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RESEARCH ARTICLES

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

Chariya Hahnvajanawong ' and Wichittra Tassaneeyakul *

! Department of Microbiology, Faculty of Medicine, Khon Kaen University,
Khon Kaen 40002, Thailand

? Department of Pharmacology, Faculty of Medicine, Khon Kaen University,
Khon Kaen 40002, Thailand

Abstract

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 ICsp value was expressed as the conceniration 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 ICsp values of 42.8 £16.0 and 88.6 + 26.0 ng/ml, respectively. Results of statistical
analysis using the Student’s unpaired #test revealed that the ICsy value of the test

formulation was significantly lower than that of the reference formulation.

Key words: cytotoxic activity, 0xitan®, Eloxatin®, colon cancer cell line
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Introduction

Colorectal cancer (CRC) is among the most
common 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’. Over the last fow
decades, 5-Fluorouracil and analogs administered as
continuous infusion or bolus and modulated by
leucavorin have been the standard therapy for both
adjuvant and metastatic treatment. However, the
modality treatment has now changed to other active
drugs such as oxaliplatin, irinotecan, ora}
flouropyrimidines, and new molecular targeted
therapies that have increased the treatment options
available for these patients”.

Oxahiplatin is a third-generation analog of
platinum compound with 1, 2-diaminocyclo-hexane
carrier 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 carboplatin®®. The response rate of
oxaliplatin when used as a single agent in metastatic
colorectal cancer patients is approximately 12% to
24.3%", 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 35% to 45%, and median
survival up to 14-19 months™’.

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
cutcomes are similar. At present, both oxaliplatin
preparations (Efoxatin® as the reference formulation
and Oxitan® as the test formulation) are available in
Thailand. Since comparative studies of cytotoxic
activity had never besn reported, the purpose of this
study was f{o compare cytotoxic activity of
oxaliplatin as a test formulation (Oxitan®: Dabar
Pharma Limited, New Delhi, India} with that of a
reference  formulation  (FEloxatin®: 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,

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.} RPMI1 1640, penicillin, and
streptomycin were purcbased from Invitrogen Corp.
(Carlsbad, CA, USA). Fetal bovine serum (FBS; was
purchased from Seromed (Berlin, Germany). Suifo-
thodamine B (SRB) and typsin-EDTA were
purchased from Sigma Chemical Corp. (S1. Louis,
MO, USA). Tissue culture plates (96 wells) were

purchased from Nunc (Roskilde, Denmark). All
other chemicals were of grade AR.

Colon cancer cell line

The ceolon cancer cell line (SW620) used in
this study was provided by Dr Chatri
Ngamkitidachakul, Preclinic Un#, Faculty of
Medicine, Thammasat University, Bangkok,
Thailand. Cells were cultured in RPMI 1640
medium supplemented with 10% heat-inactivated
fetal bovine serum (FBS), 100 U penicillin, and 100
pg streptomycin. Cells were maintained at 37°C in a
5% CO, humidified incubator and were subcultured
weekly. The culture medium was changed twice a
week.

In vitro cytotoxicity assay

The sulforhiodamine 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)® with some modifications. 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 haemocytometer’ and
diluted with medium to give a finai concentration of
1X10* cells/ml. Cell suspension was then seeded in
96-well microtiter plates and treated with various
concentrations of drugs ranging from [ to 1000
ngfml. The plates were incubated for 72 hours at
37°C in a 5% CO, humidified incubator, The
number of viable cells was indirectly estimated by
staiming 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 ICsy value was expressed as the
concentration of drugs in nanograms per milliliter
that caused 4 50% growth inhibition compared with
controls. 1Csq values were calculated using
CalcuSyn Version 1.1,
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Figure 1 1Csp 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 experiments.
Resulis Diiscussion

The treatment of an SW620 colon cancer
cell line with the test formulation (Oxitan®) and
the reference formulation (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, 10, and 1 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 ICsy values
of 42.8 + 16.0 and 88.6 + 26.0 ng/ml, respectively.
Following statistical analysis using the Student’s
unpaired #test, it was found that significanily
lower than that of the reference formulation (p =
0.022).

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 methed has
several advantages over the tetrazolium-based assay
including better linearity, higher sensitivity, a stable
end-point  that doesn’t require time-sensitive
measurement, and lower cost®®”'°. 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 formutation (Eloxatin®} — on a colon cancer
cell line revealed that the cytotoxic activities of these
two formulations- differed significantly. The mean ICs,
value of the test formulation 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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RESEARCH ARTICLES

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

Parirai Khonsungl, Saranyapin Nantsupawatl, Sukanya Nimmannit Jesadanontz,
Vanida Chantharateptawan®, Ampai Panthong’

' Depariment of Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai
50200, Thailand

2Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330, Thailand
*The Government Pharmaceutical 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 hyperthermia 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 antiinflammatory and
analgesic activities.

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

Address correspondence and reprints: Parirat Khonsung, Department of Pharmacology, Faculty of
Medicine, Chiang Mai University, Chiang Mai 50200, Thailand,
E-mail: wparirat@ yahoo.com
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Introduction

Malvasirum  corvomandeliagnum (L)
Garcke, family Malvaceae (Thai local name:
daikat) is one of the medicinal plants
scientifically investigated by the Medicinal
Plant Research Institute, Department
of Medicat Sciences. A previous study showed
that the M. coromandelicmnn water extract
exhibited a hypoglycemic effect in diabetic
rabbits'. The water extract of this plant at a dose
of 0.2-20 g/kg given orally to Wistar rats for 60
days in a chronic-toxicity study did not produce
toxicity in the animals®. M. coromandelianim is
used in traditional medicine as an
antiinflammatory,  analgesic, antidysenteric
plant*® and in the treatment of jaundice’ and
ulcers’, Various extracts of the aerial parts of
M.coromandelianum  showed antinociceptive
activity in the acetic actd-induced writhing {est
in mice®. This study aimed to investigate
pharmacological properties of the water extract,
including anti-inflammatory and analgesic
effects. In addition, the antipyretic aclivity was
also estimated.

Materials and Methods
Plant material

The whole plant was collected in Prom
Buri district, Sing Buri province, in
November and December 2004. The specimen
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 minuges, 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 ICR mice
(weighing 30-40 g) were purchased from the
National Laboratory Ammal Center, Nakhon
Pathom, Thailand. All animals were kept in a
room  maintained under  environmentatly
controlled conditions of 24 + 1°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 guidetines for the use of
animals prepared by the National Research
Council of Thailand.

Anti-inflammatory activity: Carrageenin-
induced hind-paw edema in rats’

Maie rats of 100 to 120 g body weight
were divided into five groups and received 5%

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

Tween 80 as vehicle, indomethacin af a dose of
10 mgksg body weight and the M.
coromandelianum water exiract 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
ml of 1% A-carrageenin in sterile normal saline
solution (INSS) was injected intradermally into
the plantar side of the right hind paw of an
unanesthefized rat which was restrained in a
plastic cage. Paw volume was determined by
means of a volume displacement technique
using a plethysmometer (model 7150, Ugo
Basile, Modena, Italy). The right hind paw was
imimersed into  the measuring chamber
containing 0.05% NaCl in distilled water,
exactly to an ink mark at the anatomical hair
line. Each paw volume was obtained from the
average of three readings. The paw volume was
measured before and 1, 3, and 5 hours after
carrageenin injection. The edema volume of the
paw [paw volume {ml) at time X - paw volume
{ml) at time 0} and the percentage of edema
inhibition for each test compound versus the
control group were calculated.

