animals are rapidly removed from the blood circulation by uptake primarily in the cells of the 
reticuloendothelial system (RES). It has been found that PEG-liposomes are not readily taken up by the 
macrophages in the RES and hence remain in the circulation for a relatively long period. Pharn1acokinetic 
analysis and therapeutic studies with tumor~bearing mice revealed that PEG-liposomes have considerable 
potential .as drug carriers for cancer therapy. In several animal and human tumors, including breast, 
prostate, pancreatic, and ovarian xenografts, pegylated liposomal doxorubicin (Doxil or Caelyx) produced 
higher intratumoral drug concentrations and better therapeutic responses than equivalent doses of 
conventional (nonpegylated) liposome-encapsulated doxorubicin or free doxorubicin. The toxicity of 
Caelyx is dose- and schedule-dependent and well correlated with phannacokinetic paraineters. In this 
review, we also discuss the different lipid ratios and lipid composition of PEG-liposome influences on the 
phar1nacokinetic, biodistribution, therapeutic activity, and toxicity. Moreover, it's obvious that higher 
plasma AUC may not always be advantageous to patients who receive pegylated liposomal doxorubicin. 
A clinical trial was required to determine the best therapeutic activity and toxicity of PEG-liposomal 
doxorubicin formulations. 

Key words: Pegylated liposome, Doxorubicin, Solid tumors, Doxil/Caelyx, Lipo-Dox 
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Introduction 
Many attempts have been n1ade to 

achieve good selectivity for targeted tu1nor cells 
by preparing specialized ca1Tier agents that are 
therapeutically beneficial for anticancer therapy. 
Among these, liposomes are the most studied 
colloidal particles thus far applied in medicine -
particularly in antitumor therapy. Although they 
were first described in the 1960s1

, only at the 
beginning of the 1990s did the first therapeutic 
liposomes appear on the 1narket. The first­
generation liposo1nes (conventional liposomes) 
comprised a liposome-containing arnphotericin 
B, AmBisome used as an antifungal drug2 and 
TLC D-99 (Myocet®: Elan Pharma Int, 
Princeton, NJ, USA), a doxorubicin-containing 
liposo1ne, used in clinical trials to treat 
metastatic breast cancer3

. The second­
generation liposomes (pure lipid approach) were 
long-circulating liposomes, such as 
Daunoxon1e, a daunorubicin-containing 
liposome approved in the United States and 
Europe to treat AIDS-related Kaposi's sarcoma4

. 

The third-generation liposomes were surface­
modified liposomes with gangliosides or sialic 
acid, which can evade the immune system 
responsible for removing liposomes fro1n 
circulation5

. The fourth-generation liposomes, 
pegylated liposomal doxorubicin (Doxil®: 
ALZA Corporation, Palo Alto, CA, also known 
as Caelyx®: Schering-Plough, Madison, NJ, 
USA; and Lipo-Dox®: TTY Biopharm 
Company, Ltd, Taiwan), were cal!ed "stealth 
liposomes" because of their ability to evade 
ren1oval from the circulation by the immune 
system6

• Several clinical studies didn't support 
the use of conventional liposomes in cancer 
treatment7

-
8

. Although it's still not clear whether 
such liposomes can be of benefit in cancer 
therapy, it has been demonstrated that small, 
stable liposomes can passively target several 
different tumors9

-
10 because they can circulate 

for prolonged pe1iods and extravasate into 
tissues with enhanced vascular permeability11

. 

Various kinds of liposomes show 
differences in biological properties, such as 
half-life in blood, disposition, rate and site of 
drug release, and target. Liposomes can be 
useful for prolonging circulation time, isolating 
the agents at the target site from the systemic 
background, and reducing toxicity and side 
effects of the encapsulated materials - all of 
which result in enhanced clinical efficacy of the 
drugs. One attractive application of liposomes is 
for cancer chemotherapy, since most anticancer 
drugs are very toxic to normal as well as to 
tumor cells. Therefore, liposomes would be 
quite a useful carrier if they could be targeted to 
the appropriate site. 

In this review, we describe and discuss: (1) 
long-circulating liposomes; (2) passive targeting 
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of long-circulating liposo1nes to solid tumor 
tissues; (3) pegylated liposomal doxolubicin; 
and (4) a comparison of the different lipid ratios 
and lipid composition of PEG-liposo1ne 
influences on pharmacokinetics, biodistribution, 
therapeutic activity, and toxicity (Doxil/Caelyx 
vs Lipo-Dox). We focus especially on the factor 
determining the toxicity of PEG-liposo1nal 
doxorubicin formulations. 

1. Long~circulating liposomes 
The tendency for liposomes to be trapped 

by the reticuloendothelial system (RES) is very 
useful for passive targeting of liposomes to the 
RES and for delivering encapsulated materials 
to the liver and spleen. However, if the target 
site isn't the RES, this tendency can be a strong 
disadvantage of liposomal drug delivery 
systems (DDS). Therefore, if widespread use of 
liposon1es is considered, liposomal formulation 
or strategies for avoiding RES-trapping would 
be essential. Since the RES is responsible for 
inuch of the clearance of liposomes from the 
circulation, reducing RES-trapping of liposomes 
endows them with long-circulating 
characteristics - thus the term "long-circulating 
liposomes". 

Conventional liposomes are opsonized by 
plasma proteins and trapped by the RES. 
To avoid or reduce RES-trapping of liposomes, 
two major approaches have been considered12

• 

The first approach designs liposornes that mimic 
blood cells in the circuJation and reduce the host 
recognition of liposomes as foreign substances. 
Another approach aims to reduce opsonization 
of liposomes by increasing the hydrophilicity of 
the liposornal surface. To avoid RES-trapping 
of liposomes, a great deal of research has 
exrunined liposomal formulations based on 
stability and the liposome clearance rate. 
Subsequently, small, less-fluid liposomes were 
revealed to be suitable among conventional 
formulations without specially modifying the 
surface with polyethylene glycol or other 
residues. Liposomes composed of saturated 
phospholipids such as distearoyl-phos­
phatidylcholine (DSPC) and cholesterol (Cho) 
have been shown to be stable in plasma and are 
retained longer in the circulation 13

. Liposomes 
containing sphingomyelin (SM) have similar 
characteristics. In both cases, small, less-fluid 
liposomes have a longer half-life by avoiding 
RES-trapping. 

Glycoproteins and glycolipids especially 
sialyglycoconjugates on the surface of 
erythrocytes are thought to play an important 
role in the recognition as self. Thus various 
modifications of liposomes with natural 
glycolipids, gangliosides, or synthetic 
sialyglyco derivatives were attempted. Allen 
and coworkers first reported that modifying 
liposomes with monosialoganglioside (GM!) 
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prolonged their circulation time in ntice 1
". The 

effect of lipid composition, including GM! lipo· 
so1nes, on the tissue distribution of liposomes in 
nor1nal inice was exanrined by Gabizon5

. Even a 
s1nall change in liposome formulation caused a 
significant increase in circulation tin1e, resulting 
in up to n1ore than a 200-fold difference in the 
RES/blood ratio. Several other glycolipids 
(either alone or in combination with GMl) were 
tested to see if they could decrease the RES 
uptake of liposon1es after IV injection. Only 
GMl was effective in significantly increasing 
the blood/RES ratio15 and liposomes with a 
diameter ranging from 90 nm to 200 n1n were 
retained longer in the blood of normal mice 16

. 

Unfortunately, the effect of GM! on the RES· 
trapping of liposomes was observed only in 
mice. In fact, GMl-modified liposomes didn't 
show any long-circulating activity in rats 17or 
rabbits18

. 

In 1989, liposomes modified with a 
glucuronic acid derivative, palrn.ityl-D­
glucuronide (PGlcUA), were shown to cause 
long circulation liines in the bloodstreams of 
both rats and rnice19

. Glucuronic acid was 
chosen as a liposon1e modifier instead of sialic 
acid because this was less expensive. Moreover, 
both sugars contain a carboxyl group and are 
biocompatible. The recognition and uptake of 
liposomes by 1nacrophages were also reduced 
by modifying liposomes with PGlcUA'°- In the 
1990s another approach for preparing long· 
circulating liposomes was successfully 
e1nployed by several groups. Liposomes were 
endowed with high hydrophilicity. This 
approach doesn't require knowledge of the 
recognition mechanisms of self and non-self, 
but only the availability of highly hydrophilic 
molecules and a nlethod for n1odifying 
liposomes with them. Furthe1more, these 
liposomes were expected to be useful in humans 
because they lack species specificity. For this 
purpose, polyethylene glycol (PEG) was 
originally used, and liposomes 1nodified with 
PEG showed long-circulating characteristics21

· 
23

. A hydrophilic surface layer ofliposomes 1nay 
reduce opsonization by plasma proteins and 
recognition by the RES. In fact, opsonization of 
liposomes by complements24 and other plasma 
proteins as well as interaction of liposomes with 
macrophages25 were suppressed by PEG 
coating. 

Various PEG derivatives were 
synthesized, and the effect of these derivatives 
on liposomal cii·culation was determined. 
Incorporating 10% PEG (1900)·DSPE into 
liposomes composed of saturated phospholipids 
such as DSPC/Cho or SM/PC/Cho resulted in 
substantially elevated blood levels. 
Incorporating PEG·DSPE also resulted in 
elevated blood levels of liposomes when they 
were composed of unsaturated phospholipids 
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such as PC/Cho23
. In general, the in vivo fate of 

PEG·liposomes is little affected by the fluidity 
and net charge on the liposomal surface. 
However, it is affected by the density of 
sterically active hydrophilic head groups26

. This 
1s differenl from GMl liposomes, since 
GMlliposomes composed of unsaturated 
phospholipids did not show as high a blood/RES 
ratio as liposo1nes composed of GMl and 
saturated phospholipids27

• 

2, Passive targeting of long-circulating 
liposornes to solid tumors 

Passive targeting is a methodology that 
increases the target/non-target ratios of 
delivered drugs by adjusting the physical and 
chemical properties of the can·iers to 
physiological and histological characteristics of 
the target and non-target tissues, organs, and 
cells. Passive targeting can be achieved by 
mini1nizing nonspecific interactions with and 
delivery to non-target organs, tissues, and cells 
as well as 1naximizing delivery lo the target. 

Maeda et al., 1986 presented a new 
concept of targeting drugs to solid tumors using 
a passive-targeting mechanism28

. The concept is 
called the "enhanced permeability and retention 
effect" (EPR effect) 29

. Cancer and inflame· 
matory tissues have various common vascular 
mediators, such as nitric oxide (NO), bradykinin 
(BK), and prostaglandins (PGs); their most 
predonllnant physiological effect is to enhance 
vascular permeability. These effects are now 
referred as "the EPR effect" in solid tumors, but 
this extravazation is observed only for 
macro1nolecular or polymeric substances as well 
as lipid forn1ulation (liposomes, micelles). 
Recovery of lhese macromolecules extra­
vasated into the interstitial tissues of tumors 
inoves very slowly and takes a prolonged 
period, while rn normal tissues these 
macromolecules are cleared more rapidly30

. As 
a result of this increased vascular permeability, 
both polymers and low molecular·weight 
compounds increase their transport from blood 
vessels to tumor tissues. However, low 
molecular-weight compounds are more 
diffusible out of tumor tissue and back into 
blood circulation than macromolecular 
compounds. Therefore, enhanced accumulation 
at tumor tissues is prominent only for 
1nacromolecules. The lymphatic drainage 
system doesn't operate effectively in tumor 
tissues, and macromolecules are retained and 
accun1ulate to a greater extent at tumor sites. 
According to the EPR effect, any synthetic and 
natural macromolecules can selectively 
accumulate at solid tumor sites. However, 
carrier polyn1ers must fulfill two requirements 
to avoid nonspecific capture at nontumor sites: 
First, they must be of appropriate size or 
molecular weight. Can·ier diameters must be 
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smaller than 200 nn1 to allow them to evade 
RES uptake31

. A 1nolecule with a molecular 
weight of about 40,000 or less is subjected to 
glomerular filtration in the kidney and rapidly 
disappears from the circulation32

. Thus 
1nolecular weights above a critical value 
( 40,000) are favorable for evading renal 
filtration. Second, can·ier poly1ners shouldn't 
allow strong interactions with or uptake by 
normal organs. This characteristic is typicalll 
seen for cationic and hydrophobic polymers3 

. 

These requiren1ents are effectively achieved in 
long-circulating liposome ca11ier syste1ns as 
described below. 

3. Pegylated liposomal doxolubicin (PLD) 
Doxorubicin is the best known and most 

widely used member of the anthracycline 
antibiotic group of anticancer agents. It was first 
introduced in the 1970s and has since become 
one of the inost commonly used drugs for 
treating both he1natological and solid tumors. 
The therapy-limiting toxicity for this dmg is 
cardiomyopathy, which may lead to congestive 
heart failure and death. Approximately 2% of 
patients who have received a cumulative 
(lifetime) doxorubicin dose of 450-500 mg/m2 

will experience this condition. An approach to 
ameliorating doxorubicin-related toxicity is to 
use drug carriers that change the 
pharmacological distribution of the drug, 
resulting in reduced drug levels in the heart. 
Examples of these carrier systems include lipid­
based (liposome) formulations that improve 
doxorubicin biodistribution, with two 
formulations approved for clinical use. 
Preclinical (animal) and clinical (human) studies 
showing that liposo1nes can preferentially 
accumulate in tumors have provided a rationale 
for improved activity. Liposomes represent 
ideal drug delivery systems, as the 
microvasculature in tumors is typically 
discontinuous, with pore sizes (100-780 nm) 
large enough for liposomes to move from the 
blood compartment into the extravascular space 
surrounding the tumor cells34

• Liposomes 
ranging from 100-200 nm readily extravasate 
within the tumor growth site to provide locally 
concentrated drug delivery - a primary role of 
liposomal formulations. While other liposomal 
drugs have been prepared and characterized by 
their potential for liposomes to improve the 
antitumor potency of the encapsulated d1ug, the 
studies on liposomal doxorubicin have been 
developed primarily to address issues of acute 
and chronic toxicity resulting from this drug. It 
will be most interesting to observe how the 
approved formulations of liposomal doxorubicin 
are integrated into combination regimes for 
cancer treatment. 

Polyethylene 
liposomes (pegylated 

glycol (PEG )-coated 
or stealth liposomes) are 
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stable, long-circulating d1ug carriers useful for 
delivering doxorubicin to solid tumor sites. 
Unlike conventional liposomes, pegylated 
liposomes are less extensively taken up by RES 
cells and have a reduced tendency to leak dn1g 
while in circulation. The pharmacokinetics of 
PEG liposome-encapsulated doxorubicin are 
characterized by an extren1ely long circulating 
half-life, slow plasma clearance, and a reduced 
volume of distribution when compared with 
conventional liposomal doxorubicin or free 
doxorubicin. Preclinical studies den1on-strated 
one- or two-phase plas1na con-centration-time 
profiles. Most of the drug is cleared wilh an 
elimination half-life of 20-30 hours. The volume 
of distribution is close to the blood volu1ne, and 
the area under the concentration-time curve 
(AUC) is sixty times greater than for free 
doxorubicin. Studies of tissue distribution 
indicated preferential accumulation in various 
implanted tumors and hu1nan tumor xenografts, 
with greater drug concentrations in the tun1or 
than with free drug. Clinical studies of 
pegylated liposomal doxorubicin (PLD; Doxil®) 
in humans have included patients with AIDS­
related Kaposi's sarcoma (ARKS) and with a 
variety of solid tumors, including ovarian, 
breast, and prostate carcinomas. The 
phar1nacokinetic profile in humans at doses 
between 10 and 80 mg/m2 is siinilar to that in 
animals, with one or two distribution phases: an 
initial phase with a half-life of 1-3 hours, and a 
second phase with a half-life of 30-90 hours. 
The AUC after a dose of 50 mg/m2 is 
approximately 300-fold greater than that with 
free drug. Clearance and volume of distribution 
are drastically reduced (at least 250-fold and 60-
fold, respectively). Preliminary observations 
indicate that using the distinct phar-macokinetic 
parameters of PLD in dose scheduling could be 
an attractive option36

. In agreement with the 
preclinical findings, the ability of pegylated 
liposomes to exlravasate through the leaky 
vasculature of tumors, as well as their extended 
circulation time, results in enhanced delivery of 
liposomal drugs and radiotracers to the tumor 
site in cancer patients. There is evidence of 
selective tumor uptake in malignant effusions, 
ARKS skin lesions, and a variety of solid 
tumors. The toxicity profile of PLD is 
characterized by dose-limiting mucosal and 
cutaneous toxicities, mild myelo-suppression, 
decreased cardiotoxicity versus free 
doxorubicin, and minitnal alopecia. The 
mucocutaneous toxicities such as palmar-plantar 
erythrodysesthesia (PPE) and mucositis or 
stomatitis are dose-limiting toxicity (DLT) per 
injection; however, the reduced cardiotoxicity 
allows a larger cumulative dose than that 
acceptable for free doxorubicin. Therefore, the 
rationale for using PLD in solid tu1nors may be 
summarized thus: change in the toxicity profile 
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with less acute adverse effects (such as nausea 
and vo1niting) and reduced incidence of 
alopecia; greater activity in highly angiogenic 
tumors (such as Kaposi's sarcoma); and 
effective treatn1ent of tun1ors moderately 
sensitive to doxorubicin (such as breast and 
ovarian carcinomas), with possible increased 
tun1or response due to enhanced drug 
accumulation. PLD also appeared to be less 
rnyelotoxic than doxorubicin. Typical forms of 
associated toxicity are acute infusion reaction, 
n1ucositis, and PPE, which occur especially at 
high doses or with short dosing intervals37

. PPE 
primarily affects the palms of the hands and the 
soles of the feet. Patients who develop PPB 
expelience erythema and edema that can lead to 
blistering desquamation if the next dose is not 
delayed or reduced. 