Analgesic activity: Formalin test™

Six groups of male Swiss albino mice
weighing 30 to 40 g were orally given 5%
Tween 80 (conirol group), indomethacin (10
mg/kg body weight), codeine (50 mg/kg body
weight), and the M. coromandeliomum 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 ul 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
assessment, 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 ra ts'

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 3
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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
hyperthermia 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. coromandeliagnum water extract,
indomethacin, and 5% Tween 80 were then
administered orally and the rectal temperatures
of animals were recorded at 30 minutes and at 1,
2, and 3 hours following drug treatmeut.

Statistical analysis

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

Eesults

1. Effect of M. coromandelianum water
extract and indomethacin 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 1. 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 exiract 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, indomethacin, and codeine on
formalin test.

The analgesic test using formalin-indoced
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
significantly decreased compared to that of the
control group. The M. Coromandelianum 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 receiving the M. Coro-
mandelianum  water extract at a dose of 80
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mg/kg body weight was less than that of the
indomethacin and codeine groups. Similar
responses to indomethacin, codeine, and the M.
Coromandelianum water extraci were found in
the late phase of the formalin test.

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

Eighteen hours after yeast injection the
rectal temperatures of all rats rose more than
1°C. Figure I shows that the rectal temperature of
the control group was stable, although it slightly
but not significanily declined after 120 minutes.
Indomethacin at the oral dose of 10 mgkg
significantly reduced the rectal temperature back
to normial within 30 minutes and lasted for 180
minutes. The oral administration of the M.
Coromandelianum water extract at a dose of
1,600 mg/kg body weight did not decrease the
rectal temperature during 180 minutes after
administration.

Discussion

Carrageenin-induced  rat  hind-paw
edema has been widely used for discovering and
evaluating anti-inflammatory drugs'>"®, The
edema after subplantar injeciion of carrageenin
is produced by a sequential release of the
pharmacological mediators; histamine sero-
tonin, kinins (bradykinin), and prostaglandins
(PGs)™*. 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 edema is retained at
approximately the same level for several
hours™'*'®.  Oral pretreatment of animals
with indomethacin resulted in a significant
ivhibition of carrageenin-evoked hind-paw
edema with the maximum 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 3 suggests that the main mechamsm of M.
coromandelignum action may involve the PGs.

The formalin test is a useful method for
assessing  analgesic activity'”". This test
consists of two distinct phases which could
reflect different types of pain mechanisms'®'*?.
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
predominanily by C-fiber activation' ", 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. coromandelianum and indomethacin on carrageenin-induced
hird-paw edema in rats.

Group Time after carrageenin injection

1h 3h 5h

EV(ml) | EI(%)| EV(ml) | EI(%)| EV(ml) |EI(%)

Control 0.27 +0.02 - 0.48 + 0.02 - 0.67 +0.03 -

Indomethacin10 mg/kg 0,15+ 000 | 4275 {023+ 0.02" | 52.11 [0.22+0.02° | 67.25

M. coromandelianum 50 mg/kg  0.26 + 0.01 £25 [043+005 | 10.15 046+0.05 | 30.52
100 mg/kg  [0.20 + 0.03 264 (042+0.08 | 11.47 |0.26+0.05° | 60.70

200 mgkg 1024 +0.03 | 943 (038+0.04 | 1924 [023+0.04" | 65.31

Values are expressed as mean + SEM.(n = 6)

* Stgnificantly different from control at p < 0.05
EV = edema volume (ml} at time

% EI = percentage of edema inhibitton

Table 2 Effect of water exiract of M. coromandelianum, indomethacin, and codeine on formalin test

Group Early phase Late phase
Licking time Inhibition (%) Licking time Inhibition (%)
(sec) (sec)

Controf 98.17 + 2.61 - 74.83 +£3.05 -
Indomethacin 10 mg/kg 44.50 +2.62° 54,67 19.83 4 2.63 73.50
Codeine 50 mg/kg 3150 + LI2° 67.91 2550 +4.14 65.92
M. coromandelionum 50 mg/kg | 80.33 + 2.85 18.17 54.67 +5.17 26.94
100 mg/kg | 64.17 233 34.63 36.67 + 4.91° 51.00
200 mg/kg | 4617220 52.97 30.17+ 3.00° 59.68

Values are expressed as mean + SEM. (n = 6)
* Significantly different from control at p < 0.0
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may play a role through cooperation with
bradykinin in this phase'®. The second phase
begins approximately 15 to 20 minutes after
formalin injection and lasts for 20 to 40
minutes'®*!, This phase appears o be dependent
on the combination of an inflammatory reaction
in the peripheral tissue and functional changes
in the dorsal horn of the spinal cord™™* %,
Several chemical mediators snch as histamine,
serotonin, PGs, and bradykinin are involved in
the second phase'®. These mediators take part in
the inflammatory response and are also able fo
stimulate nociceptors and induce pain®*®. The
response in the early phase can be inhibited by
cenfrally 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-inflammatory drugs
{NSAIDs), corticosteroids, as well as the
centrally acting analgesics'’.

Codeine exhibited an anti-nociceplive
effect in both phases of the formalin test by
interfering with pain transmission in the central
nervous system (CNS)”. It is now well accepted
that the antinociceptive efficacy of NSAIDs not
only depends on inhibiting PGs synthesis at the
site of injury but also on the prevention of
nociception-induced PGs — especially PGE;
release in the spinal cord. Apait from sensitizing
peripheral nociceptors, PGs may also act in the

33.5

Temperature (°C}
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central  nervous system  to  produce
hyperalgesia”. COX-2 is expressed con-
stitutively in the dorsal horn of the spinal cord
and becomes npregnlated briefly after tranma
(snch as damage to a limb) in the corresponding
sensory segments of the spinal cord™.
Indomethacin is able to cross the blood-brain
barrier and possesses analgesic activity in both
phases of the present study®. 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 are 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 anterior hypo-
thalamus®’. The M. coromandelianum water
exiract 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.

HH

%

*

T
180

—g— Conteol o Mcoromandelianun { 1,600 mgke}  _g  Indomethacin {10 mg/kg)

Figure 1 Effect of M. coromandelianum 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. coromandelianum

water extract given orally exhibited anti-
inflammatory and analgesic effecis. 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-inflammatory and analgesic effects should
be further elucidated.
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RESEARCH ARTICLES

Antidermatophytic Activity of Piper betle Cream

Nopamart Trakranrungsie', Arinee Chatchawanchonteera”, Watcharee Khunkitti’
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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 extract'”. Therefore, in this present study 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 lcaves.
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 pg P. betle exiract and 80 pg
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 during the
past decade™, Dermatophytoses, 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-consuming. In addition, the
increasing incidence of resistance in known
fungal pathogens to the cuirently available
antibiotics has recently become more of
a therapeutic concern’®. Conventional anti-
fuugal agents such as chlorthexidine and
imidazole derivatives have limited uses in the
pregnant aud the young and can produce many
adverse effects™®.

As it becomes necessary to identify and
develop novel antifuugal agents, a uumber of
plant extracts aud isolated compounds have
been examined for their bioactivities. Recent
studies have suggested that several plant species
exhibit promising antimicrobial effects'>”,
Among these, Piperaceae Piper betle L., found
abundantly in Thailand aud other tropical
countries, has been implicated in both
traditional humau and veterinary medicines.
Medicinally, the leaves are used in catarrhal and
pulmonary infectious. The phenolic constituent
allylpyrocatechol from the leaves showed
activity against obligate oral anaerobes
responsible for halitosis'. The leaf extract also
has a stimulatory effect on pancreatic lipase and
antioxidant activity”. In addition, the results
from ouwr previous study  suggested
antidermatophytic activity of the P. berle
extract'. Therefore, the aim of this current 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
NatMuang 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 evalnated for
antifungal activity as previously reported'. 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, DMSQO, 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 microbial Hmit test

The viscosity and pH of the Pb cream were
determined before and after ten freeze-thaw
cycles by Brookfield viscometer DVIIT (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.  Fach test was performed in
triplicate. The microbial limit test was carried
out by mixing t g of Pb cream with 9 ml of
lactose broth before pipetting 1| mi of the
mixture into a Pefri 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 primarify on thelr importance as zoonotic
dermatophytes causing skin infection often
referred to as ringworm. M. canis, M. gypseum,
and T. mentagrophyte 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 inoculum preparation’. Conidia of
2x10° cells were plated onto Sabouraud’s
dextrose agar media.  Sterile paper discs
(Whatman No. 4 paper, 6 mm diameter) were
impregnated with either Pb cream {(containing
80 pg of P. betle) or BD pg of ketoconazole
(Nizoral® cream, Jansseu-Cilag). They were
aflowed to dry and were then placed on the agar
surface. Control discs contained either cream
base used in preparing the Pb cream or 4%
ethanol used as solvent, The inhibition zones
were recorded at 96 hours after incubation at
room femperature, 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 performed using
independent samples stest for comparison
between the two groups. The value of p < 0.05
was considered statistically significant.
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Resnits

The freshly prepared Pb cream, slighily
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
i Table 2, the disc diffusion assay revealed
comparable zones of inhibition between discs of
Pb cream containing 80 pg P. betle extract and
discs containing 80 ug ketoconazole against

Table 1 Physical test of 10% P. betle cream

I8

M. canis, M. gypseum, and T. mentagrophyte 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 Ph 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. menitagrophyte afier
seven days of incubation. Control discs of 4%
ethanol and cream base had no discernable
effect on the growth of tested dermatophytes.

Test substance Viscosity {cps) pE )
Freshly prepared 10% P. betle cream 235, 965 + 2658 5.04 £ 0.01
10% P. betle cream after repeated freeze-thawing 495, 050 £ 2582° 5.58 +0.03"

* Significantly different at p < 0.05

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

Inhibition zene (mm)*

Test disc M. canis M. pypscum T. mentagrophyte
Freshly prepared 10% P. betle cream 28.00+0.12 20.30 £ 0.29 32.00+0.15
0% P. betle cream after repeated freeze- 25,10 + 0.23% 17.50+£0.12* 3040+ 0.47%7
thawing
Ketoconazole cream 29.30 $0.03 1870+ 0.24 3570 £ 0.23

"Inhibition zone was measured at 96 hours after incubation at room temperature.
The values were the average (mm) of four measurements per disc. Each experiment was performed in duplicate.
* significantly different at p< 0.05 from freshly prepared 10% P. betle cream

* significantly different at p< 0,05 from ketoconazole cream

Discussion and Cenclusion

Previous phytochemical and pharma-
cological studies have suggested that the amides
and cinnamoyl derivatives, as well as chavical
and chavibetol found in the Piperaceae species,
are responsible for their therapeutic values as
antimicrobials'>, Onr 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. arborefum, and P,
tuberculatum'™".  Based on a previous broth
dilution study, it is noteworthy that the 1Cs,
values of ketoconazole on our clinical strains of
M. canis, M. gypsewm, and T. mentagrophyte
were 14.14 + 3.8, 8.04 £ 5.5, and 5,13 £ 1.2
pg/ml, respectively, possibly suggesting some

degree of existing drug resistance’. Employing
the broth microdilution methods, Stein and
colleagues reported the much lower MIC values
of ketoconazole to be 0.05 and 0.025 pg/ml for
standard strains of M. gypsewsn and T,
mentagropiiyte, respectivelyls. However, the
discrepancy between studies should be
interpreted with cantion since differences in
testing techniques aud 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 skiu irritation and
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adverse effects”®, The preparation exhibited
antidermatophytic activity comparable to that of
ketoconazole cream when the inhibition zones
were measured at 90 hours after incubation,
This effect was dependent on the presence of P.
betle extract since the cream 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.
Challeuging the Pb cream with repeated freeze-
thaw cycling not only markediy altered physical
and pH properties, but also resulted in
apparently rednced 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 Alfium plants against Aspergillus fungi'®.

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 nsed in
this present study could have affected the
efficacy and duration of action of the Pb cream,
1t wounld be of interest to directly elcidate the
influence of temperature, acidity, and alkalinity
on the stability and activity of P. betle extract
and Pb cream. 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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Effects of Pueraria Mirifica Subchronic Exposure on Hepatic
Cytochrome P450 in Rats Fed with Normal and High-
Cholesterol Diets
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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. mirifica. Fach group comprised ten rats. P. mirifica 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. mirifica significantly inhibited CYP2B1/2B2
in both normal diet and high-cholesterol diet-fed rats. TIts inhibitory effect on CYP1A2
and CYP2E1 was found only in normal diet-fed rats. No effect of P. mirifica was found
on CYP1Al and CYP3A. Inhibitory effects of P. mirifica on CYP2B1/2B2 and CYP2EI
were also found in the in vitro study. Inhibitory effects of P. mirifica on CYP1A2,
CYP2B1/2B2, and CYP2E1 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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Intreduction

Pueraria  wmrifica  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, ftreafing insomnia, and breast
enlargement in women'. The uses of P. mirifica
in traditional medicine may be attributed to the
estrogenic properties of its constituents. Several
previous studies demonstrated that this plant
confained  various compounds, including
phytoestrogens the compounds with estrogen-
like biological activity. Phytoestrogens found
in tuberous roots of P mirifica include
miroesirol’, kwakhurin3, puerarin4, coumestrol,
daidzin,  daidzein, moirificin®,  genistein,
genistin®, and  deoxymiroestrol’.  Besides
phytoestrogeus, this plant also contains other
nonestrogenic  compounds such  as  iso-
miroestrol®,  puemiricarpene’, and  miri-
ficoumestan'®

Epidemiological studies showed that
frequent consumption of a phytoestrogen-rich
diet, as seen in tradittonal Asian food, is
associated with lower risks of many diseases
such as breast, prostate, and colon cancers as
well as cardiovascular diseases''™" . Several
studies have suggested that pgenistein and
daidzein  exhibit cancer  chemopreven-
tive effects’!’ 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'®. It also inhibited tyrosine-
specific protein kinases", DNA topoiso-merase
epidermal  growth  factor-induced  phos-
phatidylinositol turnover®, and angiogenesis®.
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 structures™,
For example, genistein has been shown to
inhibit CYP1AI, CYP1A2, and CYP2EI®.
Generally, CYP is an important enzyme of
phase [ drug metabolism. CYP in families
1, 2, and 3 plays a significant role in xenobiotic
(drugs, chemicals, pollutants, etc.) metabohsm
of both toxification and detoxification. CYP
isoforms that play a key role in activating
xenobiotics {0 toxic metabolites include CYPs
1AL 2B1/2B2, 2C11/2C12, 2E1, and 3A1/3A2
in rats as well as CYP1AI/IA2, 2B6, 2E1, and
3A4 in humans®®?,
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To date, the cancer chemopreventive
effects of P. mirifica 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. mirifica causes inhibitory
effects on CYPs that play a key role in
carcinogenic and mutagenic activation of many
environmental chernicals, this plant could
potentially reduce risks of chemical caici-
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. mirifica 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 1A,
1A2, 2B1, 2B2, 2El, and 3A involved in
carcinogen and mutagen activation as well as
drug metabolism.