The cun-ent hypothesis for developing PPE 
is that the small size (100-nm diameter) and 
long circulation time of PLD (t 112 is 
approximately 48 h in humans) of PLD allow 
liposomes to accumulate in the skin. The basal 
layers of the skin are damaged with prolonged 
exposure to doxorubicin as the li posomes 
slowly release their contents. This hypothesis is 
further supported by the observation that 
Myocet (another liposome formulation of 
doxorubicin) doesn't produce PPE and has 
myelo-suppression as its dose-li1niting toxicity. 
Myocet differs from Doxil in having a larger 
mean dia1neter (160 nm vs 100 n1n), a shorter 
plasma t112 (6.7 vs 45.2 h), and a larger volume 
of distribution (18.8 vs 4 liters) 38

. Thus, PLD 
represents a new class of chemotherapy delivery 
system that inay significantly improve the 
therapeutic index of doxorubicin. 

4. DoxiVCaelyx versus Lipo-Dox 
Actually, the first PLD on the market was 

Caelyx/Doxil (Schering-Plough, Madison, NJ, 
USA) used to treat AIDS-related Kaposi's 
sarcoma, resistant ovarian cancer, and 
metastatic breast cancer. The second was Lipo­
Dox (TTY Biopharm Company, Ltd, Taiwan). 
Caelyx/Doxil consists of single lamellar vesicles 
with an approximate mean size of 100 nm. The 
lipid compositions are hydrogenated soybean 
phosphatidylcholine (HSPC), cholesterol (Cho), 
and PBG-DSPB in a molar ratio of 56:39:539

. On 
the other hand, the lipid composition of Lipo­
Dox is disearoyl phosphatidylcholine (DSPC), 
cholesterol (Cho), and PBG-DSPB in a molar 
ratio of 3.0:2.0:0.340

. The formulation of Lipo­
Dox is similar to Caelyx/Doxil in drug/phos­
pholipids ratio, cholesterol content, percentage 
of PEG, and liposome particle size, except that 
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DSPC was used instead of HSPC (Table 1). The 
pharmacokinetic parameters of both PLD were 
compared and are shown in Table 2"0

· Twenty­
six patients with recurrent or metastatic solid 
tumors were studied with Lipo-Dox. A 
minimum of three patients were enrolled per 
dose level, except that the first nine patients 

2 were all entered at a dose of 30 mg/n1 every 
three weeks. All patients receiving one or more 
courses of PLD were evaluated for toxicity. The 
initial concentration and the AUC were dose­
dependent, but the ~in, Vss, and the clearance 
were dose-independent. Lipo-Dox had a 
smaller volume of distribution (Vss), a longer 
p 112, and a lower clearance rate than Doxil. 
These differences in pharmacokinetic properties 
increased the plasma AUC of Lipo-Dox. At the 
same dose level of 50 mg/m2

, its plasma AUC is 
approxitnately twice that of Doxil 40

. 

Compared with free drug, the change in 
pharmacokinetic properties accounted for the 
reduced side effects such as nausea, emesis, 
alopecia, and myelosuppression. PLD caused no 
(or only mild) nausea, vo1niting, or alopecia. 

In the phase II trial of Doxil in patients 
with metastatic breast cancer (MBC), both 
grades 3 and 4 neutropenia and ston1atitis 
occuned in only 10% of cycles (27% and 32% 
of patients respectively)41

. The incidence of 
grade 3/4 skin toxicity (PPB) at a dose of 60 
mg/m2 every three weeks occurred in 25% 
cycles (54% of patients) and was greatly 
reduced at doses of 45 mg/m2 every four weeks, 
affecting only 5% of 126 treatment cycles (16% 
of patients). However, in the phase I Lipo-Dox 

. 40 
study on a schedule of every three weeks 
grade 3/4 leucopenia began to occur at 30 
mg/m2 and affected 30% of cycles at 45 mg/m2 

and 25% of cycles at 50 mg/m2
. Unfortunately, 

stomatitis became the new dose-li1niting toxicity 
(DLT) of Lipo-Dox. Stomatitis was common at 
doses as low as 30 mg/m2 and increased in 
severity and frequency with incremental dose 
increases. Sto1natitis as the DLT stopped the 
dose escalation for Doxil at 80 mg/m2 

- much 
higher than the 50 mg/m2 with Lipo-Dox42

. 

Therefore, it was concluded that the dose­
limiting toxicity shifted from neutropenia with 
conventional liposome doxorubicin (Myocet) to 
PPB with Doxil and to stomatitis with Lipo-Dox 
as the AUC increased43

. This comparison 
indicated that prolonging plasma stability of 
PLD such as Lipo-Dox may not be efficacious 
considering the increased sto1natitis and the 
reduced achievable dose intensity. 



Thai J Phannacol; Vol 28:No.3,2006. 39 

Table 1 Characteristics of Doxil/Caelyx and Lipo-Dox 

Lipo-Dox Doxil/Caelyx 

Drug Doxorubicin HCI Doxorubicin HCI 

Lipid composition DSPC: Cho: DSPE-PEG2000 HSPC: Cho: DSPE-PEG2000 

(Lipid ratio) (3:2:0.3) (56:39:5) 

Liposome size -100 nm -100 nm 

Liposome type Small unilamellar vesicles (SUV) Small unilamellar vesicles (SUV) 

Half-life 69 hours 46 hours 

Table 2 Comparison of pharmacokinetic parameters (40) 

Lipo-Dox Doxil/Caelyx 

Parameters (mg/m2
) (mg/m2

) 

30 40 50 25 50 
Co (m~/L) 17 23.2 26.8 12.6 21.2 

OC112 6.2 6.8 5.4 3.2 1.4 

B112 59.3 70.9 69.3 45.2 45.9 
AUC (mg.h/L) 1124 1786 2115 609 902 
Residence time (h) 82.2 97.9 97.5 62.7 65.0 
Clearance (L/h) 0.03 0.023 0.025 0.08 0.09 
V,, (L) 2.3 2.1 2.6 4.1 5.9 

Co: initial concentration; AUC: area under the concentration curve; Vss: volume of 

the distribution at steady state; ocl/2: alpha half-life; ~ 112 : beta half life. 

Conclusion 
Polyethylene glycol (PEG)-coated 

liposomes are stable, long-circulating drug 
carriers useful for delivering doxorubicin to the 
sites of solid tumors. Moreover, different lipid 
compositions have been formulated and affect 
pharmacokinetics, biodistribution, therapeutic 
activity, and toxicity. Higher plasma AUC may 
not always benefit patients who receive 
liposornal doxorubicin. A clinical trial is 
required to determine the best therapeutic 

act!Vlty and toxicity of PEG-liposomal 
doxorubicin formulations. 
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REVIEWS 

Pharmacology of the Fluoroquinolones: the Update 

Uraiwan Ketsawatsakul Panich and Weerathep Chattanachotikul 

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

Abstract 

At present, fluoroquinolones are extensively and widely used in the treatment of 
several infectious diseases. Over the past few years, they have been developed to have 
greater pharmacological properties including potency and pharmacokinetic. New 
fluoroquinolones yield an expanded antimicrobial activity against gram-positive, gram­
negative, atypical and anaerobic organisms, thereby serving as a broad-spectrum 
therapy for patients with a variety of infections, particularly, those of respiratory tract. 
Moreover, improved pharmacok:inetic properties including good oral bioavailability and 
long half-life provide better patient compliance. However, problems of drug safety and 
potential resistance could occur due to widespread uses of new fluoroquinolones with 
lack of enough caution and understanding. For instance, there are greater incidences of 
their adverse effects (such as cardiac arrhythmia due to prolonged QT interval and 
phototoxicity) in clinical uses. Moreover, an increase in prevalence of antimicrobial 
resistance has also been reported when using fluoroquinolones to treat some infections, 
particularly, sexually transmitted infections. Therefore, it is important to understand the 
pharmacology of new fluoroquinolones developed in order to provide an appropriate 
therapeutic approach with effectiveness and safety to patients. 

Key words: fluoroquinolones, antimicrobial activity, pharmacok:inetic, 
adverse effect 
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y ' ' • 

folll 1 rnAm.Jlv 1ilv-:iu1fl 1"fi1lvirhwm ilm>~l'll'Wl fluoroquinolones 'IJ'Wl'Wl11"'1 '\1ilijllH1'lJUA 

a.I ""' "",% .:: dsJ "" a.I ,,, 

'Vl l'l!Jl!l'"lf l'Vl Vlfl'IJ 11 '.11 lJ'Vl 'It] 'Vl ~ \ll 111 ~ <l "lfl'l !! <i::m !'l"lf\l<l 'W ffl!'l\ll '.1 Fluoroquino !ones 'IJ'W 111l11 "" 
' . 

1'1t]'Vlilfl~1'19J'W l'W fll'.lrll<ilfl gram-positive, gram-negative, atypical t!<l:: anaerobic organisms l 'Wfll'.I 
• • • 

f mn hflAfl1.Jl0nuu~1-:i'] 1flvmm::i11h::il'Vlilmvil.l-:i9l11111 m1folll t '.lflAflt.Jl<J'IJ<J'l>::uu 

I a.1 'J) a.1 if o SI ~ ""' Ii)'))"°',% 
'Vl 1-:i1Au111v1 u !'1111m1vi1'1111 lfl TW !fH'f "lfu<i 11rr11rn > 'Vl 1111v1~fl'lilJ'Vl1-:i 1::uu'Vl1-:itfl uv 111 n 1 flfl'IJ u 

I ,J "°'""'- & O 61 !!)"°' I "'> I Ii) ~ 61 !I) 
trn::fllfl'.l'l"lfl\ll'Wl'W'IJ'W 'Vll l'f'llJfllllJl'l::fllfl\llVfll'.llJ'.1111'.IVl VVl'I !'.lfl\llllJ fll'.I t"lf fluoroquinolones 

'IJ'Wl'W 111"mh:mvi'.i11mv 1flV'IJlflflll:tJnil'fl1::1-:iu<i::m1:tJ1'1111u111m11'1i'v1 mu rill 111'1ilfli1i)Jm 
y l y ' 

\llllJlJl l flV! 1l VI 1::1J i)j111'Vl 1'1¢!111fl11lJ1'<lll flfi mrn:; fll'.I \ilv Vl Vl lJ i1iJ '.llV'l 111 rVi :tJ9J 'W ! flV1tllJlJ1 fll '.I 

1frw-:i1'1::!'l'lrlulflVl'IJ'W 111111" 1'li11 fll'.I 1¢111'1JV'lttl luNfl<il-:i111::~!ilflulfl prolonged QT interval 

• 
fluoroquinolones mh-:ifl~l'l'IJ1H 111m1fol11 t rnAfl1.Jl0rn-:i"lfilfl tflmlll'll::fl~:tJ 1 rnAfl~ll'Vll-:i 

• 
1 Vl ffff :tJ~ u li l'l-:ii! 11 ~-:iiJ m1:tJtl1!l iY 111 m> A fll'l llJ!! <i:: 1'1i11 um1" f111 "'l m-:i ¢1111mri'"lf1'Vl m'IJ 0-:iv1 . ' 
111 fl~ :tJil 1VI0 m11'ilv1111 m > ~u<i folll~ll1v mh-:ii11'1:: il'Vl il mvi irn:: 1' <i <J fln v 
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tJ'YIUl (Introduction) 

~I >I "' "hl >1 Quinolones lulHJl~l'U~fl'lll'l'l'l ~urnnn 

QI rl d d 
nl'rn''llfl'll:::l'l'Yll'llfllJ Nalidixic acid 11Jm11 

'U'Ul'UU'ln 1untjlJ;:f ~.:iHri1Mi"ui'mn 1rn~~14n 
1u'Y11.:i1~ulliYm1:::~1fi~ 1innmmYi1~aunrnc:m u~ 

' ,, 
iifo.:i '\J1na1l1.Yh 1 i1'1fi~nim'l 'l1Hfo.h:::n.:ifl1fou'li'1.:i 

d. QIA .,, ~ d d QI 

mn 1rn:::mpmm'lrumrnnr.n~.:i '\J.:JlJn1'l'Vi\1lJ'U1 

1rn:::i:ln9l fluoroquinolones iu ll1ill1n1aiu 
1 

(911'.il'I 

Yi 1) 'il1nmrn.J~auuu'1.:i~9l'l 1m.:inf1.:i'Un.:i 

quinolones 

- d..l I ~'J) di 

1'VW1~'U'U l'll'U t)'Y11i911'U~fl'll'Vi (antimicrobial 

activity) Ui:l!:lflff'll'ilfl'Ufl'1ff91{ (pharmacokinetics) 

m 'lv1'\1llu 1q'Ylef 9"1u ~n:Jfwvi11i1'v1i u 1Miliiq'Ylef 

mn'l..lfl'JlJ~fl~'Vin~1.:ini1 ~.:immH1 H1unni'mn 

sy~temic infection '1~ ~1VV1'1'UV'I tluoroquinolones 

iu1Mil 'l~un levofloxacin, moxifloxacin un::: 

gatifloxacin ~'ll~flni11tlu "respiratory quinolones" 

1i1n.:i'\J1nmn'l..lfl'J1JL4minrnmn 'M~niw1iu1fi1 
Respiratory quinolones ff11J1Hlrl 1~~ 

.; J' ~I 
Streptococcus pneumoniae 'Yl~VfJ1U'1!:1u'Uff11l19J 

'UV'I pneumococcal diseases 1~vm'Vi1::: community-
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acquired pneumonia (CAP) ~~'U!l'l'l~.:iii~'l1~mHU 
,, 

~'l~'U 1ull'\J~lJ'U2 m'lvT\1lJ'U1'Y11'1 phannacokinetics 
0 9 91 -=:I .d d.Q. J ~ 

'Y111l1V11Jf1H'll19l'Ul'U'U'U, gn~~'111J'Y11'1'l!:'l..l 'l..I .. .. 
<did d 9 I did 

V1l11'l~'U'UU'1!:1Jfil'ln'l :::'\J WfJ1 l'U'll'lnlfJ~'U'U vii 
9 ""'" ' 9 ~ "' 1mJ'UV'l..1'11'Jf 1'Unnrn1n systemic infection 1rn::: 

respiratory infection i~ 1~a~miwfi1~1ti~nnH 
1Via.:i1u urinary tract infection ntl1.:ii'ln9l11Jii 

'll fJ'l1'U11 1m .:inf 1.:J'UV'I fluoroquinolones 

iim11Jffl.Jv1'uli'ti'l..lninn ill~.:iu'l:::n.:iti' un:::'Vi'l..li1m 

iull'lll chwmm::: sparfloxacio irn::: tro\'atloxacio) 

0 9 >I Q 'l '"' . I ~.; ~I "' 14 • 
'Y11 1mn~v1nn 1J'VHlJ 'l:::ff.:ifl 'YltlJ 'IJ V'U91':i1fJ" " !'ll'U 

m'.i1~1~'Un.:iM'1l'il~~>ij'.:i111:::~1n~'il 1n prolonged QT 

interval, tll:J'illnllff'I (phototoxicity), fl111J~~un~~ 
" ' fl'.f:::~ ni li:l!:'UV (l'll'U arthralgia trn ::: lendonitis) Ufl::: 

,, 
fl111J~~un~'lrn..:J metabolic system ~'IU'U~.:Jii 

fl 111Jff1fi'ty L 'U fl T:i~~~ 1lJ'li°V1Jflllfl!:fl 111J ft MlJ'l 

'Un.:ia11un~1Jif1~v~~il1u'\J :::i~i''l..lnni'n1;11ntl1.:iii . .. 
U'l :::iY'Yliim'Viun:::unn~nu 

I .; 
1 Vll'l'H'YI 1 Generations and formulation of fluoroquinolones

5 

First Second Third Fourth 
Nalidixic acid (oral) Norfloxacin (oral) Sparfloxacin • (oral) Trovafloxacin • (oral, IV) 

Pefloxacin (oral, IV) Levofloxacin (oral, IV) Gatifloxacin (oral, IV) 
Enoxacin (oral) Moxifloxacin (oral) 
Ofloxacin (oral , IV) Gemifloxacin (oral, IV) 
Ciprofloxacin (oral, IV) 
Lomefloxacin (oral) 

• 
QI ., t 9 11 .. 1.d ~ 

ff'l lfl 'll:::M fluoroquinolones ~'U 1'111J Ciu'Yl I a) 1rn 

'\ " "' Lfl'i.:la''l'H'YIHllUJ (Chemical structure) 'illnil 1980's iim'lvT\1lJ'U1 norfloxacin ~ln nalidixic 

Nalidixic acid l~'\.J quinolone 'U'\.Jl'IJU'ln 
d ?1 

acid '11..:Jlu'U fluoroquinolone 'U 'Ul'U!l'l fl 1~vii 

"'1 >I .,.J' .l.1 >I 
1J f1Hff'l1..:J'Y11'1lfllJ'Vi'U~1'U'YllJ'l!:nV'l..lmU naph-

' ' 
fluorine atom ~lJtilJ Carbon atom -¥1~1U'1il~'Vi 6 

thayridone nucleus Ui:l!: l~'Uffll~'UU'l..l'l..IL'Unll ( 
• I "' ~ ·~ ' 5 ilJ'Yl lb) Ui:l!:'il~V~ 1'Un'J1J'UV.:J fluoroquinolones 
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iu~ 2 ciiJ~ le) Ol'lVll'JJ'Ul fluoroquinolones iu 
1111.i~uv~Fi"unmiJ~vuuiJMi.19l'l lti'l.:i ff f 1.:i

5 
Y\1111' 

iitiruffJJ'Li9ivi1 .:i111ff''lliviv1~~lJ 1~mi qvif vi'1u ~n-

0 roCOOH 
H3C N N 

R, 

b2Hs 

0 

R, R, 

45 

0 

C• F. COOH 

R f N 

HN~ H 

a) Nalidixic acid b} fluoroquinolone c) Norfloxacin 

(2"d generation) 

lU~ 1 \1'9l'l lflHfffwuv.:i nalidixic acid (a), \lm im.:ii;rf1.:i;f'U_illJ'IJV'I fluoroquinolones (b) un::\lm 

'i " 4 ~I i , .,; 
1fl'l'lff'll'l'Utl 'I norfloxacin 'lf'llu'U quinolone 'IJ'Ul'WUrn 'U~'UVI 2 (c) 

' ~'I/ Cfi7-9 I .q ,. 