Materials and Methods

Muterials

The following chemicals were obtained
from Sigma Chemical Corp. (St. Louis, MO,
USA}: acetylacetone; 4-aminophenol; aniline
hydrochloride; bovine serum albumin; cupric
sulfate; ethylenediamine tetraacetic acid; Folin
and Ciocalten’s phenol reagent; glucose
O-phosphate  (G6P); glucose  G-phosphate
dehydrogenase (GOPD); nicotinamide adenine
dinucleotide phosphate (NADP); potassiom
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, scdium
hydroxide, and ftrichloroacetic 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 dithionite was purchased from Fluka
Chermic (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 containing 1%
cholesterol plus 2% sodium choteate. All diets
were pwchased from the Charoen Pokphand
Group {Bangkok, Thailand). The protocol for
animal housing and treatment used in
this study was approved by the Fthics
Commitiee of the Faculty of Pharmaceutical
Sciences, Chulalongkorn University, Bangkok.

P. mirifica

Dried fine powder of P. mirifica tuberous
root was obtained from Dr. Amphawan
Apisariyakul, Department of Pharmacology,
Faculty of Medicine, Chiang Mai University,
Thailand. P. mirifica used in this study was
cultivated at the Ban Tak and Mae Sot districts
of Tak province, Thailand, with the tuberous
foots 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
resutt showed that the solution of P. murifica
used in this study possessed estrogenic activity
in a concentration related manner {unpublished
data}. P. mirifica for animal administration 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 stirrer.

Experimental model: ex vive study

Rats were randomly divided into four
treatment groups: normal diet-fed; normal diet-
fed supplemented with P. mirifica; high-
cholesterol diet-fed;, high-cholestero]l diet- fed
supplemented with P.mirifica. Each
group comprised ften rats. P. mirifica 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 beiug anesthesized
with diethyl ether by inhalation. Livers were
perfused in sifs with ice-cooled 0.9% sodium
chloride via portal vein and immediately
excised. Rat liver microsomes were prepared
using Lake’s method®® with some modifications.
Liver microsomal protein concenirations were
deierznglmed by modifying the method of Lowry,
et al,

Enzyme assays

Hepatic microsomal total CYP contents
were determined spectrophotometrically ac-
cording to Omura and Sato’s method®”. The rate
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of hepatic microsomal alkoxyresorufin  O-
dealkylation was determined according to the
method of Burke and Mayer®' and Lubet, et al.>*
with some modifications. Benzyloxyresorufin
(BR) and pentoxyresorufin {PR) were used as
selective  substrates of CYP 2B1/2B2.
Ethoxyresorufin  (ER) and methoxyresorufin
(MR} were used as selective substrates of CYP
IAT and CYPIAZ2, respectively. The catalytic
activity of CYP2ZE]1 was determined based on
the rate of hepatic microsomal aniline 4-
hydroxylation, according to the method of
Schenkman, et al.>® Aniline hydrochloride was
used as a selective substrate in this reaction. The
rate of hepatic microsomal erythromycin N-
deniethylation was determined using the method
of Nash, et al.> and Friedli®. Erythromycin
stearate was used as a sclective substrate of
CYP3A,

In vitro study

To prepare microsomes for the
inhibition study, four rats were induced by
phenobarbital, a selective inducing agent of
CYP2B1/2B2. Phenobarbital at a dosage of 80
mg/kg/day was administered intra-peritoneally
to rats for three days*®, Another group of four
rats was allowed to drink water supplemented
with 1% v/v acetone for seven days for
induction of liver CYP2EI*. Liver microsomes
were prepared from these animals as mentioned
above. To investigate the inhibition effect of
P. mirifica on CYPZB1/2B2 in vitro, various
concentrations of P. mirifica were prepared and
added concomitantly with benzyloxyresorufin in
the incubation mixture of benzyloxyresorufin
O-dealkylation as men-tioned above. The final
concentrations of P. mirifica 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. mirifica on CYP2El in vitro,
various concentrations of P. mirifica were added
concomitantly with aniline hydrochloride in the
incubation mixture of aniline 4-hydroxylation as
mentioned above. The final concentrations of P.
mirifica 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 compareiug the
rate of benzyloxyresorufin O-dealkylation or
aniline  4-hydroxylation at various con-
centrations of P. mirifica  with the cor-
responding rate of the reactions without
P. mirifica.

Statistics

All quantitative dala were presented as
mean * standard error of the mean (SEM). An
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independent /-test was used for statistical
comparisons between normal diet-fed versus
normal diet-fed supplemented with P. mirifica
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 ICsq values,
the percentage of inhibition was transformed to
probit units. The lincar regression method was
used to fit a curve between probit units and P.
mirifica concentrations in the reaction mixture
by using Sigma Plot software. The ICs, value
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was calculated from the linear regression
equation.

Resulis

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

P.  mirifica significantly decreased
hepatic microsomal total CYP content in normal
diet-fed rats but uot in high-cholesterol diet-fed
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Figure I Effect of P. mirifica on hepatic microsomal total CYP confents

The individual bar represents the mean of hepatic microsomal otal CYP content with an SEM error bar

(n=10

* p < 0.05; Normal diet-fed supplemented with P.
N = Normai diet-fed group N-PM
C = High-cholesterol diet-fed group  C-PM

mirifica group vs. normal diet-fed group
Normal diet-tfed supplemented with P, mirifica group
High-cholesterol diet-fed supplemented with

P. mirifica group

rats when compared to the corresponding diet-
fed rats without P. mirifica (Figure 1).

P. mirifica had no significant effect on
the rate of ethoxyresorufin O-dealkylation
(EROD, which represented CYP1A1 activities,
under either normal or high-cholesterol diet
conditions (Figure 2). Regarding the effects on
CYP1A2, P. mirifica significantly inhibited the
methoxyresorufin O-dealkylation (MROD] rate
in normal diet-fed rats but not in high-
cholesterol diet-fed rats (Figure 3). The rates of
both benzyloxy and pentoxyresorufiu O-
dealkylation (BROD and PROD, respectively),
representing CYP2B1/2B2  activities, were
significantly decreased by P. mirifica in both
normal diet-fed and high-cholesterol diet-fed
groups compared to their corresponding diet-fed
control  groups (Figure 4). P. mirifica
significantly decreased the rate of aniline 4-
hydroxylation (representing CYP2EL activity)
in vormal diet-fed rats, but did not affect this
reaction iu high cholesterol diet-fed rats (Figure
5). As for hyper-cholesterolemic effects, high-

cholesterol diet conditions caused decreased
CYP2ZE1 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 ip an in
vifro study

Consistent with the resnlts of the ex vivo
study (Figures 4 and 5), P. mirifica exhibited an
in vitro inhibition effect on CYP2B1/2B2 and
CYPZ2E1 in a dose-dependent manner with a
median inhibition concentration (ICsp) of 23.09
% wiv and 5.18% w/v, respectively (Figures 7
and 8).