()'t1 '.fi VITU~tl'll'W : l'll'U Ol'l19llJ fluorine atom 1\Plf.J 

.Ounu carbon atom ~'111111u.:i~ 6 (C-6) Y\1iM'iiqvif 

t1 A .c1..::1 'l " .I .;. . ~ 
9ll'Ul'lltlU1.Jfl'Yl1'lf.JUO'llJi;11.J \PIU 'l 'l'IJ'Ul'Utl'l'illOIVilJ 

~ ,, " ,, 
()Vliifi'ufi'.:i gyrase enzyme 1rn::v19i.:iu~~'U 2 ~'WLU 

dd Q'l"'i d fl'lt11.Jfl'JlJU1.JtiV11rnumJJmn1.Jl>l'll'Ul'I \Pl 1\PIVlJnl'l 

l~lJ piperazine ring ~ C-7 Y\1iM'iiqvi fvi'1u P. 
' JI 

aeruginosa IVllJ~'U (l'lf'W ciprofloxacin) 

Ol'l l~lJ methyl group 

piperazine """' ., V11l1.J01.J C-7 ring 

.,; 
VI 

phannacokinetics 'IJVWli'Wim .irn.:i'llU\PI (l'li'W 

0 i jlod t d c:l.Q J 
sparfloxacin) Vil 11lJfllflH'll1\Pl'Ul'U'U'U 111;1:; 

JI 

bioavailability ~.Uu i.:iii'l::~1.Jfl11JJl'li'JJ'ti''U iu1~ti\PI 

i.1-lVitl ium'l~O'Yl systemic infect ion 1rn::ffllJl'Hl 

u~11um '1~1un::ti#.:i mh.:i L 'l09lllJVi1.Ji1 

4 
sparfloxacin 

QI d I .cl 
tl'W9l'llf.J (VIVflJ'Utlt:Jfltl phototoxicity) 

.: ,, .!i Q cl 

()'t1'.fiVll'Ufll'IVltl[ll: Ol'll\PllJ methoxy group 'l'1 C-8 

i'U moxifloxacin
10 

1rn:: gatifloxacin
11 Y\1iM'1~JJi)'l'lef 

' JI ,. dd I 

.9l l'U pneumococcal bacteria Vl \Pltl\Pltl beta-lactams 

1rn:: macrolides 

d do., dd 

Fluoroquinolones lJi)Vl1inl'il\Pl111.Jfl'Yll'lf.J 
JI 

111.J'U bactericidal l\Plf.Jfl'Ufl'lnl'lff'llfl'l l ::ii DNA l\Plf.J 
, ' 

tlt!O()Vlii-n subuni t A 'U tl'I DNA-gyrase 

(to oisomcrase TT) I rn:: topoisomerase l V (Topo 

rv) ~.:irnui'lfl1 ~.:i 2 'llUl'liim1JJri1fityvit1m 'l 

0 d4 dd 

\Pll'l 'l'll1\Pl'Utl'IU1.JflVll'l fJ 'i • ,, "'1 !\Plf.J'YllH'UlVI 'Unl'l 

., " ' ff.:i1m1::m11;1::'11t1lJU'lllJ DNA (DNA replication 

1rn:: repair) 11Ul~fflflty'IJV'l DNA gyrase iu 

m::mum'lff'.:i1ti'l1::i1 DNA tiv12
•
13 

mrn1utiJJiM' . 
... .. 'i chromosome 'Utl'lll'Ufl'l'll'l t:Jfl'ltl~ 'Uff111Vi negative 

supercoiling mviu DNA fflf.J~ (double-stranded 

""i" !..::1 d ~ DNA) !Vitl 11 chromosome 'U'WlJ'IJ'Ull'lrnnViti'l'l'il:: 

i !'11" ., ' "' 
1.J'l'l~mt.J 'U!'lli;11;11\PI m rn\Pl1rn::1P1 t1 (catenation 11'ltl 

. ..:::s~.da .. ~I 
decatenatlon) DNA 'Utl'IU1.Jfl'Yll'lf.J'lf'llJJ;101J\ll::1u'U 

'1 OI G.I • 

1'101;12.J 2 1-:J'lftl'UVi'UO'U (two duplex DNA crrcles) 
JI • 

nn 'ln iufm fi'u fi'-im-aff'-i1m1::i1 DNA fi'.:i il.itrl'U-n 

Vl'l11.JUUoH\PI -arh.:i 'l'l O\PlllJVj1.Ji1 fluoroquinolones 

Y\1tJ~fi~v1n'lJ DNA gyrase 111;1:: topoisomerase IV 

'I "?I . !l'lllJ'W topo1somerase-cleaved DNA complexes 
d d .,; d 

(cleavage complex) 91.:J!V'U cleavage complex VllU'U 

fflll11P1ff1firul111M' DNA 1iYv'l i.J '.i1.:i1rn::uvnvvn'il1n 
• u ... 

n'WDNA i.:i'll.iffllJ1HlVQi'Wff111Vi negative super-



46 

Ji 
fll':iV!tl£.ll (Fluoroquinolone resistance) 

'il1flf11'.ifffl1:1Wl1J11 tluoroquinolones .;j)j 

ii11111il-:rnvnq'Vl{~ DNA gyrase 1llu'H"1mi::)jq'V1f 

~1'Ullut1-rill m1m1Jn1J 1¢i'~ ff1WJ1 ~)j.,j 1ll'HU'IVVfl 

q'Ylf~ Topo IV 1llu'H"1m1::)jq'V1f ~1'UU1Jfl-rillV'lfU~ 

imrnmn 1~~ 
' ~ ~ 

ffll'H9J ri1tl'qi-rili1 Mu m1-ri1l v$ivlli v v1 mj1J u 
Ct. d. .d d I 

lfl~'illflfllrn mutation 'V1 DNA gyrase (1JNn9Hlf11'.i 
~ 

$ivv1'llV'lll1Jfl-rillVUm1Jn1J 1'1fu (E.coli) 'H~V Topo 

di I A d .d, I 

IV (1JNnl'IVfllrnVV1'\JV'IU1Jfl'V11'.iV llfll1J1J1fl l'lf'U 
' , IJ 14 .c:f d G.f I ~ Id .e!t. 

S. aureus) · M1Jf11'.il'll'll'U1V1~'U 1'H1J'V1VVfl\}'V11i 

'l~~.:i~ DNA gyrase 1rn:: Topo IV 1~vufi'ilqimm'.i 
~ ' , 

$iv v1m1::1 YiJJ1.:i q'Vli~ 1uu1Jfl-ri1~ v 12
• 1

1 
ff1'Wff1ll'l9J 

.! ' ' ' 
fll'.i~VVlfllJ~ 1~ fll'.il'llnvum.fo.:i-ri cell membrane 

hwml'l1::nmtl~vuu'llM'\JV'I porins un::mrnf1.:i 

4 . . d 
efflux pump 'Hrn mult1clrug resistance pump lJNn 

ii1'tl~mruv1 iu111Jfl-ri1l vU vvn.:i 
15

'
16 

1~qrii9"1u11tl~Yl (Antimicrobial activity) 

iuiJ 1980s )jflWWl'll'Ul ciprofloxacin ~)j 

'll:i::iY'Vlifl1l'l~.:i1um'.i~1'U P. aeruginosa llivm)j 

q ,,d ~ 
fll'.iVll'll'Ul fluoroquinolones 1'H1Jt]'V11iflrn1Jfl'l1J 

"'1d I ll oJd 

ll1Jfl'VllWllmlJ1J1fl (l'lf'U S. pneumoniae) ~1Jf11'.i 

m J.:iilJ'IJ().:j fluoroquinolones l'll 1Jii1,Y1J'IJ().:Jfl1'.i 

Vi'l'l!u1un::l'l11J1.:iq'Vlf ~1u~n~vt9•18·22 ~.:iv1ullin:: 
.. ! SI I 

iu)j1.:iq'V1i-riul'lnlli1.:itiu,Y.:iil (l'l1'.i1.:i-ri 2) 

'iu~ 1: Nalidixic acid •bJ1tlu~iiv1Jiftu 

il'il ~11u1d v.:i 'il1n)jq'V1{tl1u mn:i 1 u fl1'.i~1u14v 
ll 1Jfl-ri1l mm '.i 1J nlJ u vn 'il 1mf u v1n '.i ::'ilw 1 tJ ~rl1u 
. . liJ,,,, .. q "-• .. .. , ... 
m.:i~ 'll v-:inm1v 1~'UVV1Jlfl'il.:J 1'HIJ'.i::ff'V11ifl1l'l "~ 

ium'.ii'mn systemic infection
5

'
6 

' ,J d cf .c:td 
lU'YI 2: 1J1.:J\}'V11ifl'.iV1Jfl'l1Jll1Jfl'V11'.iflllfl 

.1 
rnn1J1J1fl'IJ'U (l~Vl~rn1:: aerobic gram-negative 

bacilli) )jq'V1f ~1u111Jfl-riilvunrnmn Mu1
1.:i 

,- 1 dGJ d. <fo QJ 5 
( 1~vmm:: S. pneumoniae) llflflll.:J1Jt]'V11i'il1fl~ 

ciprofloxacin 1¢i'i'1Jf11'.i VV1Ji'1J111lliw11 u mj1J 

Thai J Pharmacol; Vol 28: No.3,2006. 

' ' """Gt "~ I "'°' .Q ir::1 .c::1 q 'j.I v 
tluoroquinolone 'V11'11IJ'.i::ff'V11ifl1l'l~'Vl"!~ Ll'lfll'.ililllJ 

P 
. 5,8 

. aerugmosa 

• .ct d .cft1.l1 ,, .! 
lU'YI 3: 1J1.:Jt]'V11ifl1WIJ'U 'Ufl1'.i1'11lJ!'llV 

ll 1Jfl-rill Vllflrnn1J-ri~'Ull '.i .:i l'li'U !!1JflTI!l ll~)j 

atypical activity 111Piv.:inq11f ~1n~ ll.J fll'.i~ll.J 

extended spectrum betalactamascs/ESBL-producing 

gram negative bacteria ~l'l1J1'U E. coli irn:: K. 
~ ~ , 

Cllt. J7 d I dd Cllt. 

pneumoniae 'lfl.J~ium .:i 'UVfl'il1fl'UV1~'U'U1J\j'V11i 
• v 

'j} dd Cllt. d I d 

\Pll'Ull1Jfl'Vll'.iVUflrn1J1flll'llJ'\J'U l'lf'U sparfloxacin 1J 

~" d d \IJ 91.ct Id 'J} J} 1 >!'I 
\j'V11il'l11.Jll1Jfl'V1!'.illllfl'.i1J1J1fl I~~ lll'llJ'\Jel'l111J '11 l'U 

il'il~ui.udel.:i'illnli11i1'1n~vim'.i11.iw.:itl'.i ::ff .:i~ 

(phototoxicity un:: QT prolongation ~ltl'Ufl'Ufl'.i1V 

o.:i~11'1) 

oJ 'L~l7 I cf 
1'111.J anaerobic bacteria ~ ff1'U\j'V11ifl'rn1Jfl'l1J 

dc.t q 'J}d GI I .d I lil Q 

U1Jfl'V1l'.illllm1Jn1J lflnlflV.:Jfl1JV1~'U'V13 VV1.:J rn 

11111Jv11J1.:i'Jfu~ 1u iuii'li11i1'1n~vim'.i iiiw.:itl'.i::-

' l'll'U trovanoxacin 

anaerobic bacteria 1¢i'~un::)jtJ5::if'V1~fl1l'l~'lll.Jfl1'.i 

fo1:11 anaerobic infections u~li1111'1n~VilllliV~1J 

un::'.i::1.J1Jtl'.i::ffl'Vl (hepatotoxicity un:: neuro­

toxicity)1'4 Levofloxacin (v1iu~ 3) 11n::v11uiu~ 4 

(moxifloxacin, gatifloxacin mi:: gemitloxacin) 

.. J,, .... ' 
1Jt]'V11il'll'Ull1Jfl'V11'.illllm1J1J1fl (l'lfl.J penicillin-

resistant S. pneumoniae, S. aureus un:: 

enterococcus strains) 
1M~niw11uiu~'U 11' 14 . 

~ ,, 
QI GI d ""'-" i" 'UVfl'il1fl'U'Ull.:J1J\}'V11i9ll'U intracellular pathogens ~ 

~ l~Vml'l1:: Chlamydia pneumoniae, Mycoplasma 
v 

pneumoniae irn:: Legionella pneumophila
18 

'.i11J'l1.:i 

Mycobacterium tuberculosis Fluoroquinolones 

antituberculous agents un::)j~viJ.:iHium'.ii'n1:11 
v ' v 1 a ~ ..::1~ ' st • 

1 '.ifl\9l~l'llV'illfl M. tuberculosis 'V1~V\91D 1 -!me 

I t I li cl 9J i/ I I ~ 
agents l'Vlll.Jl.J vv1.:i hfll'l11J'IJV\91VtJ'IJV.:JVli'U htlJflV 

d 4'JJ ; I • , 8 
lJ\}'V11il'l1'U P. aeruginosa l'llfi11 c1profloxacm 
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• d , 'j/ e:l'j/ 

Gemifloxacin (fJl~'W'Vl 4) 'H(j'Vlti\l'ITW S. 
' ,, 

"'"' . pneumoniae 'V1'1V\l1V penicillins mi:: macrolides 

dd 

U'Ufl 'Vll'H.IUmlrn'IJ 1rn:: atypical respiretory 

. 
Vll'iHfi 2 Antibacterial activities of quinolones5

'
8

'
18

•
22 

Gram- Gram-
Generation negative positive 

First Nalidixic acid ++ -
Ofloxacin +++ ++ 

Second Ciprofloxacin ++++ ++ 
Lome fl oxaci n +++ + 

Third Sparfl oxacin 
Levofloxacin +++ +++ 

Fourth Gatifloxacin +++ 
Moxifloxacin +++ ++++ 
Gemifloxacin ++++ 

+ = mild, ++= moderate, +++ = high, ++++ = very high 

... J 
l.fli:Y'll'Vn'lffli:YVl'i ( harmacodynamics) 

fluoroquinolones 

, GI ..:;t ~ I Q.I 

centrat10n-dependent) un::U\lfl\llJ(j'VltiVQ111U'l1'1\IU1 

\Jfi<U''Uvvn\11ni1\lfl1mrn::iiJrr1lJ1rnllln\JVl'Uu1 

mifoa~1'Wil\lfl1V (postantibiotic effect/PAE '11~6 

pers istent effect) i'1uli'1 ii.J fluoroquinolones ii 

PAE i.J 'i::mru 0.5-5 oii'1 ilJ\I ~'WV~fl'IJ'llU91'\JV\IUl, 
(pathogens), i.l5lJ1mn1u1~V'1 1rn::'i::v::nn 1~ 

i1\lnw
1

l~fou120•23 24-hour AUC/MlC ratio (AUC 

= area under curve 1rn:: MIC = minimum inhibitory 

"' concentration) 'H'm the area under the inhibitory 

curve (AUIC) 1llufi1~-W\Jl'HU1\11nm1lJ5lJ~'IJ1 
(phar-

macokinetics) 