26

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

EROD activiy

{pmotmg protein/min)

Figure 2 Effect of P. mirifica on hepatic microsomal EROD activity (CYPTAI activity)

The individual bar represents the mean EROD activity with an SEM error bar (n = 10)
N = Normal diet-fed group

N-PM = Normal diet-fed supplemented with P. mirifica proup

C = High-cholesterol] diet-fed group

C-PM = High-cholesterol diet-fed supplemented with P. mirifica group
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Figure 3 Effect of P. mirifica on hepatic microsomal MROD activity (CYP1 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. mirifica group vs. normal diet-fed group

N = Normal diet-fed group
N-PM = Normal diet-fed supplemented with P. mirifica group
C = High-cholesterol diet-fed group

C-PM = High-cholesterol diet-fed supplemented with P. mirifica group
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Figure 4 Effects of P. mirifica on hepatic microsomal BROD and PROD activity (CYP2B1&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. mirifica group

C = High-cholesterol diet-fed group

C-PM = High-cholesterol diet-fed supplemented with P. mirifica group
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Figure 8 Effect of P. mirifica on rate of aniline 4-hydroxylation (CYP2E] 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, mirifica group vs. normal diet-fed group

N = Normal diet-fed group
N-PM = Normal diet-fed supplemented with P. mirifica 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. mirifica on rate of erythromycin N-demethylation {CYP3A activity
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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. mirifica 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 fo
decrease serum cholesterol without any serious
toxic effects in a previous study’.
The cardiovascular advantages of phyto-
estrogens attributed to their hpid-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 uever 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 performed
using treated-rat livers for microsomal
preparations. Enzyme induction and some forms
of enzyme inhibition can be simultanecusly
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, CYP2ZB/2B2, and

CYP2ZE]l. Normally, CYPIA1/1A2, CYPZBU/
2B2, CYP2EL, and CYP3A are among the
CYPs that play a key role in carcinogenic and/or
mutagenic activation of many environmental
chemicals”***_ 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 biocactivation of xenobiotics)
are carcinogens. Inhibitory effects of P. mirifica
on CYP1AZ, CYP2B1/2B2, and CYP2EI1, 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 CYP1AZ,
CYP2ZB1&2B2, and CYP2E! implied that some
constituents in P. mirifica 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 CYPs™ as well as the metabolism of
genistein™. Both genistein and daidzein (or its
metabolite, equol) have been found to inhibit
CYPIAI/1A2 and CYP2ElQ using mice-liver
microsomes and  human-specific CYPs®.
Genistein has been shown to be metabolized by
CYP1A1/1A2, CYPIBI, and CYP2E1”.
Besides genistein and daidzein, puerarin
(another compound also found in P. mirifica)
has been shown to have an inhibitory effect on
CYPs such as CYP2ER, CYP2BI, and
CYP3A*. 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. mirifica 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 Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn University,
Nakhon Pathom 73000, Thailand

Abstract

The current status of newly developed polyethyleneglycol-coated liposome (PEG-liposome or
pegylated lyposomne) is described in this review. Liposomes have demonstrated considerable promise as a
carrier for delivering drugs in vive. However, one drawback is that most liposomes intravenously injected
into animals are rapidly removed from the blood circulation by uptake primarily in the ceils of the
reticuloendothelial system (RES). It has been found that PEG-hposomes are not readily taken up by the
macrophages in the RES and hence remain in the circulation for a relatively tong period. Pharmacokinetic
analysis and therapeutic studies with tumor-bearing mice revealed that PEG-hposomes 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
couventional {nonpegylated) liposome-encapsulated doxorubicin or {ree doxorubicin. The toxicity of
Caelyx is dose- and schedule-dependent and well correlated with pharmacokinetic parameters. In this
review, we also discuss the different lipid ratios and lipid composition of PEG-liposome influences on the
pharmacokinetic, 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 made to
achieve good selectivity for targeted tumor cells
by preparing specialized carrier agents that are
therapeutically beneficial for anticancer therapy.
Among these, liposomes are the most studied
colloidal particles thns far applied in medicine —
particularly in antitumor therapy. Although they
were first described in the 1960s', only at the
beginning of the 1990s did the first therapeutic
liposomes appear on the market. The first-
generation liposomes (conventional liposomes)
comprised a liposome-containing amphotericin
B, AmBisonie nsed as an antifnngal drug2 and
TLC D-99 (Myocet® Elan Pharma Int,
Princeton, NJ, USA), a doxorubicin-contaiming
liposome, used in clinical trials to freat
metastatic  breast cancer’. The second-
generation liposomes (pure lipid approach) were
long-circulating liposomes, such as
Daunoxome, a daunocrubicin-containing
liposome approved in the United States and
Enrope to treat AIDS-related Kaposi's sarcoma’.
The third-generation liposomes were surface-
modified liposomes with gangliosides or sialic
acid, which can evade the immuue system
responsible for removing liposomes from
circnlation’. The fonrth-generation Hposomes,
pegylated liposomal doxorubicin  (Doxil®:
ALZA Corporation, Palo Alto, CA, also known
as Caelyx®: Schering-Plough, Madisou, NJ,
USA; and Lipo-Dox®. TTY Biopharm
Compauy, Lid, Taiwan), were called "steaith
liposomes” because of their ability to evade
removal from the circuiation by the immnne
system®. Several clinical stndies didn’t support
the use of conventional liposomes in cancer
treatment’ . Although it’s still not clear whether
such liposomes can be of henefit in cancer
therapy, it has been demonstrated that small,
stable liposomes can passively target several
different tumors”® because they can circulate
for prolonged periods and extravasate into
tissues with enhanced vascular permeability'".

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 redncing toxicity and side
effects of the encapsulated materials ~ all of
which result in enhanced clinical efficacy of the
drugs. One aitractive application of liposomes is
for cancer chemotherapy, since most anticancer
drugs are very toxic to normal as well as fo
tumor cells. Therefore, liposomes would be
quite a useful carrier if they conld be targeted to
the appropriate site,

In this review, we describe and discuss: (1)

long-circulating liposomes; (2) passive tarpeting
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of long-circnlating liposomes to seolid tumor
tissnes; (3) pegylated liposomal doxolubicin,
and {4) a compariscn of the different lipid ratios
and lipid composition of PEG-liposome
infinences on pharmacokinetics, biodistribution,
therapeutic activity, and toxicity (Doxil/Caelyx
vs Lipo-Dox). We focns especially on the factor
determining the toxicity of PEG-liposomal
doxorubicin formulations.

1. Long-circulating lipesomes

The tendency for liposomes to be trapped
by the reticuloendothelial system (RES) is very
usefn] for passive targeting of hiposomes 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
liposomes is considered, liposomal formulation
or strategies for avoiding RES-trapping wonld
be essential. Since the RES is responsible for
iunch of the clearance of liposomes from the
circniation, reducing RES-trapping of liposomes

endows them with long-circnlating
characteristics — thus the term “loug-circulating
liposomes”.