47 

pathogens 1.Jiu C. pneumoniae, M. pneumoniae 

1m:: L. pneumophila ~rfo1M'1n'1 irn~'114v'UV\I 
'i::'IJ'IJ'VlHl~'W'HWhl 19 

Mycoplasma Anaerobes Mycobacteria 
Chlamydia 
Legionella 

- - -
++ 

++ - ++ 
-

+++ - +++ 
+ ++ 

++++ ++ ++++ 
++ ++ 

,t,, d 

Utl::(j'Vlti\lll'IJ~tl'l1Vl'IJ6\I fluoroquinolones (pharma-

codynamics) 1llufi1 (parameter) ~1M'f111lJUJJuih 
' ,, 

d , I <did .. I Q Qi 

lJ ln'Vlit" u fl1'.i'IJ\l'llt1\11J'.i::ff'Vlti11lVl'Utl\I v1un:: 

.,~.-A " ~'IJ91fl1'iW fl1'i'1VU1'1J6\lfl1'.i1'l1 fluoroquinolones 1u 

~tbu l~tl\l\JlfiVl'IJ111'11 AUIC Ui.J'ii:-ifi~'!Jfl'IJ 
~D~fl1'.il.U'Uti\lfl1'.i~tiu1 i'1VYl'IJ11 fi1 AUIC ~~\1\1:: 

,, ' 

1M'~-U~nm.Um'i~au1~124 ii'i1u\11uvi'IJ11 

fluoroquinolones lii1M'i.l'i::ff'Vllli:-1'1~\I (high 

efficacy) 1unu~1'1J gramnegative bacilli 1m:: 

• , ,, .,Qi ., A 
grampos1tive pneumococci 1m:: 'H~'IJ91fl1'.iW fl1'.i916 

Ul~1 m'iii 24-hour AUC/MIC ratios > 100 1rn:: > 
O GI 8 I , > > 

30 911lJtl191'1J Ul~'IJ 'HlJ l'll'IJ moxifloxacin un:: 

gemifloxacin ff1lJ1Hl 1M'fi1~·m~111'Wfl1'.in1.09l 

U'Uflliil~U (!.Ji'IJ S. pneumoniae 11'1:: L. 

pneumophi!a)1
5 
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.. 
Ull'lH'YI 3 Pbarmacokinetic parameters of common fluoroquinolones8

•
26

"
32 

Fluoro- Serum peak AUC24 
quinolones (µg/ml) (µg.h/ml) 

Norfloxacin 0.8 (200 mg) 
1.5 (400 mg) 5.4 (400 mg) 

E noxacin 0.8 (200 mg) 
2 (400 mg) 16 (400 mg) 

Ofloxacin 1.5 (200 mg) 14. 1 (200 mg) 
2.4 (300 mg) 21.2 (300 mg) 
2.9 (400 mg) 31.4 ( 400 mg) 

Ciprofloxacin 1.2 (250 mg) 4.8 (250 mg) 
2.4 (500 mg) 11.6 (500 mg) 
4.3 (750 mg) 20.2 (750 mg) 
5.4 (1 g) 30 (I g) 

Lomefloxacin 1.4 (200 mg) 10.9 (200 mg) 

Levofloxacin 
3.2 (400 mg) 26. l ( 400 mg) 
2.8 (250 mg) 27.2 (250 mg) 

Gatifloxacin 
5.1 (500 mg) 47.9 (500 mg) 
2.4 (200 mg) 16.8 (200 mg) 

Moxifloxacin 
4.2 (400 mg) 35 (400 mg) 
3-4.5 (400 mg) 48 

Gemifloxacin 1.5 (320 mg) 9.3 

... ' llHT'll'ilt1'Mflliflll'l ( harmacokinetics) 
y ' 

1 1m1lJn~u'111u111Tn:i-¥i 3 

"" fl1'l~VICJfll (absorption) 

Vl\jfl~?JciilJ 1U'Vll'll~\JV1l111 ivi'~ llvllJlfl 
j} I QI ~ 

'UVtJUl11fll'll'l fl'U l'lllJ 'l1'U?l'IJV.:JV1 Nortloxacin ()fl?J?I 
" " 

"' 1 ~ ly" d . I " 'lflJ 'U'Vll'IL?l'UV1l11'.i ~'\.JVV'Vlit?J (u '.i::JJ1t11 1vr.m:: 

30-40) 1tJ'UW::~ otloxacin 11'1:: tluoroquinolones 

iu1m.J 1'1i'U levofloxacin 1rn:: gatitloxacin \j fl~?JciilJ 

'l'1'mnn11~mrn:: 90 (norfloxacin < ofloxacin < 

levofloxacin)
26 

fluoroquino-lones ri1u 1m1) 11'1 fluoroquinolones 

iiTtl~fllv1titJ cations L'litJ Ufl1'1'UDJJ u11nihCMt11J 
.::ir. .t::1 d QJ a ~I 

V~lJl'Ul'.llJ ll1'1flll'1::ff·rn::ff Lu'U cation-quinolone 

d ~ d 'ly d 
complex 'lf'lffllJlrn'll?J'IJ11'1fll'.i~?l'lflJ'IJV'ltll ~ 1l'I 

'lllt11'.i i' 1.JU'.i::'Vll'U ml11rn~vt11~iiri1u i:.!fflJ'll v .:i 
, QI I Cl 9/ I QI I 

cations ?l'lfl'111 l1'.iVtl1'.i!1'U'.i::l'J::l1'11lll.:Jfl'UC>l'.IH 

U'vv 4 'b'lJ .
26 

HL. (h) Renal Protein Bio-
excretion binding availability 

(%unchange) (%) (%) 

3.5-5 26-40 15 30-40 

3-6 40-60 40-60 90 

5-7 70-95 25-40 90-98 

3-5 30-40 20-40 70-85 

8 60-80 10 95-98 

5-7 79-87 47-50 99 

7-8 72 20 96-98 

9-1 2 20 45-50 86-92 
6-8 20-40 60-70 70 

fll'lfl 'l::illtltn (distribut ion) 
,, 

v1n~lJU~1.Jn1.J 1u'.i~ 'U (protein binding) 

1u1~v?Jmntl'vvu1P1n~Hnu1 wih:iu '.i::1rnu ~vv'1:: 

I 0-70 norfloxacin, lomefloxacin 1m:: gati­

floxacin ~1.Jn1.J 1u'.i~u'lvi'fivuiU°1'IU'vv 1rn:: gemi­

floxacin ~1.Jn1.J 1 U'.i~'U 'lvi'JJ1nn11t11'1JtJltJ~tJ23·21 

Fluoroquinolones ri1u 1 my t1n11'u norfloxacin 

m::1lw1luri1uvi1'l'l'IJV'li1.:imv'lvi'~ (high volumes 

of distribution) 'Yi1.J11 norfloxacin 11h::~1.JV11u 

l~V~~'l'lllrVlv'l'YiV1llfll'.ii'mn systemic infection 

..... ,, ' ,'!<! w 

1l'llJ'IJV1.J'I '11 L\Jfll'.i'.ifl'lfl urinary tract infection 

(UTI), gastrointestinal tract infection 1rn:: sexually 
,, ,, 

• • I Cl.I' 26 I 6.1 I I 

transmitted diseases l'Vll\J\J ff1'\.ltll~'IU~~\J'IJV'I 

ciprofloxacin 1~ulli'umiinnm::il1t1'1u~ri1uvi1'l"l 

'IJ~N :i 1.:J fll l'.IU'1~lJ fll'.i'iY::fflJ 1 'Ut 'lfi'lilL"?ll~ V?l'IJ 111 vi' 

d 28 d .a :d 
'1lJlfl 'Yi1.Jfll'rn~::1lll'JV1?11tJ!'1V~, \J1'1, ~::1.J1.J 

'Vl1.:i1~'U mv 1 il , '.i~1.J1.J'V1Hl~'WiliYm1 ::1rn::vi VlJ 
,, 

~nl1mn 1rn::~~1.J1.J'V11'11~umm'.i ~'luuv1iu 1l1ll 
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,, ' 

1~vYiuvnmumnm : 'U1J m.:i1~ utlffff11: '1~9 
,, 

uvmnm!u levofloxacin, moxifloxacin ua: 

gatifloxacin 1'11'1~ cornea H'1:aqueous fluid '\JV.:JY11 

1~~ ~.:iii~W11Juv 1'Yl1mvn:~lunr.ii'mn 

conjunctivitis
30 vrh.:i 'hnYi11J fluoroquinolones ff1'U 

, . . ,, 'l ""l ..... 'l . Mtye.lTW!'IJ l cerebrospinal fluid (CSF) ?I l.Jfl'il .:J 1J 

m~l-Nv1nzj1Jifium~fmn meningitis vm~u 
' ... 

ciprof1oxacin mi: ofloxacin 'cY11JlHlNl'Ul'IJl CSF 

fll10l~~m (elimination) 

nmhll?J v11nfl~u Mtf .:i~ 1Yiua:9i1J 

v1ff1ulmyN1u'Y11.:i 'lYi 1ut;il1~1J 1?1vnrn.:iN1u'Y11.:i 

nntJ'lYi (glomerular filtration) lrn:oU1JVVO'Yll.:Jl'iV 

LY! (tubular secretion) 119! fluoroquinolones 1Jl.:J 

'lfU?J'il:~mi.l~tJ'UUi.l a.:i~l'illnV'UUll1~.:i~milJVVn 
,, ' 

1uihrn11: ~.:ii!um~ilfll'IJ'UlfltJl h1~1hvYiii 
"' • I "' 'l ~ .A "' .d ~I 

fl111Je.l?Jun~'IJV.:J ~ua:'11J 1wv11amnv.:im11llu'U 

Site Cipro- Enoxa- Gati-
floxacin cin floxacin 

Urinary Tract x x x 
Lower 
Respiratory x x 
Tract 
Bone and Joint x 
Infectious 
Diarrhea x 
Skin & Skin 
Structure x unlabeled 
Sexually 
Transmitted x x x 
Diseases 
Prostatitis x unlabeled 

Pelvic 
Inflammatory 
Disease 
Acute Sinusitis x x 

Intra- x 
Abdominal 
Infections 
Typhoid Fever x 
Pyelo-nephritis 

49 

'W11'Uu.:ird2 
Ofloxacin, levofloxacin, lomefloxacin 

ua: gatifloxacin 

imy (>70%) ff1'U nalidixic acid, pefloxacin, 

sparfloxacin, moxifloxacin ua: trovafloxacin ~n 

fi11l'?J l?Jvl'irn1Juff1ulmy (>35%)
21

•
22 

Fluoro-

d. I .J: q4 I QI 

quinolones 1Jfllm.:J'lf1Yi (half-life) UYI0\?11.:JO'U 

il~:mw J .5 fi.:i 16 i111J.:i31
•
33 (Yi1~1.:i~ 3) ~.:iJu~.:i 

fmiM'VllJWI 12 'H~V 24 i111J.:i v1iu~'U~ 2 

(l'!i'U norfloxacin, ofloxacin 1rn: ciprofloxacin) ii~1 

fl~.:i~1~nfuw.iw11u~u~ 3 ua: 4 (1'!iu levo-

floxacin, gatifloxacin, moxifloxacin 1rn: 

FDA approved indications3342 

f11.U:mrnmrn1mrna:v1 (Food and 

Drug Administration: FDA) 'Miinr.ifi1'H'U'1"1'v'll.:i 1-N 

1unnfn111'1JV.:JtJ1nzj1J fluoroquinolones u9la:'U'U1'U 
' ' ,, 

H~.:iYiuff?J.:ilu~mwYi 4 ~.:iu 

Levo- Lome- Moxi- Norfloxa- Ofloxa-
floxacin floxacin floxacin cin cin 

x x x x 

x x x x 

x x 

x x 

unlabeled x x 

x 

x 

x 

x 
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Drug interaction of fluoroquinolones 
43 

' "" • 'l "-'f !!I ' 1. tll't'l'Yll!'111JtHYTJ:::lll'UVl1'1 (Urinary alkali-

zers>44 1'liu sodium bicarbonate, v1<U'1JiJffff11:::ntjlJ 

carbonic anhydrase inhibitors v1mci1cl''il:::vh1i1' 

fl111JffllJl'Ht 1u m:rn:::mtJ'llfH ciprotloxacin 1rn::: 

norfloxacin iiviii.:i 'il'UIOV1m1::: crystalluria 1rn:::1i'.lu 

VlE19iv 'li;i (nephrotoxicity)i~ 

2. tll'\Jtlltl'l1tltlVltn.J1un~i.t methylxanthines 1'liu 

theophylline, am inophylline 

hepatic metabolism uii::: clearance 'IJV.:i theophylline 

1dv Hi11Jn1J ciprofloxacin 1rn::: enoxacin 
45

'
46 •th 111' 

:i:::~1J'Uv.:i theophylline 1~1J~uuii:::V111M'1n1>1VlE1'il1n 
vii~ 

' torsades de pointes l'lf'U 

amiodarone, tricyclic antidepressants, asternizole, 

terfenadine, cisapride, disopyramide, erythromycin, 

antipsychotics (phenothiazines), procainamide, 

quinidine, sotalol m:iH' sparfloxacin i11Jn1JV1 

~.:inci11V111i1'1nvim1::: prolongation of the QTc 
. ~ .. ?1 9 ,., .. 
interval l'VllJ 'il.:Jlu'Uffln19J l'lilJnl:i\IV'U sparfloxacin 

vvn'iJ1nTI'v.:i1>1in1>1 uvn'il1ncl'm:i l'* gatifloxacin uii::: 

levofloxacin i11Jn1Jt11ntj:u antiarrhythmic drugs Vi 
, ' . 

vvnq'Vlill1J1J class Ia uii::: class Ill 1Vi:Ufl111Jli1v.:i9iv 

.:. dl ~I .di ' 9 ,., nl:i!nl'I torsades de pointes 1N!u'Uf.ll'Vl lJfl'l:i 1'11 

i 11Jnu47-49 

4. m~iltilllJt.h:::~mn (cation) 1llut:i.:it11h:::mm 

I , )+ 2+ ct.t/ 
l'll'U v1iivim1>1 (antacids: Al , Mg ), Vllffrnff:i l .:J 

m:::~n (Ca
2

\ Vlth~.:il~Vl'I (ferrous sulfate), f.11 

ltl~Vrnurn ium:::l'Vll:::Vllfl:i (sucralfate) n1Jii.:iv1~ 
"' 2+ ?1 ". I ..i ,. I ~ ~ 1J Zn lu'UV..:JfllJ:i:::nv1J l'UV'l'illn cation 'ii::: u 'il1Jn1J 

. • 9 ,, ... 26,47 
fluoroqmnolones 'Vll 1'11'11'1nl:i~VICJ11J'IJV..:iv1 

5. m1:::~uin (anticonvulsants) 

phenytoin 'W1J'.hm :i1'* ciprofloxacin i11Jn1J 

phenytoin Vl11i1'ii1>1:i:::~U'IJV..:J phenytoin l'Ul~Vl'l~VV 
,, ,, 

sJ_lf d GI o i j/ 0 .. 