Couventional liposomes are opsonized by
plasma proteins and trapped by the RES,
To avoid or reduce RES-trapping of liposomes,
two major approaches have been considered'?,
The first approach designs liposomes that mimic
blood cells in the circufation and rednce the host
recognition of liposomes as foreign substances.
Another approach aims to rednce opsonization
of liposomes by increasing the hydrophilicity of
the liposomal surface. To avoid RES-trapping
of liposomes, a great deal of research has
examined liposomal formulations based on
stability and the liposome clearance rate,
Snbsequently, small, less-fluid liposomes were
revealed to be suitable among conventional
formulatious without specially meodifying the
surface with polyethyleue glycol or other
residues. Liposomes composed of saturated
phospholipids  such as  distearoyl-phos-
phatidylcholine (DSPC) and cholesterof (Cho)
have been shown to be stable in plasma and are
retained longer in the circulation'. Liposomes
containing sphingomyelin (SM) have similar
characteristics. In both cases, small, less-fluid
liposomes have a fonger 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 atiempted. Allen
and coworkers first reported that modifying
liposomes with monosialoganglioside (GM1)
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prolonged their circulation time in mice'. The
effect of lipid composition, including GM1 lipo-
somes, on the tissue distribution of liposomes in
normal mice was exantined by Gabizon®. Even a
small change in {iposome formulation caused a
significant increase in circulation fime, resulting
in up to more than a 200-fold difference in the
RES/blood ratio. Several other glycolipids
(either alone or in combination with GM1) were
tested to see if they could decrease the RES
uptake of liposomes after IV injection. Only
GM1 was cffective in significantly increasing
the blood/RES ratio'® and liposomes with a
diameter ranging from 90 nm to 200 nn were
retained longer in the blood of normal mice’®.
Unfortunately, the effect of GM1 on the RES-
trapping of liposomes was observed only in
mice. In fact, GM1-modified liposomes didn’t
show any long-circulating activity in rats'or
rabbits'®.

In 1989, liposomes modified with a
glocuronic  acid  derivative,  palmityl-D-
glucuronide (PGlcUA), were shown to cause
long circulation times in the bloodstreams of
both rats and mice'. Glucuronic acid was
chosen as a liposome 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 macrophages were also reduced
by modifying liposomes with PGIcUA®. In the
1990s another approach for preparing long-
circulating  liposomes  was  successtully
employed 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 method for modifying
liposomes with them. Furthermore, 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 modified with
PEG showed long-circulating characteristics”"”
A hydrophilic surface layer of liposomes may
reduce opsonization by plasma proteins and
recognition by the RES. In fact, opsonization of
liposomes by complements™ and other plasma
proteins as well as interaction of Hposomes with
macrophages” were suppressed by PEG
coating.

Various PEG derivatives were
synthesized, and the effect of these derivatives
on liposomal citculation was determined.
Incorporating 10% PEG (1900)-DSPE mto
liposomes composed of saturated phospholipids
such as DSPC/Cho or SM/PC/Cho resulted in
substantially elevated hlood 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/Cho®. 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 groups®. This

is differeni from GM1 Lposomes, since
GMIl1liposomes composed of unsaturated
phospholipids did not show as high a blood/RES
ratio as liposomes composed of GMI1 and
saturated phospholipid527.

2. Passive ftargeting of Ilong-circulating
liposomes to solid tumors

Passive targeting is a methodology that
increases the target/non-farget ratios of
delivered drugs by adjusting the physical and
chemical properties of the carriers to
physiological and histological characteristics of
the target and non-target tissues, organs, and
cells. Passive targeting can be achieved by
minimizing nonspecific interactions with and
delivery to non-target organs, tissues, and cells
as well as maximizing delivery Lo the target.

Maeda et al, 1986 presented a new
concept of targeting drugs to solid tumors using
a passive-targeting mechanism?. The concept is
called the “enhanced permeability and retention
effect” (EPR effect) ®. Cancer and inflame-
matory tissues have various common vascular
mediators, such as nitric oxide (NO}, bradvkinm
(BK), and prostaglandins (PGs); their most
predominant 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
macromolecular or polymeric substances as well
as lipid formulation (liposomes, micelles).
Recovery of these macromolecules extra-
vasated into the inferstitial tissues of tumors
moves very slowly and takes a prolonged
period, while in normal tissues these
macromolecules are cleared more rapidly’®. 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 turnor tissue and back into
blood  circulation than  macromolecular
compounds, Therefore, enhanced accumuiation
at tumor tissues is prominent only for
macromolecules, The lymphatic drainage
system doesn’t operate effectively in tumor
tissues, and macromolecules are retained and
accumuiate 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 polymers must fulfill two requirements
to avoid nonspecific capture at nontumor sites:
First, they must be of appropriate size or
molecular weight. Carrier diameters must be
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smalier than 200 nm to allow them to evade
RES uptake’’. A molecule with a molecular
weight of about 40,000 or less is subjected to
glomerular filtration in the kidney and rapidly
disappears from the circulation™. Thus
molecular weights above a critical value
(40,000) are favorable for evading renal
filtration. Second, carrier polymers shouldn’t
atlow strong interactions with or uptake by
normal organs. This characterislic is typically
seen for cationic and hydrophobic polymers™.
These requirements are effectively achieved in
long-circulating fiposome carrier systems as
described below,