'1::: 34·80 ~111 V'iJ:::lJVl nl:i'llnCJ11 1'11.JVV'IJ'U 

6. mfo1nhfll'U1'1111'U (Antidiabetic agents) i~mi 

t11luntj1J sulfonylurea (t1>1vmvn:::vd1.:i~.:i 

Thai J Pham1acol;Vol 28:No.3,2006. 

glibenclarnide) uii:::vu'!!ii'U nnH'v1~.:inci11i1:unu 

fluoroquinolones V\1111'101>11111::: hypoglycemia 1rn::: 

hyperglycemia 
' ti Q.I .c:\~~·ct J 

7. tl1111l'Uf111VflUY1J'll'UVl't11i.t1'lltnl1ltl18tlVI on-

steroidal anti-inflammatory drugs: SAIDs) 'WU . ,, 
Q,I .... -=t. 4 c::t ,, .. I v 1>1:i1 n n 'llnlV'llJ'IJ'UU ii::::u n n n :i:::9J'U :i::: 1.J1J11:i :::ffl'Vl 

ri1unin.:i1~1J~ut1'1fuv1luntj1J NSAIDs i1:unu 

enoxacin norfloxacin 
51 ... 

l'UV..:i'illn 

fluoroquinolones 1m::: NSAIDs 1i'.lu competitive 

inhibitors 9iv binding site 'IJV..:i gamma-aminobutyric 

acid (GABA) receptor Vl11i1'm:::~'Un15ff..:ifft1Jt)J1W 
,, 

1h:::ffl'Vlmn<\iu 
. . ' 

8. tlTt1;8&fl1B~~J.JJiijd1uNtTJJttJ8.:J caffeine 1'liuv1 

f nE111 rn 'l:umrn ( Cafergot®), mu vl wu11m:i H 
caffeine i1:unu enoxacin 11'1::: norfloxacin Vl11i1'ii1>1 

hepatic metabolism 11ii:::1~1J half-life 'IJV.:J caffeine
52 

"O .a . 
10. I robenecid l'UV.:J'illn probenec1d '1Vl renal .. .. 
tubular secretion 'IJV..:J fluoroquinolones 'il..:i:U half-life 

.l 
'Ul'U'IJ'U 

fluoroquinolones 

11. Warfarin 
... ,,., 

11JV 'lf warfarin i1:unu 

ciprotloxacin '11~V norfloxacin 
.:',., 

'W1.J'IJV.:Jt]'Vlli<;ll'U 
d 'V ~ J d .d 

mrn'IJ.:1<;11'1J~H1'1Vl'l'illfl warfarin lJlfl'IJ'U 'il.:J1V'11J 

1vmfff11:il01'1 bleeding
53 

v.:iiJ.lm1um1innmn1>1 
,fdd odj/.q I 

m1:::u 'il.:i:um11J'ill1ilu1>1v.:i1>11>11'1l :Ufll pro-thrombin 

time (PT) 1u~ll1v~i~fu waifarin i1:un1J 

fluoroquinolones 

12. Cyclosporine nl:il'* ciprofloxacin 

norfloxacin i1:unu cyclosporine Vll ii1'1~m:::~1.J'IJV..:J 
serum creatinine 11'1::: serum cyclosporine 

concentration54 

13. Bismuth 'W1.Jnl:i'1Vl'M'IJV.:J bioavailability '\JV.:J 

enoxacin 1h:::1J1t11 25% mniim:iH'v1i11Jn'U 

Special considerations of fluoroquinolones 

v .... 'I ci.c::t ... I ..,Q v 
Cross-sensitivity: ~u1tJ'VllJ11:i:::11'111'W fluoro-

quinolones 'IJ'U l 'ULVl'\J'Ul'U'\1-d.:i 1rn:::nmr1~v1~ii 
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im ·HY~l'!flt1'1vflii.:in'Uv11i.mzjlJ quinolones (na-

"'i ., a lidixic acid, cinoxacin) 'il!:lJ Vfllffl!YWl'U'UllHl'IJ'l 

1unzjJJtl1'liunu 

Carcinogenicity/Tumorigen icity: fll':iff m.n L 'IJ 

ii'll11l'lm1 v.:iri1u111~1>.iw'Uf111:J.J1~v.:i~vn111nll11lfv 
ct d qV .o::ri • QJ 

.:ivnMrnlJ: IH'illnfll':i 1'll fluoroquinolooes lillillilVntJ 

11'.lm:v::rnrnnu va1.:i 'h ~lillllUWl'lum:;:;::irll1'i::1.:i 

m:;H'v1nzjJJtl~1i1~VntJ1llm ::v::rnnu1u 1~v.:i'il1n 
d I .ct'J 'j}GJ 

lJ I ':ill.J.:Jl'IJVl'U1T11'!Al'lll1~V'll'l llil'i1J gatifloxacin 

'IJ'W llil ~.:i (100 mg/kg/day) ~lil~VO'WllltJnmtJl'IJ 21'.J 

ihru~mrnf1nlil irn large granular lymphocytic 
~ 

• 4 1 d QJ 0 QJ 

leukemJa ~'l'U'IJVVl'llJ'IJVfflflt\j 

f regnancy
55

: fluoroquinolones VJn'UtJl'IJ~lilVgiu 
.J " i., ' FDA Pregnancy Category C '11.:JU'Vll'll.Jfl'J':i 'l1Vl.Jl.:J 

~ ~ i .. ! " q "'1 .... ':i::lllil':i::1..i 'WMtJJ.:ilil..im:;mrn::m:; 1'll umrul'l 

~i11'.lu1'Vi1iiu o..iu"'11ii.:i iliii.u'vJJ~i'lill'il'IJ u~iir.i~ ., 

~ ' 
nzj11i1iiri1u1fiv1.u'v..in'Unmnll1 arthropathy iu 

Breast-feeding
55

: 

ciprofloxacin, ofloxacin u~: sparfloxacin ~l'Wl'll.:J 

J 1u111ill'llrn i~ u~lir.:i iliii1w.:i1uuilill1ri111i''U 
.a I QJ ,/ ~ d 

fluoroquinolones 'IJ'l.Jl'IJV'l.J Vl'U1lffll11l'llil~V.:Jl'lli'.J'IJ 

i1tJvu~i~i'1.w1nzj11tliimnm~JJ9i'tJ'IJV.:J arthro­

pathy ~~i~fov1~.:imrn~m~v.:im1ii1'tJlJ'IJlil':i 
Pediatrics 

56
: ii..i 'lliiim:;trmnva1..ii'lill'il'IJ LtJfltJ 

arthropathy 
d .. 

'il-llJ 

.u'tililn~.:i~1lJOtJ111>.im:;H fluoroquinolones iu 

~ihm~mrnd'viu~iimQ~1n11 18 1'.J u~m&~ii 
~ 

m1Hiu:;:v:nmii'u 

57 d "I QJ ' ~I Geriatrics : MlllJ11 fluoroquinolones 'IJ'U11lu'IJV1 

~il~vlilii'vri111i''LI~ihv~.:im~u9!11'Y'll'1Um:;:;::irll1-

1'liu tendon 

rupture, tendonitis, CNS (central nervous system) 

disorder (L'li'W hallucination) 

Adverse effects of fluoroquinolones 

51 

I ~" I I 

n~lJ fluoroquinolones llillln fll{J~'iJ'ill'i::1mn, 

a 'l" d _J I jl d d fl~'W ffVll'ilV'W, u11il~nutJtJl'lti.:i, nvuflrn::, il11i1 

fiYrn:: 'Y'l'Ui~il:;:mru 1-5% 119lili~111'.lulli'v..ii'mn 
" ! QJ d ..::t 

ll11Vfll':iMQll1Vl tJtin'illnuuv..ilJ adverse effects l'l'Y'l'U 

i~'lli1fov u~iim111ri1fitJJl'l l'lfl~ii n-t11 i M'1nll1 

vumwo..i:Jfill1i~ 1'liu f111ll~lililn~ 'Uti..i:; ::uui11i'il 

1rn::11~61l1L~Vlil (cardiovascular sytem/CVS disorder) 

1rn::;::u 'Uil':i::ffll'lff1tJnm..i (CNS disorder) 1'liu 

i'n ii tluoroquinolones 'Ul.:J'IJ'IJl'Wt]mlV'IJVVn'illn 

,, a • q ., .. 'l , .. _, ""' 
vrn.:ilil~llill'l.JV.:Jlllnl'll 1MLnlilmnn lJ'Y'l-lu':i:ff..ifll'l 

11'.luvull1:;1v 1'1iu 1'.J 1992 ii mrnvu iemafloxacin 

v A c:1 " 'j "' "'"' 'illnl'1V'191~11il 1'1.JV-l'illnlJ'iltJ.:J l'IJl~1J~l 1Vll:W'll191 

~nn.nn:: hemolytic w·emic syndromeu~:: 1'.J 1999 ii 

a .. "'iJ d fll':iflV'IJ trovafloxacin l'IJV.:J'illnll'iW-ll'IJ~ 1Vl'l 

1ifo'lf11il'illn serious hepatic events 

m 1JJii'11-Wui'n'LI im .:ifff 1.:il'11..i1flii'llv.:iv1 

1iium:;1..i~ 5 

t>lfll'j1iJ.W.:n.h:ir.:i~vit1';i::'Uutt11~uu::ttuvvi1~tivi: 

1~uri m1::m111~'1J i~i11l1~1 (hypotension), i~~'IJ 

(palpitation), 

arrhythmia) 

(cardiac 

'illnm1:: QTc interval prolongation 
~ ' 

1rn: torsades de pointes 11.:inzjlJ fluoroquinolones -;i 

0 i "'~ l'11 Mlnlilfl11:: QTc interval prolongation 1rn:: . ' 
GI t d. O G) SJ 

torsades de pointes l'l.:Jn~lJ fluoroquinolones l'll'll 1'11 

lfllilfl11:: QTc interval prolongation 1rn:: torsades de 

"1 t/ d d r ~I 1 I 

pointes llil 'll'll':itJn111utJ class effect Ull1Vl ll91 
' . 

~::'1Ju1u Mm1111iYv.:i 1unu1n\illJ1nU' vv9!1.:in~u nu 
' . 

if1Hff~WIJV'IVllUV.:J'illnv1ifuiJ.:i HERO (human 

ether-a' -go-go-related gene )-encoded rapid 

component of delayed rectifier potassium 

current/channel (IKr) l'i1M1nlilm'iff::fflJ'IJ6'1 
" 'J) .l .., 0 y 

potassium L'l.Jl'll~nn~llJL'IJVM1Lll l'llLM cardiac 

action potential vgiu:;:v:: depolarization 'Wl'IJ~'IJ 
'il::'Y'l'U fl~tJ\lvJYl1'111i'il (EKG) ii~m1ru::11'.lu 
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IJl'll ifl'l'lii-l'1<J 

( n~t11111uihu1fl'j1trf 11ttif 0'1l0..:i£n~'111tt'1i'i1>1{)1 n1'l1tlW..:itl 'J:::: tl .:ifi1ju..:ia 10' u ij 1 n l'J1JW1iJ 'j :::ii .:iii 

'il1ninn11hl'tlu) 

- C-7: piperazinyl > pyrrolidinyl >> substituent piperzinyl 'J::::11utl'J::::tl1niY1uoin..:i lwia<OuiluA1.:Yu y. 
'ttjtl pyrrolidinyl aminobutyric acid (GABA) 1'!fu i'o 

- C-7: pyrrolidinyl > piperazinyl > substituent pyrrolidinyl > flTJiJuk1n'l:::U1Ufll'~ltl~fJ'l-HY.fllY'l'll6'l 

substituent piperazinyl theophylline l111M1fi001fn'l1tlW1tl<J:::i:r.:ift~t'l 

- X-8: CF> CCI> >CH 1:::uut11:::tT1'fltiTwna1..:i1~ 

- aphthyridone nucleus (X-8 rilu ) 1'llu nalidixic acid, 
Vi1H11nHil~ (phototoxicity) 

enoxacin, trovafloxacin 11!;1::: gemifloxacin 

prolongation of QTc interval 

'~ . "' •"-'' WttH'l.Jfl.:JntH11'W!1'fllUTW'Wl tlJ~ premature ventri-

cular contraction (PVC) U'fl~ torsades de pointes 1u 

~lll'l '1i<Yi1111'~iJ1mlMJ')~ M 

Im <!'If N~fl<a1iiNal'i0m1l!mm1~ hrn11 
' ' ;Ju (affinity) uadiuii; HERO-encoded IK< channel VI 

' nilrnn'.lm11!11 \l;Yi1!i1'a1ul'ia~~mull affinity 

!I~ n~l' nmrn~Yil ! tt~li,;Jnmu m1 lfll'lfil1~'1;n~11 

t'i1;nu tl'lal'lu11111nnrjlluVJu~~~11111il<~ s (-R,) 

l~'U methyl group (grepafloxacin) Yl~fl amino group 

(sparfloxacin) 1t~'lii1!ttii affinity !um11lutrn~iiug; 
I 'JI r'J/ 

HERG-encoded !Kr channel flil'U'U1'llJlfl U\9ltl1 -R5 

~ I ~ 
!Uh! hydrogen group !'lf'U ciprofloxacin, YIJfl amino 

group (sparfloxacin) 11~'1ii1!ttii affinity 1um1;lu 
' "' "' ' <JI Ul:l:i:rl'Ul'J'l HERG-encoded !Kr channel flfl'W'U1'llJlfl 

•<JI ~I I 

U1!t11 -R5 !uh! hydrogen group !'lf'U ciprofloxacin, 

gemifloxacin, gatifloxacin, levofloxacin, 

lomefloxacin, moxifloxacin, norfloxacin, ofloxacin 

11~1ii11M'ii affinity il'ean11 ,r,Ju Na~m~uu!f11" 
U'fl~l1f1 V\Ol!~fl\Ol~'lViUtl'vu58-60 

B~1;11~~ll! lflnl!'lfil1tfll'l QTc interval 

prolongation u-a:-: torsades de pointes efufl~iluihnlu 
tu1 ~n" Muri n111;'\foa1'i1l!nunrjl!tu~Yi1111' 

tnnT11:JVln.l1:::tY'lfl'11>1a':l1lJ 

1fl11n11:;:: QTc interval prolongation U'fl~ torsades de 

pointes, UJ~1~ congenital long QT syndrome, 

u1~1'ilfl11llfll'l1lnilVJ1<1~uu!f11" 1'liu hyper-

h·ophic cardiomyopathy, myocardial infarct-tion, ii 

f111:UP4\0liJfl~'Yl1.:J 1il'lf'W1fl1J (anorexia nervosa, 

starvation, alcoholism), cerebrovascular disorders 

(hemorrhage, infection or tumour), metabolic 

disorder (!"lfu DM, electrolyte imbalance (J~~u K+, 

Mg+, Ca,. ~1n11unil), hypoglycemia, hypo­

thyroidism) trn~ obesity 'WBn11inJuii,VJum1rn~a' 

( fhototoxicity): 

fluoroquinolones l'.)fl'UlJ1'U 11Juiliji11EJ1'il1fll'J1!fll'lef'U 

' ~.:ii:!: sparfloxacin > enoxacin > ciprofloxacin > 

norfloxacin, ofloxacin, levofloxacin, gatifloxacin, 

moxifloxacin 

l.t. I .::I ~I " I 61 "1 <JI ' Blftl'J !:IJVJ~u1~lHl'lvrn metabolic system : imm 

hypoglycemia !ta~ hyperglycemia na 1nm1tiil'l 
' 

hypoglycemia tfll'l'il1flfl1Jif1JiJ'l ATP-sensitive K+-

channels ~ P---cell 'UV'l9i11flvu ff'lN'fl1'lflin1J 

m~~umrni'\'; insulin ~ll!!Jl ihuna 1nm1tfi!'l 

hyperglycemia if,1iim1uuuil'l 
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, '"' -· J ' ,, 62 '1,, ' tllfll'j ll'W-311'j::J;Y .:lflliltl'j::U'l.JO'j::~fllH'l::'IJtl : 1~110 

artbralgia,joint swelling, rupture of tendon (ilntfi~Yi 

" ii • " \!l ' ,, .. 'Utll'Vll (Archilles tendon), 'Utl lHl m1::'Utl1Jtl), 

tendinitis, permanent erosion of cartilage vm11 

n 1'j H fluoroquinotones i1lJn11 corticosteroids vii 
'l Ml fl~fl'JllJ!~fN'Utl ·:U~'W!O'W vntfflJUi,'l::Ol'j'IJ l~'Utl~ 

" d J HYWtl'WlJlO'\J 'U 

. ~ 

'il1nm'jfiu~'Vlvij'V11.:i1~an1J1n~uium'ji-*u1 
sJ d 't I 

9111.J~i,'l'll~'\J'Ul'U L'IUJ<'j 
da cv q '1.c1 
'V11Jfl1'j~Y)l'U11'111J 

antimicrobial activity ~~'U 1~m·1rn 1::ij1.:i~rnef ~ 
d .: d 

mti11fltJ1l~i,'l'll~lJln'll'U Fluoroquinolones 11Ju fl1 
'JI .c:l .o:::l t .d d.::::1 QI CV~ 

9111.J ~"'ll~ti n ntJ1l'11'U .:J'VllJ nn ~Wt'UlfJW ff1J1J91 'Vll'I 
~ 

1nn'lli'VluTn1'lM'ijiJ'j::ff'Vlim~\1.:i;iu'lum'jf m11 

n~11if mh.:iu~i'l1{11fl ~fll'J1'jW'iJ1'i ru 1~rl1fif)J iu fl1'i 
~ 

1~vn H'v1n~11U'lu~ll1u fiti f1111JD{lti~nuu1;l::m'i 
QI ,./v .ct .d Q J 

'j::1.:i q'V11i'lll.:i Lflfl'l'Vlm~'ll'U'il1nu1 1~umvn::m'j . ~ 

ID~fl'l.JUDi;l'I lf1Hfff1'1'Ufl'I fluoroquinolones i!uij 

m111n1J~u'linumm'i 'hi~.:iil'j::ff .:ifi 1rn::tiwn1 iM' 

1fi~ti1m'i~~u1irnrn::1iluvu91'jwii.:i'lf11'1 ~.:i~mu 
'iW·nua.:imn::foHi'1rn::1:1tiuu1u1.:i 'llmu (1'lfu 

sparfloxacin 1rn:: trovafloxacin) flflO'illfft\'ti.:i\91{11~ 

u vn 'il 1n1Jf)J m~ 1u fl 111JDi;l ti ~.nun 1'iii1 fluoro-

quinolones 
d .. 
'il'lf11'j1Jfl1'j 

clinical strategies 'llfl.:innH 

fluoroquinolones 1'lfu fl1'jiMU'U1'1'11'1ll~tl clinical 

.J '1' ' .?1 guidelines 'V11'111J1::ff1J 1J'l1'il ::Lu'U'IJ'U1~ (dose), 

'i::u::nm(duration) 1rn::m'i Hu1mu~fiuu1'\J'Ul'U 
I t J} ,, 

V'U (combination) 1VJtiilv.:inu1J{\j'l11fl1'i~flfl1 ~.:ii1u 
I I I ,, 

"'JI ~ .,. .,. ~ da"" ~,, 
1~fl11 v.:i nu1rn::l11;l mcrn.:i11fJ!'111YllO~'\Ju'il1n fl1'i L '1m1 

~ 

n~11u ~.:iijm11J~11ilu i u m'i9J~91111m11l{i mJ<i 

'V11'llflff'lfi'Vlfl1 'Utl'I fluoroquinolones \?li;ltl~'il'U fll'i i-* 

u1'1'11.:i fl ~i! nv ri1~ 'j:: :i:r~ 'i ::1.:i 
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Drug Evaluation 

ZIPRASIDONE: 
AN ATYPICAL ANTIPSYCHOTIC DRUG 

Chaichan Sangdee 

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

Abstract 

Ziprasidone is the fifth atypical antipsychotic drug approved by the US FDA in 
200 I. It has a unique pharmacological profile of atypical antipsychotic drugs by 
blocking 5-HT ZA and 5-HT 2, in addition to blocking of D2 receptors thereby exerting 
antipsychotic effects equivalent to conventional and other atypical antipsychotic chugs 
with minimal EPS. Ziprasidone shares its efficacy with other atypical antipsychotic 
drugs on the superiority to conventional antipsychotic drugs on improving negative 
symptoms common in schizophrenic patients. It also stimulates 5-HT1A and blocking 
reuptake of 5-HT and NE into the corresponding nerve terminals and these actions 
contributing to its anti-anxiety and antidepressant effects unique to ziprasidone. 
Ziprasidone has minimal blocking effects at muscarinic, a 1, and H1 receptors and hence 
exhibiting minimal anticholinergic effects and memory distnrbances, postural 
hypotension and sedative effects. In addition, ziprasidone has superior profiles on 
tolerability over other atypical antipsychotic drugs since it has neutral effect on weight 
and serum lipid, glucose, insnlin and prolactin levels. Adverse effects of ziprasidone are 
usually mild and are well tolerated. All these favorable pharmacological, clinical and 
tolerability profiles make ziprasidone well accepted by the patients and the use of 
ziprasidone in the treatment of schizophrenia and schizoaffective disorder is 
accompanied by low discontinuation and relapsing rates and therefore is more cost­
effective. 