3. Pegylated lipesomal doxolubicin (PLD)

Doxorubicin is the best known and most
widely used member of the anthracychne
antibiotic group of anticancer agents. It was first
intreduced in the 1970s and has since become
one of the most commonly used drugs for
treating both hematological and solid tumors.
The therapy-limiting toxicity for this drug 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/m*
will experience this condition. An approach to
ameliorating doxorubicin-related toxicity is to
use drug carriers  that  change  the
pharmacological distribution of the drug,
resufting in reduced drug levels in the heart.
Examples of these carrier systems include Hpid-
based (liposome) formulations that improve
doxorubicin  biodistribution,  with  two
formulations approved for climical use.
Preclinical (animal) and clinical (human) studies
showing that liposomes 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 compartmeut into the extravascular space
surrounding the tumor cells”'. 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 diug, 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 glycol (PEG)-coated
liposomes (pegylated or stealth liposomes) are
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stable, long-civculating drug carners useful for
delivering doxorubicin to solid tumor sites.
Unlike conventional lposomes, pegylated
liposomes are less extensively taken up by RES
cells and have a reduced tendency to leak drug
while in civculation. The pharmacokinetics of
PEG lLiposome-encapsnlated doxorubicin are
characterized by an extremely long circulating
half-life, slow plasma clearance, and a reduced
volume of distribuiion when compared with
conventional liposomal doxorubicin or free
doxorubicin, Preclinical studies demon-strated
one- or two-phase plasma con-centration-time
profiles. Most of the drug is cleared with an
elimination half-life of 20-30 hours. The volume
of distribution is close to the blood volume, and
the area under the concentration-time curve
(AUC) is sixty times greater than for free
doxorubicin. Studies of tissue distribulion
indicated preferential accumulation in various
implanted tumors and human tumor xenografts,
with greater drug concentrations in the tamor
than with free drug. Chnical studies of
pegytated 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
pharmacokinetic profile in humans at doses
between 10 and 80 mg/m” is simifar 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/m’® 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 option”. In agreement with the
prechnical findings, the ability of pegylated
liposomes fto exiravasate through the leaky
vasculature of tumors, as well as their extended
circulation time, results iu enhanced delivery of
liposomat drugs and radiotracers to the tumor
site in cancer patients. There is evidence of
selective tumor uptake iu malignant effusions,
ARKS skin lesious, and a variety of solid
tumors. The toxicity profile of PLD is
characterized by dose-Hmiting mucosal and
cutaneous toxicities, mild myelo-suppression,
decreased cardiotoxicity versus free
doxorubicin, and minimal alopecia. The
mucocutaneous toxicities such as palmar-plantar
erythrodysesthesia (PPE) and mucositis or
stomatilis are dose-limiting toxicity (DLT) per
injection; however, the redoced cardiotoxicity
allows a larger cumulative dose than that
acceptable for free doxorubicin. Therefore, the
rationale for using PLD in solid tumors may be
summarized thus: change in the toxicity profile
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with less acute adverse effects (such as nausea
and vomiting) and reduced incidence of
alopecia; greater activity in highly angiogenic
mmors {such as Kaposi's sarcoma); and
effective treatment of fumors moderately
sensitive to doxorubicin {such as breast and
ovarian carcinomas), with possibie increased
tunior response due to enhanced drug
accumnlation. PLD also appeared to be less
myelotoxic than doxorubicin. Typical forms of
associated toxicity are acufe infusion reaction,
nmucositis, and PPE, which occur especially at
high doses or with short dosing intervals®. PPE
primarily affects the palms of the hands and the
soles of the feef. Patients who develop PPE
experience erythema and edema that can lead to
blistering desquamation il the next dose is not
delayed or reduced.

The current hypothesis for developing PPE
is that the small size (100-nm diameter) and
long circulation time of PLD (& ,, 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 liposomes
slowly release their contents. This hypothesis is
further supported by the observation that
Myocet ({auother liposome formulation of
doxorubicin) doesn’t produce PPE and has
myelo-suppression as its dose-limiting toxicity.
Myocet differs from Doxil in having a larger
mean diameter (160 nm vs 100 nm), a shorter
plasma ty, (6.7 vs 45.2 h), and a larger volume
of distribution (18.8 vs 4 liters) **, Thus, PLD
tepresents a new class of chemotherapy delivery
system that may significantly improve the
therapeutic index of doxorubicin.

4. Doxil/Caelyx versus Lipo-Dox

Actually, the first PLD on the market was
Caelyx/Doxil (Schering-Plough, Madison, NI,
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 PEG-DSPE in a molar ratio of 56:39:5%. On
the other hand, the lipid composition of Lipo-
Dox is disearoyl phosplatidylcholine (DSPC),
cholesterol (Cho), and PEG-DSPE in a molar
ratio of 3,0:2.0:0.3*°. 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 instcad of HSPC (Table 1). The
pharmacokineiic parameters of both PLD were
compared and are shown in Table 2> Twenty-
six patients with recurrent or metastatic solid
tumors were studied with Lipo-Dox. A
minimum of three patients were cenrolled per
dose level, except that the first nine patients
were all entered at a dose of 30 mg/m’ every
three weeks. All patients receiving one or more
courses of PLD were evaluated for toxicity. The
inifial concentration and the AUC were dose-
dependent, but the B, Vss, and the clearance
were dose-independent. Lipo-Dox had a
smaller volume of distribution (Vss), a longer
Bin, 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/m’, its plasma AUC is
approximately twice that of Doxil **,

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, vomiting, or alopecia.

In the phase II trial of Doxil in patients
with metastatic breast cancer (MBC), both
grades 3 and 4 neutropenia and stomatitis
occurred in only 10% of cycles (27% and 32%
of patients respectively)''. The incidence of
grade 3/4 skin toxicity (PPE) at a dose of 60
mg/m’ every three weeks occurred in 25%
cycles (54% of patients) and was greatly
rednced at doses of 45 mg/m” every four weeks,
affecting only 5% of 126 treatment cycles (16%
of patients). However, in the phase I Lipo-Dox
study on a schedule of every three weeks™
grade 3/4 leucopemia began to occur at 30
mg/m” and affected 30% of cycles at 45 mg/m*
and 25% of cycles at 50 mg/m®. Unfortunately,
stomatiiis became the new dose-limiting toxicity
(DLT) of Lipo-Dox. Stomatitis was common af
doses as low as 30 mg/m® and increased in
severity and frequency with incremental dose
increases. Stomatitis as the DLT stopped the
dose escalation for Doxil at 80 mg/m* — much
higher than the 50 mg/m® with Lipo-Dox".
Therefore, it was concluded that the dose-
limiting toxicity shified from neutropenia with
conventional liposome doxorubicin (Myocet) to
PPE with Doxil and to stomatitis with Lipo-Dox
as the AUC increased”. This comparison
indicated that prolonging plasma stability of
PLD such as Lipo-Dox may not be efficacious
considering the increased stomatitis and the
reduced achievable dose intensity.
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Table 1 Characteristics of Doxil/Caelyx and Lipo-Dox

Lipo-Dox

Boxil/Caelyx

Drug

Lipid composition
{Lipid ratio)
Liposome size

Liposome fype

Deoxorubicin HCI

DSPC: Cho: DSPE-PEG2000
(3:2:0.3)

~104 nm

Small unilamellar vesicles (8UV)

Poxorubicin HCI

HSPC: Cho: DSPE-FEG2000

(56:39:5)

~100 nm

Small unilamellar vesicles (SUV)

Half-life 69 hours 46 hours
Table 2 Comparison of pharmacokinetic parameters “%
Lipo-Dox Doxil/Caelyx

Parameters (mg/mz) (mg/mz)

30 40 50 25 50
Co (mg/L) 17 23.2 26.8 12.6 21.2
i 6.2 6.8 5.4 3.2 1.4
Bip 59.3 70.9 69.3 45.2 459
AUC (mg.h/L) 1124 1786 2115 609 902
Residence time (h) §2.2 97.9 97.5 62.7 65.0
Clearance (L/h) 0.03 0.023 0.025 0.68 6,09
Voo (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; ocyp: alpha half-life; B.: beta half life.

Conclusion activity
Polyethylene glycol (PEG)-coated
liposomes are stable, long-circulating drug

and toxicity

doxorubicin formulations.