Key words: Ziprasidone, atypical antipsychotic 
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ZIPRASIDONE: AN ATYPICAL ANTIPSYCHOTIC DRUG 

w d 

rn. \01'.i. 'IW'llll)j U!i.:J\01 

mflJ'lflWff'lfJ'VWl flill'7IJW11errwr1:f mn'invirl'm:JJev lm.i 

Ziprasidone l~'J.W1Jfllfl hfl~l'lfltjlJ atypical 1'11~ 5 ~l~JlJfl1Hl1jJJill~l'l'Jll:;tilv'Whl'~1t1i11s . ' 
'1 ~1l'lv1nr1m:;v1m'.l trn:; vm ti.:itb :;rnr1l1'11J'illltlJ':im1 'WlJ 200 l v1illimu !il.JvillVlt ~\.!rnni:l fl£Jru 

~ ' 
• 

"ll1MV1fom 1w1~l'lfltjlJ atypical ll'lV!ifil'ln\.! 5-HT
2

A !Ll'l:; 5-HT2c it'lfl'lll'!ll{\.!llfll11U!J~1flfl1'.ll1'fil'l 
• • 

il'W D, it'lll'ltl'l!l{ '1'.:iw\.!~·:rVi11tt ziprasidone llrrnt\.!fll'.!Jmn hfl~l'l'l1l'ltVJVlJilut11'll~fl11v1fo£11 
' Q ' d 1 01·Q v 1'.lfl~l'lflijlJ conventional mi:; atypical ll\.!'l \OlV'Vll Mlfl\Ollllfll'.l extrapyramidal \.!llVl.Jlfl 

Ziprasidone ml.la\.! ilu v1fo£11 h fl~l'lfltjlJ atypical g\.! 1u i);:;t~\.! ~ll1h:;i1''VlllNlU11 Ull niw1fom 

1rn~l'lfltjlJ conventional t\.!fl1'.!J:;'.i'u negative symptoms ~i'ifll'11Jt\.!~1J1shfl~l'llf1'Vl 
.,,.. ;v a .,, .,,.. :} ., .,,.. ;v ' 

(schizophrenia) Ziprasidone V.:Jfl'.l:;\Oj\.! 5-HT
1
A '.il'lll'!Wl!J'.ltll'l:;BlJV.:Jfll'.l\.!1 5-HT Ul'l:; NE fll'llJl"Ul'); 

r ' ' ,.i .I ,.i ' 

Ul'l lV u '.!:; !il 'VlVJ l1 i:l.:i !il '.!ff ll u '.!:; !il 'Vl l miiil ~ 1 v ll l'l:; (j 'Vl ii m ci lU ii .:J NCI VI l ~ \.! lll fl i.1' fl £1 rn1 \01 \01 l l'i \.! "ll !J .:J 

• • 
1 .,,.. ""' .,,.. <:2 ;v a .,,.. "' a 

ziprasidone \.!fllJ'.l:;.:JlJ!Jlfl1'.i11'1flfl.:J1l'llll1:;91mft':Jl Vl\.!l1'fl\Olfl\.! muscarinic, al' and HI 'il'li'lj 

wrnfi'fo VlJlfl ~.:i '1:i.iVi11tttfll'l Nl'lil1.:it~ v.:il'iv1:; uuu:;:; !il'Vl cholinergic fll'i Vi111" ll1llJ~ll i\lalJ fll'i 

Vil lMll1llJl>l'm1\'vl'll'll'll1.:J~lflfll'i tU~V\.! 1J':i BllJ'Vl (postural hypotention) trn:;~ 1.:J\.! !J'Wl11illl'W i\'u Bl 
. . ' 

Jflm hfl~l'IV\.!'l \.!llmlflU ziprasidone iJ.:ill!:JT.U!ilJUiJ!Vlmilvfliw1fo£11 hfl~l'lfltjlJ atypical t\.! 
' . ' 

~1 \.!VJ '1:i.iVi l t ttil lMW fli'11t'i'!lJ trn:; '1:i.iVi l t tt1:; '1' u "U ll.:i '1 "ll i'i'W flll 1 fl !i ~v{fo'W 1J \.! 'lllJ\.!trn:; 1 l'I rn l1 . ' 

• 
< 1 V V_<, d WQ < 1 V W "1 0 1 V 

sehizoaffeetive !i .:J Nil l1Nu1VlJlllJ l'lfll'.l Tl! fll'i l1 V\01 'llVltlll:; fl1 rnl11JlJll1J\.! 'lll"llll .:J '.!fl\.! llVlJl fl . ' ' 

ftliilrl'l!: Ziprasidone, alantipsychotic 
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mnh 

01fmn hfi~~mmrnmj"[,\'11'/u 2 ntj1Jh1aj 
~ ' 
flfl conventional U~~ atypical ('JlflfJ:IJ conventional 

"' d1h ,, ~ ,.4.1 ' tu'WOl'Vl '!in'W!Jl'Wl'WUWJU~~!JN~ !!J'l'MUJ~!Hfi 

1J1n!J10 1~ vrn 111~Na 'liiw'tJ' ~'""if m' ,\' rn 

extrapyramidal side effects (EPS) t 9i'W 

parkinsonism, acute dystonia, akathisia UC1~~ff1ftqi 

fifl tardive dyskinesia ~\lri'IN~fl'J~'YIUVi11tt'riwn1~ 

'll1~'ttfl' ~lJ 1va ~M mh' mnu a ~t 1'/u mmq ~Vi 1111' 

nu fo 1J 1i1' lJ ma 11iJM•1n~1J 1 v tJfl t irn nu f n 1J 1 

#i'1[JtJli'1flri11 u~i1iJu1u1,,:i\9111un~lJ conventional 

t.Yu thioridazine ~Yl11M'tfli91 BPS fiflu.U1\l~l u~u1lf 
m1mn'ii1111'~1J1milo'll1~fla1~m~'ilmfo (sudden 

death) 

arrhythmias) 1uitJuuU'ttfl' torsade de pointes 

(M~fl polymorphic ventricular arrhythmias) ~\llfi\91 
' . 
~ . 1,, 4 

'illf1fl1J'Vltll'Vll 11 corrected QT interval U11'UU 

(prolongation of QTc interval) Tl'lofilrnl'l 
• 

potassium conductance 'tt fl rn ii' rn t <la 11' 1 h 

,,.. .,; I 1 OJ OJ I "'! "' V'WV'WflV1'1t'W9ifi '1lfit11'lNa~'na11 .,lJfi1llJ 

\j VlOllJ~j) ~11t'll'W1011 \j ii1 ttiiNa 'liiw' 1.h ~ff' if 
il'vva' T~mllrn~1umrn~ EPS 0Ji,1m~o~'1vmil 

m1!1mmv1~'ii1111'1fi~ EPS il'flvni1v1fom Tm 

~~ntjlJ conventional lJlfi u'1ifotJ:J~ff'VlTINa1um:J 

1fl111 schizophrenia 

conventional H'g:: 1 'W 'J !:U::lf n\I nfi'u)j Jll'J'l TW ilCJl fl 

tj lJ atypical 

conventional i lJ fi lJ '.le :f U fl lfi lJ U H fl V H 'tt B 4 

schizophrenia T~vrnm~i llfil:JJ~!u negative . ' ' 
symptoms Na 1i 114 ff V4U' ~n nil tfi ~ '11nnwli01 

n ~ lJ atypical ' ' llq'Vl~iunnfffi~t'iu 5· 

hydroxytriptamine-2 (5·HT
2

) receptor Mfifl'W'i'f141i 

u\9l~fll!fl!iii1'1fttlu1ntju atypical fH.1'11ilf:f~tft'u11lv 
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conventional 1\OJti!llV'l1:; 1tJl9i'1 'W metabolic side 

effects t'lill Naium>titm~i'lun~ Tnmrn~t'lnl"W1u 

t~fln u~~Naiunmitmf1m!n"11 OJi,rhNam~'VllJ 
,;flq,n111ua:~run1n'il~l'l'ttB4«~1v11l~lJ~ 

u~n'1N'1lna1nzj1J conventional trn~•~Mnrin T~o 

a~tilv~wflhl 

' ',, ' t'l1fliJll conventional 1\0lUfl chlorproma-zine, 

thioridazine, mesoridazine, fluphenazine, 

pcrphenazine, trifluoperazine, chlorprothixene, 

thiothixene, haloperidol, pi1nozide, Ioxapine, 

<:l 'j} ' d' ,,,/"' "" 
molindone tll'W~lJ Vlfi~lJllBBnq'Vllirnm Trn'11'1 

1~vmrnt'i~~'W dopaminc·2 (D
2
) receptor 1'Wffl!fl4 

ri1u limbic forebrain 'ii11i1'mm:Jm::fufllfil:J Tm 
• "" 'j} Ii]!/)-=< "' 

ll~\01TW positive symptoms !lfl\01 'Wtlfllllfl'WlJ Ul 

!ttcl1rl'V'li1n'Vlf1ufll'Jff'fllfl~lJ histamine- I (H) ., '' . ' 
alpha- I, rnuscarinic receptors J1tJ1'l'lt1lUl'l\Ol1iJ q'Vlii 

1 "'.:; .o1!>1.Jd 
'Wfll'.ifffl\Olfl'W potassium channel tlflflltJ CJf'lt)Vl1i 

111 ri1d ri" Na itttfi~Na 'liiw,tJ> ~ff ,if ~11mn11mo 
1uil 

U:J~l'Vlrr!lttf~m!J'lm (US FDA) H1Bjjli~1i1' 

clozapine 1.-Nfn111 schizophrenia ~l~ ~'ltilunllt~ll 

ii'm19i'Ufl,Vl atypical second-generation 
• 

antipsychotics ttt1'-1'illfltl'U Un1ll1¥WJU1tnntj11 

atypical ua~ [,\'fom:Jfljjliillt~fl Hi 'Wfil>fom 

schizophrenia till risperidone(l 993), 

olanzapine (1996), quetiapine (1997), ziprasidone 

(2001), ua~ aripiprazole (2002) 

f! !M !llJtm'Vl Hlil ll'll l 'Vl!Jl 

v1ntj11~~roJU 1~u 1111l~1in1l vnflu11 

atypical antipsychotic drugs Un'EliflfllltYtlflf}Vlf~ 
.!1,[tJ~1nv1ntjlJ conventional T~vv1nzjlJ;:JiJq'Vlf 

"' ::: ~ .,,: d 
ffn~nll D2 (onn'W aripiprazole l'Jtllu partial 

agonist ~ D2 receptors) U'El~ 5-HT2 receptors l'111M 
• • 

Vlntj11iJfl'lllllfl'J~,r1Jfi''1 positive U'El~ negative 

' ' . 
symptoms 'ltll llflfi'1lfiUll m>Yiv1nzjJJilllut'iu D2 
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receptors 

' ' 
J:;;:a:;;:11aTVl'ff'W ni1u1ntjlJ conventional trt:10f1'1lJ1Jfl 

!'fnmf.u 5-HT, receptor 1'1't~wliili:i1u1um'.ivl1 
EPS 

conventional H~tl1fltjlJ atypical tf.:ifl-lfJ'ill fl'lJiJ~ 
' 'Mfl1t!V~l-1'llV.:ifltjlJ conventional t'lf'W fl1Jfl'fi'flfl'W 

di d' 
HI' alpha-1 ua:;;: 1nuscarinic receptors c:if-l(l'Yl'li\Pltl 

' receptors mci 1UIJ1fiUflV!ll)lfi'111rl1J 1Ul)ll!J'lf1'.J~ 
' 0 ' • ' ' QQ 'lJ0-1 atypical antipsychotics vn rtttl1 !'Wfl'tllJ'WlJ 

"'"" aJ "" <j) cl aJ f!!l!l'ilJlJ\'l'Vl1Wll'i'li1'1'W1 Na'lmtftV1 ua~mnmn 

,. ~ • 'I' ,. .,. 
1lJ!'l1lJfltJfitJtta~ 1Jl'i11J1'.i~ i'li'Vl\'ltt'VltJfitJ t\'l'l'Jfi 

c1 • <!! q <j)q <j) "-' 'j./_tl ' 
mw tt\'lfil'.itaflfi i'li 1m11m~l'i1JfilJ~lJ1Vtt\'la:11v 

\'l 1rn111~11~fl1 rn~~i11v11'1u fl ~nfltJtt!l'1 

' atypical antipsychotics 1Ufl1Jfl'fi'flfi'W receptors 

'liU\'llliw1 ~1ii1Naif1'1'1uu1~il'Vl~Nanni'mrn1a~ 
Na'11111~v1~B<v1 q'Vlthm1rnnl'l~tJ 0 2 irn~ 5-

HT2A receptors 'll0'fflJ~'Wlifiuql'lf1un1JfflEJ1 
psychosis/schizophrenia Ht'l0 ff 'fl ciJU'Utl-1 fl1J fl'fl'fl 

~U 5-HT
2
A/D

2 
receptors (~1~~1ll0Yi11M'tfi'fl EPS 

~i'1'1v) ~11JtllJfi111Jl!"l1Jn1'.il'itl\'l~1J muscarinic 

recptors ~~ <i~ilau u1ft11milu 1 u1'1'1 um> tn\'l 

EPS i!1ii'u t'i'1t~V1ft11lJl!1'l1Jfi1'.ivl1hl'tn\'l EPS 

clozapine 

quetiapine = aripiprazole (D2 partial agonist) < 
'j./1 d 

ziprasidone ::;_ olanzapine < risperidone UlJ11qi'l'li 

°l.'Wfl1J'ffil'f1~U muscarinic receptors '00ci-1Na~i.u 

tfi'fl p,ia-ifl~\fiu-l~t~'W!'fl niln1:1ru' '\liJ-1 anticholinergic 

drugs ftfl m1'1'11"ltttfl\'lfl1fi1'.iU1fi!ltt1 riu1~fi 

Ul'il'i11~~1mn m11111lluaa 1ilumwvrii!i1 filn 

fflJl'itJ 1rn~v11"li1'1n\'lB1nnft11lJ~11~fllJ ~' 
i;..ia.\11'11fifl.:Jl'W$11u anticholinergic side effects ll0 

rnn1tJl>iflfj!l!!l11'l\l'iw1rn1~il1vu u11mn ttl>i Na-
<j) cl I ;f "> 'j} OJ 

'U1'1!fl tl-lttta 1'W!fl'fl'W 5U:U1flflUtl1 ziprasidone, 

59 

risperidone ua:;;: aripiprazole q'Yl~1un1Jfl'fl'fl~'W 
cl OJ .J' ' .J'd! <j) <=!. q a, ua~ H

1 
receptors tlJ1J\'l'liUm'li~1Na~rn~V' ttJ 

oq'j./"> I di 
fllJ'Yl1 ri'Hfl\OI postural hypotension U~t~::\IJ'l'WV'W GJ$.:J 

fl 1u11'1uil!\lmtl1'1' \)j l tJ ~il1v'\( 1m~1 u m1vl1 "l tt 
?1 ' <j) "' dq 
tlJtJam1mrn~11nalJmi~n11n tia~q'Vlli 1um1 

aJ .;; <=!. , "' "' "'"' d l'ifi\'lfitJ a, !la~ H
1 

receptors 1Jl'i11Jl'ilJ1'l1JlifilJq'Vrn 

"lum1vl1 !i1'tl11111nil11~1J~ii'" t~m~"\'lJ 1~!itJ 
ua~fi\J lfil'iltJti'lvlil 1'1' t'i'11'lv1mJJm11Jl'i11J1>~ 1u 

m'.it~1Jtl1ml'ni11t~m~"11J 1 ~ll'wrn~n\) l\ill'ittJ 

ti'1fl\'l~1m'fo v 1 ummn ~~! ilu ziprasidone 

aripiprazole << quetiapine = risperidone << 

clozapine = olanzapine 

' 'W5fl'il1fli'l ziprasidone cl,:il.Jfltubl'lltl'~Vl1'1!flff"lf 

1Y1u1~~1'1'il1na1f nEJ111ri~191tufiv ljq'Ylef ftrl\Ol~U 
le\ d <j) 

5-HT
2
c, 5-HT

10 
receptors l!\91'.!Jf}'Vl'liflJ019l'W 5-HT1A 

, ' . 
receptors ua:;;:ljqi'l~ifuff-1 reuptake 'UtJ.:Jiii'-1 5-HT 

c\'j} dq "' 
!la~ norepinephrine (NE) flfi\'l1V q'Vlli 11Jfi1'.il'ifi\'l 

o<j) c1dq aJ 

HT,A 'Vl1l11 ziprasidone JJq'Vlli t1Jfil'.i'.i~11JV1fi1'.i 
"" "' ,/<j) d 0 <j) <j)d . 
1\il nm1aa\'lmrnw '.il~'VlflVlfi'Vll'.ilV~fltJ (hostility) 

' ' "' o q '>' <j)!I c1d! (2) 
J1lJ'Vl-1'Yl1 rtt cognition 'UV-1fju1U\91'U'W 

.;; d cl ,,, .. .,, .;; 

Uflfl'il1flhl'W fl1J'Vl ziprasidone llf}i'l1itl1JrJ-1 reuptake 

~fl1if1 5-HT ua~ NE vl1"lnmtlllq'Vl;;'!um'.i'.i~~lJ 
tricyclic 

antidepressants tiu imipramine lta:;;: amitriptyline Cil 

f1Wrt'lJ1J~111cl1d'Yi11111 ziprasidone i'.iqV1ef1un1J 

'inEJ1 positive ua:;;: negative symptoms ua:;;:J::.J'u 

tl1fl1JCiflllf1~1 111nfi-11tl Utl0cognitive 'UB-1~1J1tl 

schizophrenia 1'1'11mn11mvua~!l\'lfi~11mnv1 
• 1 ~ d 
'.ifilfl '.ifi~\ilfltJ~ 
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l'Jl';lH~ 1. 1mauiiivlJfi11lJl!'i< (Ki ml1v nM) 'liV<qvtt'lifl< atypical anlipsychotics 

1un11fl'fll'l~'W receptors ~l'l'l 

m D, 5-HT2A 5-HT2A/D2 Musc11rinic a1 HI 

Ziprasidone 4.79 0.42 

Clozapine 180 1.60 

Risperidone 3.30 0.16 

Olanzapine 11 4 

Quetiapine 160 294 

Aripiprazole 3.40 3.40 

tl';l~l'in!lfmhm1,"im11 Schizophrenia 
"'"" .t "" ~I 

'QU\O!flTJW'lffl~ schizophrenia ~fl\9l1J'J~lJTill 

!% 'lifl<tl'i~'lilm fon 1~v'hH'in11JJu~n\li1;'lJa1 

u@<a1nm1~fim.J'1i1<uav (16-3011) ul'iaim>'lia; 

1 rniJ'n•~if af <~~a~'ii'l~ uil''.i1~1iilimnu'lia11 rn 

lJfifiainli'iin trn~i11nJJ~'{'WUJ1 Tnm\'Jiim11w1 

lllln ~vh 1 M~U1V !i.i !'lll.1150'11J 1'ii'ln1\'Jii uni'i<r'li 

liNni!i.11'1' 1\'Jiim5~uri11fifia iiimalJfif 1~;'1'a1 

~Yif1~r11i\';i• ihil<nw r11il<vtfri6 u~~n~1iiim> 
'J) 0 'J) ~"" .;: 'J)• 

i 11 m'i ~umn 11111w n 1mn~'l!a 1 vt1~il1vua~ 'LJfifi~ 

iii malJfif •~~ ~;mh;m n 1rn~1\'Jmn>~'lla<il 1filJ 
d • ' • _, ' • ._., 1iia'"1mrn; 1'lirnu>~m11H1< 1umnmnNu1v . . 

t11~1tl ut1nu1nif ~1J1uU~irn:Wikytt1~ul111Jl1u 
!'liW J1mJmilwua~ t'l!irw 1wlla~<i:;•1nm> 

1111~~mJnili~ii~mua;1\'Jwa~ua~N~'1irnllv;'lJa< . . . 
~ "-'' " •· ,., • ~ • ' • "-'' r Vl'Yl~U1V ·~rnutyl111Nl1lJ~WVll l'l1f;JU1V l'ifi 

schizophrenia !i.ihlJlla i wnnfom ~1U1 ltlti 

fi 11l1lirn11l11'Ua<m>i' nJJ 11rnifirn~n11 niilJJJl 

1\'Jw 1 rnJ1~!');<mn 
'J)• • • ?1 1 d'"' 'J) 

UlJ11 sch1zophrema 11:;::!1J'W J'fl!JeJJ'lUb'l:;::\Olfl\l 

<V """" ! .,_, 'J) I <l' 

1filJ1~l1fl~'li1~ l!~filJ1filJ1WlVV1'1lJfilJ 

ri qi'i n 1'lJll1ll'~ •~ i1vl1~D1n1; !! l1~uty111\li 11~ ~ 

0.09 

0.01 

0.05 

0.36 

1.84 

I 

;;::10,000 10 47 

7.50 9 2.75 

;;::10,000 2 59 

1.89 19 7.14 

120 62 11 

~I0,000 57 61 

fl cl1111111'1\l\9) 'W ~l ~lllfl~ U ~HJ l1fl11f flll 1~1~ a~fiUfllJ 
u1~1il1J~i!1v u~a~' 1vD VN~~ 1w~ai1ai w m; 

Na'li'111~t'J\l'IJV'lfJl~~fl\I fll'JM~fl!~U-1 vcJ1\l lJfi101111 

li~iJ1mi';v; 30% rviiif1J~m;fom1\'J1J~il1wDh 
!l l1~l1'1lJ 1Jfifii\'lJ1 '1J1l] Nl'W 111BflQl1J ff< filJ l ~ D ei1; 
_j "" (4) 1 'J)}I d .<!! .,,, q 91 r.ot 
Ufi~ !'!'Ii !'11WNu1 VVl!l1~ fllJ n•~lfi~Nl1'lil~!fiV< ' . 

.\ "-'' . '''" _,~ . .\ >1Ml"ll<~u1vrn !lJ 1~u~~uf]l!'llifi1J>filfl 91; 

Ul)!mif !l 1 '1'Li~n1> ~ ~il1ai'J D 1m' ii 11~1Jef 'W!ta~ 
,\'fl 1fii\'rn'1J1f fi lJ1 l 'W l Hl'i VllJl ~ Jl "lllfi !l l1 ~ 
ri 1 i {;iia i w m>foJJ1ri v1ml1~"~1.1ef w aei11 mn 
,~,, ~I• 
i'Wil\9!\9H'J1 !'Wfl~lJ conventional 'tl!:!utH'Jl11'1fl 

dqv• 1 ;v. _1• 
'Vl !'lf'Jf11:l1 schizophrenia \9!UU'W'VlUJJJfl1:lVil!:UJU 

"' "I 'J) .d. 

'lJ'Wl~V1~1lJNl1fi15 >filJ111> D N~'Ul;tfi V<'ll11 EPS 

ua:;::1JlJ!'VlltllfllJ'Vl1\l EPS ,;J1cH'll anticholinergics 

~1~f fl1l1 parkinsonism U~'lllflflll~rn iu nzjlJif il 

Nl1'1il<tfi v<mmrn~•1nm>~lim hmzjl! atypical 

1\'Jwm<1 lla n i mi li 1ittuii1mrnnfom1 ~ lJ 

!tl~awl'Li! ~v~a1 i wnzjJJ atypical niiui1'1iiv1nzjJJ~ 

1llanH1\'Jwilw~rn1rn 1~ait1'hJ v1iiinzjJJ 

atypical ii tl 5 ~ il Vl il 111 ri i W fi 1 J> ~ ~ lJ positive 

symptoms Vf1911Vtt.rlJii'uu11unzjii conventional !!ti:: 

tl'!'l:rl:Ul'ibl';J!:~U negative symptoms !~l.I tllfllJ 

iwn~ 1"1nii1 fi lJ m' !i.ilimrnn! ~alJ!'IW a;111 a 
4 " d'I , • , •• , . a1m1"llmff11vt JJl1'1lJ1JO>~<lJ 1~mva1 nrn~lJ . ' 

conventional 'Wflfllllflirh! fll'.JVlt.nn~JJ atypical ii 
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"' ,,. "' ' <j) ; "'! 0 9 "' Nll'lll,11'1V,l'llll EPS 1'151-l'!ll1m "'Yll 111fi11Jlrn 

iJ 'f 1J '11u11'1v1111' 111lJ1~llr1n11fl11J ~ lJ a in 11 

'l <j} I d 1 I schizophrenia \OJ 'I 1 tJ u a ~ ! 'j 1 fl 1 1 tJ 1 fl ~ 1J 

dd.w '>l,J 
conventional 'VltlJ5Urn'llml'lVlhti;(''llll mm; 

,J • ,,, "' ••• ' .1• EPS 1l~\(,mlJ'llUl'l'lV"lrnuu'l/B\llfil'l '1Jnl'.iU'.ilJ 

' • • w 'ii ' •.1 'llimrn1 tnt11m~m11rnm1m1J!j!J~ 1v mua51'1 

'01fl51fl1'J schizophrenia iJJ U5fl'\llflJu flll1"11t11 

' ' ' "' "'! <j) ,,. """"' "'! <j) ,,. l'll!J Nam; rn1111n a Na'll 1,11'1 v1 'Vltnl'l'll u mm'Vl 

1~5n111' Na OU 'f 01Jl hit ~U ~'VlV lu11j51nfl 

. ~ 
tll atypical ~15'WH'Vl'W 

Ziprasidone 

schizophrenia 

schizoaffective disorders 1u flllfffl1:111'11.:Jfl~i1n 
' 'J':::u:::ffu ziprasidone l."1'1ll1'Jfl'J'~!1J positive ua~ 

' negative symptoms(s) ua::;J::;!1J 2 51flll'W1"1t1flu 

. ~ . 
fll'J''J~.:J1Jtl1flldCUlllfl'l1Hi:J!: affective components 

i.Jn..1'1v16_,, ri1um11lnm;~v~m1 0.5-1 11 tt1J1J 

placebo-controlled, randomized ua::;double-blind 

"'' d d ,J' "' 1u~i11v1umuu schizophrenia t'.i5'.i' ziprasidone 

lll!Jl'.im~fomm'.i'llB~ schizophrenia 1..l'i'itl'lV~ 
'ii °"" '>) r-\ I <j} <j) OJ \I) I 

~ 1mfil'lNll'lmll'lV'l'lBU'lll,UBmta~)Jfi llJ~ll11'1 

' 1rflt1~i11tl'Vl'W\9it1Nafi1'ltfit1.:i111~1Ui$lriaufi1~~( 10· 12l 

"' d "' "' . . "' 111!'JlJ'fl'Wfl1'J'Jfl1:11 schizophrenia \911tl ziprasidone 

iu'llml'l\(" 020-160 !Jn./'lu) u~l'lllJ!j!JBlfil>'llB' 

cJ.:i~1r:i1 ziprasidone fl'1lJ1'JflC'l\Olel''flllfl1'Jfla'1JtJ1iJ 

illfll'J'Uil'l schizophrenia 1~uJ1fln<5-9> ~1Ji1 

ziprasidone •1hval'lfll'l'.ilfil'.i~~i11vll1~<Mifu~11ql'l 
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m1fomr1au11m<lum1'Ullin..1'1a'"·"' 1'1vmvn~ 

aci11t,1daHm~'llml'l 120-160 l.Jn./'lu 11
'·"' 

ll1~il'VliiNm~v~~U'llM ziprasidone 1um1 

"' • • "' .=! "' • (5) 
Jfl'hll schizophrenia '\l~'Vl\Pl!'Vlf.llJfl1J halopendol , 

• (18) • . (9) ' ~ [ "" ""' 1 
olanzap1ne Ui'l!: nspendone ft1'Wu'J~ft'Vl'fiNtl U 

schizophrenia 

ziprasidone 

1l~Vll'l1YlVlJtl1J • (JI} 
halopendol , 

1 
, (19) , .d (W) 

o anzap1ne Utl~ nspen one 

m; ii mi 1ll'll' ~ii viii Na'lf a 1n11 t ll~vu v1 
.,A Ad,,,~Ad•~ 
; nlJ 1 !'.in u<'l u1mrn m1u 11uu a n'lfu'111 u1 V1'.IJ 

' <j) <j) "'! 
nau'l/1,uav u1nnn!Yfi1Jl'lfll1 Weiden 1rn~llllt~ 

(2003 )"'' ~ [!{ii.J~ VlJ!YlVlJUJ~il'Vlii Na'llB·:inlJ 

tll~vuv1fom 1 rn~l'lulnV1ntj1J conventional 11~B 

olanzapine 111't1 risperidone ~1"11i'n111~l11t1 

schizophrenia :W1!~'W n11i'n1:11~1tJ ziprasidone 

'lfllll'l 40-160 !Jn./1u 11lvilm,llfo'llml'lm 

1• • ._., ' 
ziprasidone '11!'11ll1~ ftlJ fl1.H'ju1tJl!fli'l~ 1 ltl 

fl1Jfffl£JTW1Ji1 fl1lltl~tJ'l-JtJ11.'11flfltjl.J conventional 

"'! "'! ?1 
'1115 olanzapine '1115 rispe1idone lJllu'W ziprasidone 

ii111M'a\01 total positive and negative sympto1n scores 

' nl'.iftn1111ul11ua11~v1ti'uU11lv Loebel 

ua~!lllt~ (2004)'
22

' W1Ji1m1tll~vuv1i'mfl tJ!l~11 

1.Jlflfl~lJ conventional '11~tl risperidone :Wll~'l-J 

ziprasidone ii111M' cognitive function Ui:l~illfl1'J 
'ii d,df ' ,,. °' 0 "' anxiety-depression 'Utl~fj 1f.l\Ol'U'W5tl1.:Jll'Wf.lfl'1'flty 

u1'iNamci1ll1iillm11J1111nt>i1'fiua~Nil't!vrl1fi1]! 
d • Id ?1 9 ~I 

llJtllutitl'W1.'11fl olanzapine lJllu'W ziprasidone ~'Wu 

1~v1ilu Harvey tta~!lllt~ (2004)"" !'l1Jlln1'.i 

11l~vum,fo111 hl'l~<'lmnv11untj!J conventional 

11'1t1risperidone11'1a olanzapine lJl!~'W ziprasidone 

ii111M' cognitive function 1rfltJl'il'W1~1uJl1u verbal 

skills, attention and short-term memory, and 

d,Jl 1 .d ' ,,. 
executive function rfl'll'W'\llflfltl'Wfll'J!UtitJ'Wf.11tltl1'l:W 

uvrl1fi\]J 

UBnu1nu~Hi'mn schizophrenia 
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' Ii) 'll,,,. <J) 1 • 
disorders !~Hlf)'fl1CJ \O!CJVl\l the Texas Imple-

1ncntation of Medication Algorhythms expert 

consensus pane{
24

l Utl~ the Arnerican Psychiatric 

A . . ' 'd I' (25) I d Q "I 'J)... "I 'J) 
ssoc1ation s gu1 e ines \911\lflU'W:;::'Wl rttt'Eltlfl !"lf 

' 
atypical antipsychotics 1un115'n1n bipolar Yl-.:i 

,,.. 9 'JJ• .,, "" 
HUU monotherapy 11Jtl t"lfJ1:Uf11J lithium 1118 

valproatc 

mu~lJMl~u atypical antipsychotics ~llJil11Z1 

E S (Extrapyramidal Side Effects) 

0 -' .; • 1 A 
~ ~ 1~ ii lJ' ~ m> 11ii 1'tla 101 rn m rn ;i~ 

' ' 
'J1JJY!..:i tardive dyskinesia ~in11ntj:u conventional 

aci11h~mlJ ll;1011ii11~1ii'im1wnmfi~ EPS 

'lHJ\l risperidone, olanzapine Uft:i:: ziprasidone 'il:i: 

filJY{ ii if fl U't/ 1J1~ 'ti 51011~D~ll~lfl~i'J5 ot\i Hit 1J 
' ' 0 A 4 .,. 1 1 

'tl1J1~~1u~~m~mn'tliim1•1m1 1J'l11J1~\);1 1J'l!w~ 

~ clozapine H'1:: quetiapine Yh111'tfi'fl EPS ~11J1fl(27l 

l'H.Jiii011'1l~ 
". . ' 

q 'Vllil\ il1fi !1J 1rn ~ fl'u ~ > 1 ol\lj~ l\1 fi~ i\'u 

1111" 1~m1i 111'1n~nmiiu;J'J~ati111\1uu11if u'1i1il 

'JlCJ>'.JTl.Hrl-enJ1:;::lJ1W 351J~ui:11{2S) Uti~n'JlU"ll'Wi'l'l 

fl 1 rn ii' lJ 11 u ii 'i "11111 u 1i'n1J 1 t rn ~ "1 n tj lJ 

phenothiazines 1\0lEJlll'W1~ thioridazine 1un1JVi11M 

1ilu;J1"1!! urn \1uu11 i:i'u ~ilif n lJW ~'t/011111 ;i1Jl u r:i~ 

~\1111~1uitJu1J1J'lJfl\I torsade de pointes<29
•
30

l 

n~ tn'l!a101foJJ1hn~~1u mnh 111'1111"1Jlu r:i~ 

potassium 

. 1 • ~ channel 'Yl1 11lfl\Ol delayed repolarization Utl:t: 

ii 1N~ 111' QTc interval D11~lJ 1~m~111~ll1mun-:i1 
500 ms llJ~ljfill~lll 111'10~1111~111 tulfllJN~>fi1111~ 
1rn~ nm ifo;J1"1 a tirn \1 uu11if lJ\'1llJm1 fl 01fom 

' ' l ""' -=:\ 0 1 v ""' -=:\ ~ (28-34) 
irnll~'Vl'Vll 111n~N~lJ\);1lj~fl0 thioridazine , 

inesoridazine !!tl~ ziprasidone(
35

.3
6
l acl1'11Jfi11111 

"' ' ' ' '. ·1· fl1J\°lflEI1ii11.J !11t)J'Vl1J11UlJ ziprasidone 'O~'Vl1 11 

' ' 
QTc interval v11'\iu;i1nriaum1Hiv1 u<'ill'n!l.i1wlJ 

Thai J Phannacol; Vol 28:No.3,2006. 

'!-'' ., •. d.,.,,, mn 1Jfi11 60 ms 'Vil mm QTc interval 'V11~ !i'lllJlJ 

U>•lJllll 400 ms <Ji1 !l.ili~'Ji11~1nq!il (>500 ms) 

11'1~fln11!\ n 1~ 01 v1ll l u n > iU ~ 11' 1l;i~iJ1 ull 
.. ~1 W 1 ,d I I 

conduction deficit 11Jfl11 Jfl'Ufl'l11'J 'Ofl'W°lfl~fltl'W . ' 
Utl11"ll''W myocardial infarction .. 
'i•uurnan 

01foJJ11 rn~mnm10'!11111'1n~fl11l! 

ii~uni1~011~urn~a~ !Jl1ilau1Jn\ll1 mi~uilm'.iw 

~au'1i11~1 (1 lu 10,000) mwi1~un~~1nn~u 1'1iu 

leukocytosis, leukopenia Utl~ eosinophilia a1V1Vi1 

thiori-

d . 11 . h h' . ~ cm az1ne, c 1 orpromaz1ne Ufl~ p enot iazines tl'W"] 

v • ~I ' "' -=:1 
Ull11 clozapine 'O:t:!u'Wtl1fl~11 atypical lfl1UJfl'YI 

!!ff~1!11'1i'.fu-:J1'111ttt1fi~ EPS ~llJ10'1 0~11l'i~ 

i'lll! 

agranulocytosis 1u1JJJ\Ol1EJ1i'n1:111Jfl~lfl clozapine 

. 1 v"" "'v d (3&39) l -=:\ 'Vil 11!fl\Ol agranulocytosis !\91'~\l'Vl'fl\Ol ' !\Oltl:U 

~li'i'im1wu1~mw I 1u 100 >w 11~~'1!111m;lu;i~ 
' ' -=:\ I _,,.,, .?-=:\ I <V ~ 1 

!ffo1!'10~u!'lm>wu\);1m1'l!11~•1unno1 2.4 t'Vll 

'
40

' 'l!W~lli'i1 !l.iil'i1011uNB tl.iw1u1~ff 11i''IJ0101 
• • d-=:1' ~ 

z1pras1done 'VllllfltJJ~1J1Jtf!tl\Ol . ' 
U111ir oPi'Jiiti:u 

atypical 

conventional 1umrn~nmn~ EPS 1wi01ntjlJ 

atypical 11mu\ll1llNB !l.iw~u>~ff 1fi'~rl111'11J~"1111tt 

~iJ1u!l.i~1JJil0ilunnfoJJ1u~•m>fo1J1>~0~011 
' fl) ' fl) 

1il~fl 11JJti'rn11~ 1!10n l'il\01'1111w!l111il' n\ll11wJJ'\iu 

~\1~1'l'01fltl1fl~ll conventional ~l1111MJ1rrifn\Ol1 
I~ lJ~lJ i'J aon-:11 01~Yi1tttlni'IU!]J111tl1111l'n\ll11~l! 

I llJ V I • (38,41"51} • (42-51) 
lJ1flU'ft~1JtltJ !\OlHfl clozap1ne , olanzap1ne , 

risperidone c19
'
51

-
56

l, quetiapine (5oJ 

Uet~iJt1u1tri1 clozapine, olanzapine 11~V 1isperidone 

ihumfom h~~~~ilN~<'iatl1111l'n\ll1fiauili1i'iau 
' ' (47,57) 

quettap1ne , 
' ' ~ lJj '""' & ll\ v ' ma 1rn11lJ'l!lJmo i~un 
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. .ct (19,55,58,59) . . j (45,58-62) A 1 _,,ci~ii 
z1pras1 one Utt~ anp1prazo e 11 J nu 

i'm1111n~nilN~v11 !titl1m1 n'111~1Jef uu~1iln 

f.!'1 insulin resistance !U11111'U ti!l.J~l.J 

fl1lJ~lJanm vvnii1'1'~ 1l'lu~u v1nzjlJ atypical ~ 

v111 tiJ11111n'111~lJef u u1fl ue v "l ummnfla 

ziprasidone < aripiprazole << risperidone ~ 

quetiapine <<< olanzapine << clozapine N'i:'l'Ufl\11'.Jl 

i'm11 ! w1~1'11'iem>!~lJef u'Ue,J1m!n'111~v H 

'IJ1J1nm~1~1wl'lunm 10 tiun1tt nffn'a~1ui;u~ 
' " ' ~ 1 'UNl'm'W 

1nv~1"lu m1i'nm bn schizophrenia ~1V 

ziprasidone 'll~Yl11MJ111Unl'l1~tl1tH~ll~l.Jtl'tiu 
lJlfl Allison !W~fl!U~ (1999/52

' 

ziprasidone tl'lunm IO ffUl'llttv11!titl11111n'11 

~1bm~JJefuu>~mw 0.04 nn. 1unn!lmn~Ha1 
"' •.1 ef ~ • ziprasidone !U'l.J!Ti;)l 6 'ffu~111!'WflJ~.:J'lHJlf11'J 

1Tiuu1A1!:1l.J'lltl\I schizophrenia lijtl schizoaffective 

disorder 'WU11 ziprasidone 'll'l.J1~ 80 llfl.li'U t'Wll 

tl111un'Ue,~1J1vu>~lJ11U I nn. iwi1u'U\Jlfl 16 

lJfl .11u n ;;lu "lii1~JJJ111u n'11'1Ja' ~ll1v''' 
fl1' ff fllfl! vim ma 1J! VI VlJ N ~ ,j a'1 'Uil m~ 

~1\lf111'.J (body mass index) 'lltl\I ziprasidone 

olanzapine 

schizophrenia lijtl schizoaffective disorder 269 'J1CJ 

. ' 
\Jl'W 6 tiumtt11u-l1 ziprasidone !WJJ!l111un'11'1Ja' 

~l11a 0.5 nn. 1u'IJIU~~ olanzapine !~lJJ111un'11 
~1J1v 3.3 nn. 1'ilvuiluriaum1fmn'62

' nnfm11 

~iJJU'l.Jflfl schizophrenia ~iJtJ1f11Jfl\1~1!ilUt1'1;)1 
28 tiumw ziprasidone v11!titl111un'1'1~1J1v 

' ,, ' ' ' =. <"I ~ 9 .<i/<=I OJ <=! =. !!1lJ'IJ'W 0.31 nn. 'JM inmnv~nu haloperidol 'Vll!1lJ 
' . 
" OJ "' ~}J (ll) 1 ~ ' ' <!! 
\J111'Wflfl1~1J18 0.22 flfl. fllJ 'IJ z1pras1done !!15 

fni11~iJ1u schizophrenia ~iJt11n1':Hftif\IU1'U 1 1J 

11u-l1 ziprasidone 'IJ'Wll'l 40, 80 1rn~ 160 l!n./1u vll 
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1 tiJ111u n'11~1l1v~'1~"111n riau m>i'nlJ 1~' 2. 7, 

3.2 !W~ 2.9 flfl. fillJ~l\ll'lJIJO) ff1'Wfl11fffl1Jl~LJfl11 

11.J~CJUCJ1~1i°'ll1f1 olanzapine lijtl risperidone ill 

"' '" .,,, !ul.J ziprasidone H'i;)~ !'ll' ziprasidone \91tHu'l.J!Ti;)1 6 

!l'ul'!1ttu~v11111itl111un'1'1~1l1v~l'I~' 1.76 1m~ 
0.86 fl fl. 

~ (63) d'J/1 d-=1 fllH!fllJl'UlM Cohen ll~~ll!U~ (2003) Vl~U1VVllJ 

fl1JVfmlll1fl1J'Ufl\l'ff'iltl\1~1 (mental retardation) 

11'.1ail11qilmrn~~11unil (behavioral disturbances) 

" .J'-=1 !II' d <I d 
40 ;1v 1u111u1uuLJ~l11v 36 11aVJ1111VJmu~aua1 

inliltJ ziprasidone ldt1\l'lllf1~iJ1CJiiJ1tnXn\il1t~ll 
~ 'l ' ' !ll}j lJ] !l}<V mn11rn lJfl5lJff'W5"''15Vl ~1J18 28 ;1m11v tl'!rn 

C.11 risperidone 11 5 JlCJ~tflU!~i'u quetiapine ii 2 

11v~111v"l~fo olanzapine I!~~ l 11mnv"l¢lfo 

haloperidol l'1lJtllJ clozapine tl'lml!~m!~1 ~U1V 
,, "' ' ,, 

ml'i1ililll111un'111w1Jiiu 1.s nn. rfou'ilu~Mfo 

ziprasidone 11~~'ll1f1~tU~CJtJlJ11'1f' ziprasidone ult1 

6 i~vu J111un'1'1~1J1a~l'l~,m~v 3.6 nn. 1rn~11'lu 
~ "" r <=! OJ " "' .J 'J/ mrnn ~''Ua,u111u nv v1,JJ'W8ffllll)! 'ff' ffvn11 ~v' 

rlml'WVllJV11'W11JIUOJJIJ~!ff'WV 1'w Newcomer 

(2oosl'"' 

m1rvhi1'11:Uu1 u1lia11 

v1i'mn 1111~11l'i1u!mymm1m~lJl'lliru 

'lfiJ11,j1,1 !w!ial'l M 1'fiu triglycerides, low-density 

lipoprotein (LDL), total cholesterol, !!~511!~'1 high­

density lipoprotein (HDL) ~~u~vlllM!flllNmifo 

11'.1 ml'lu llu llm~v,'Ua,m> 1nl'l t 11111'1111u~~11~a '1 

n~ll low potency, conventional antipsychotics t"lfu 

hl . h" "d . (78-8()) ,,,:11 c orpromaz1ne U'i;):::: t ion az1ne U'l;)::::UlfhJN 

. I · I . I , {12,18·89l atyp1ca t"l:fl.J c ozap1ne Hf!~ o anzaptne 

'jfl\jfl\llJ1!~uri quetiapine(72
'
81

'
83

'
89

) u1i'n1:111Jfl~\91~ 

1~m~'1ul'Uir'W1 uilial'lil' av Muri risperidone 

'
12

·'
1
•
82

·"
4
·"'' 1m~ ~ "[ij11m 1v,1u11v11111i"l 'l1iru 1 u 

<!! """ <!! ' 'd . . 1 (62,68,82,89) 
tfltl\OltJ\lflfl z1pras1 one U'i;):::: anp1prazo e 

""' (82 .J' . 0J01" 11J5 haloperidol 'W5fl1llfl'W olanzapme V'Vll 'fl 
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1J'J~ 1J1W fll'J6Ufl-.J fll'J t 1Ai :IJ"Ufl..:l J' lti iJ fl~'J 
1 u n1';i'"j n1::11$1Jc.16Uu 1\9lc.i11s1\91-;r511u i o -i¥U¥>11M 

5 ~ 

t 4 ~ 
'• 

3 I 

2 ~ 

1J 
,, 

I ·q 

I 
~ 1 

I • 0 --+-------

i 
~ 

1 i ! ! 
[[ 

------ --------

.ti cl "' 1'I w "9 "' 'j} (87) 1 
11~v~rnv~1t~1m •~ir101 33% ~n~1v um' 

~ . . , . ~ 
'Vl1J'Vl1lJfll'Jfl'fl1:J1Utl'W'l1tl'lflll '1f ziprasidone !'V'HJ 

fmn~i'hv~llmn~lillmnn~a1l!lJa1'111 40 'iv 
' . ,,.. "".,, "' 

6 t\Oltl'W'Yl'Jflhll'U'W ziprasidone 

. ' 
cholesterol tJtltllJlfl U\Ol'll!i::tl<fl fasting triglyceride 

'"'"'o"'(89) & d 
uei:::: total cholesterol tlUl'lJJUU'fflflqj fll'lfl'fl'l:ll'\11 

111'~1hvnJ~vunnfm11mnmfm11 hfi~~tum 
itJu ziprasidone 'W1J1TVh1,Y random non-fasting 

serum cholesterol Ht!!: triglyceride tl!fltl'ltl~l\liJ 

• 
n Wl'llJ'Y\11-l m' f.lm; l'i'l11fi ~il n '~v~il'u ~ a1 

ziprasidone lun1"Jffl'l:ll schizophrenia !?i'J1u.:i1ul1 

ziprasidone Y\1!.ft1::::'f11l'lltl'l total cholesterol ua:::: 

' "' ' "' "' 0 "' triglyceride ~ ~m ul n nau m"mna Vl1'.IJ1JV!Ylfi\)j 

ua::::a\OH'l'llJ1flfl11~1J1v~~l~f1J olanzapine eJ~1'!iJ 
(91) A d ~ OJ dl<J '.II tl'v<l1ii'nJ 'lMNamrn~ftaa1n1JN~'Vl ·~~1n 

~ ~ ~ ~ i ~ I ~ ~ 

fl1':ififlll1'J~V~fiu 6 ft1'111rf~l11Ji1 ziprasidone 

1ul\vw11i~1,~;'\'1J'llB1 fasting total cholesterol, 

'.ll}f ~ 
LDL-cholesterol U'f1~ triglyceride 'Ufl{J~u1Uli"lrl{J 

cl '.II r OJ di I ,d 
1'f1fl'UflV'01flflfll.!fll':i':if11:l1 C1f{Jifll{J'Olfl olanzapine 'VI 

'111111', ~;'\'lJ "l ~JJu mci1il'1~'.IJ~1-l BV11lltl'u<l1ii'l)j v1 

if 1 !'fa1il'11il\ vu l! iJm, ~;'\' lJ'll B1 HDL-cholesterol 
• 

1wv11~n1fav1t~~"liJ111'lni'i11ii'u,~11111v1V\'1!'fa1'"' 

~ ' " • q '-" d fll'Jfl'fl'Ell~ftllflfl ~'lllJl.! ~'W~u1V schizophrenia l1':iil 

schizo-affective disorder i111'avuv1'illf1Ulfflll11':ifl 

~\?lfltjlJ conventional l1jil olanzapine l1~fl 

"' " .. •. ( ' risperidone l.Jl~uu !~':I'll ziprasidone 6 b1'uflll1 

1ila1mnNam' f m11"lliti1vrn1~ 111~~1J1v'Vlui'i B 

Na'111111iv1'lla1mmci1Ju"lli"l.l'Ju 11ii'1 6 illimtf 

':i~\Olu non-fasting triglyceride 'f1f\fl{JeJti1,:iljiJuTI1fttl] 

lJlnu1n~w~"l,\'f1J olanzapine (-50 !Jn.Nm.) Im~ 

~w~"l,\'flJ risperidone (-29 '.!Jn./~~.) ci1m~;'\'u 
d ' ~ 

'llfl.:J non-fasting total cholesterol flfl1Jfl{Jflrll'llJ 

tl'~fflrll)jn111u~n1~~"l,\'fo olanzapine (-17 '.!Jn./ 



Thai J Phannacol;Vol 28:No.3,2006. 

' d, ,,. 
fi~.) !!o~ 11J'll\\!~1'1 !"1l'U 1isperidone (-12 lJ0./'10.) 

ll~'i ~'11rna 1 l 'Uiimrn1~iJ1v~1!if1J m; f m11!11 vv1 
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