39

of PEG-liposomal

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
liposomal doxorubicin. A clinical (rial is
required to determine the best therapeutic
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REVIEWS

Pharmacology of the Fluoroguinelones: 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
fluorogquinolones 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 pharmacokinetic 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: fluoroguinolones, antimicrobial activity, pharmacokinetic,
adverse effect
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ASABUT  fluoroquinolones 1ﬁﬁ€]ﬂ§(ﬂiﬂﬂﬂqn
HUARGBBUATUUIN (190 S, prewmoniae) WRMNS
WINTHY8Y  fluoroquinolones  AMEIAVYBINTG

ar

Ly = 5-9,18-22
AHLAZATH N NTATUYA YN
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PIU#AR

= =i L w e e a
UUNONTNUANANNUAIU (A1T1HN 2)

PLY I

1 1 i A
Ui 1: Nalidixic acid lifhfiflenldlu
LY 2 s el ¥ g
ilgtwdosnignihun  Tunisauare
-

puaniSsunsuauuenanunngzate lilgau
v i ¥y =3 4 o= 14
AN 093190 T eaunda liilse@ns nw Tud

Tunmsinw systemic infection””

1
L]

Juit 2 SugninseunquuuaiSoun
SUAUINAY (TAUtAWIZ acrobic gram-negative
bacilli) TgnidmnuaiGounsuuanidh
(Tagtamz S preumoniae) LLﬁiﬁﬁQﬁﬂﬂ%{ﬁWﬁ'ﬂj
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fluoroquincione Almlszdn fﬁmwaﬁqﬂﬁﬂﬁ A

. 5,8
P aerugmoesd

preumonige  WUATHUUIT UDNIMNUITUHNGNT
o A L 5 1 Looa
ATUGELANITSUNTUDINALUY 1YY sparfloxacin U
£y = a Yt =W /¢

gniauLanGounsuunlaa ualidedunislu
flaytiurioanniiiiiinems il sasd

. .S g w
(phetotoxicity uaz QT prolongation ndludunse

==
HIHIN}

uundGounsyay  Inddeeiuensuil  adalsn
awennesialuguinififaens ifale-
¥
|
!
anaerobic bacteria IAAUAZIYTEANTNINAILIUNIT
§NY1 anaerobic infections U1
hepatotoxicity I8¢  newro-
toxicity) - Levotloxacin (fJTa;'u‘ﬁ 3} uazm‘lu;'uﬁ 4
(moxifloxacin, gatifloxacin UAY  gemifloxacin)
Toniamuuafionnsumin (9 penicillin-
resistant 8. pmeumonice, S aureus MR

Vo oA
Taannenlugudu

enterococcus  strains)
: @ = &y @
UBNIINIUENTGNFATY intraceliular pathogens 19
7 lnamw1z Chlamydia pneumoniae, Mycoplasma
£
pneumoniae @Ay Legionclla pnemnophila18 3T
Mycobacterium  tuberculosis  Fluoroquinolones
[ v ar = 1l nd .
awnanildsunsmsinsanidy 2" line
. =19 ' o
antituberculous agents ua:mam“[%"!unwmy‘l
= J 4 1
TsnAaean M. berculosis NAoAD 1°-line
i 1 =] ¥ 9 ] e
agents (H11iu e lsfinwudedesusaniulufe

‘{y H 1 . R
ﬁﬂﬂ%ﬂ‘lu P aeruginosa $10N (;1prf.)ﬂm¢;acm8
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. . o ¥ =y
Gemifloxacin (E’J"Ij"l«l‘ﬁ 4)  Tigniau - S pathogens WU C. prewmoniae, M. pneumoniae

o wd . . S IC LV ST
prneumoniae  VIADAD  penicillins 1A% macrolides way L. preumophila nnaldna landaioung

=] ' 1A =L e ¥ - 19
andieguen  wecldszansnmgalumsd sEuUnIuAume e

uupfBeunsuay  uay  atypical  respiretory

= . . P s 58.18-22
1919 2 Antibacterial activities of quinolones

T Gram- Gram- Mycoplasma Anaerobes Mycobacteria
Generation negative | positive Chlamydia
Legionella
First | Nalidixic acid ++ - - - B
Ofloxacin +++ ++ ++
Second | Ciprofloxacin ++++ ++ ++ - ++
[ +++ + -
Third
R +++ +++ +++ - 4+
Fourth | Gatifloxacin +++ + ++
Moxifloxacin +++ ++++ ++++ ++ 4+
Gemifloxacin J o+ ++ ++

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

mfﬁrwnmtm‘;( harmacodynamics)
qw%{ﬁmi}a%wmm fluoroquinolones
ulsiuTrensarua iyt uye (con-
centration-dependent) meﬁ’dﬂdﬁﬂﬂ#ﬂgmﬂﬁﬁﬂm
gniueenIng unteuaz hidnsoasaanue
mﬁﬂagi“luﬁ'nmn (postantibiotic effect/PAE n3o
persistent effect) Iﬂﬁl‘f;‘?‘lﬂ fluoroquinolones i
PAE 15zuia 055 52 Tua ﬁuaéﬁwﬁmmm,
(pathogens), smenlusion  uasszozrati
31900 185087 24-hour AUC/MIC ratio (AUC
= area under curve Ua¥ MIC = minimum inhibitory
concentration) Hi® the area under the inhibitory
curve  (AUIC) ifuAtiAmsanmnaudaniug

s nudutuvesniunseuadon  (phar-

macokinetics)

o
uazgnEAIUIATHIBA fluoroquinolones (pharma-
) 1 ! [
codynamics) RILTEN (parameter) Al u
‘ﬂl F d"d = =Y

wInfignlunsuadnalazdninmvasguas

W s dl’ 4 .
9IANTININMIADMUBIN1 1Y fluoroquinolones T
)1 A 1 1 W o
dilhe  demnnuian AUIC  wilsenduny

sy L4 { ] ] i
giiamsaivesnisase lagwud A1 AUIC Hgans

Y wa ¢ 4 5 24 - ]
Thgiamsainisfenidl TN
fluoroquinolones ﬁiﬁﬂ FEANTHA (18] {(high
efficacy) Tunsiiu gramnegative bacilli 1oz

F

grampositive pheumococei Lmﬂﬁqﬂﬂﬂﬁn{m‘iﬁﬂ
81871 71953 24-hour AUC/MIC ratios > 100 1 >
30 mudRy’  o1gulu 1Y moxifloxacin ung
gemifloxacin  dnsalfaidenalumsfiie

wuRdiise  (¥u S preumonice WDT L.

preumoph r'fa)25
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8,26-32

Fluoto- Serum peak AUC,, HL. (h) Renal Protein Bio-
quinolones (ug/ml) (g.h/ml) excrefion binding availability
{%unchange) (%) (%)
Norfloxacin 0.8 (200 mg) 3.5-5 26-40 15 30-40
1.5 (400 mg) 5.4 (400 mg)
Enoxacin 0.8 (200 mg) 3-6 40-60 40-60 90
2 (400 mg) 16 (400 mg)
Ofioxacin 1.5 (200 mg) 14.1 (200 mg) 5-7 70-95 25-40 90-98
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) 3-5 30-40 20-40 70-85
2.4 (500 mg) 11.6 (500 mg)
4.3 (750 mg) 20.2 (750 mg)
541 g 30(1g)
Lomefloxacin 1.4 (200 mg) 10.9 (200 mg) g 60-80 10 95-98
3.2 (400 mg) 26.1 (400 mg)
Levofloxacin | 2 8 (250 mg) 27.2 (250 mg) 5-7 79-87 47-50 99
. 5.1{500 mg) 47.9 (500 mg)
Gatifloxacin | 2.4 200 mg) | 16.8 (200 mg) 7-8 72 20 96-98
4.2 (400 mg) 35 (400 mg)
Moxifloxacin | 3.4.5 (400 mg) | 48 9-12 20 45-50 86-92
Gemifloxacin | 15(320mg) | 9.3 6-8 20-40 60-70 70

ar d
(NTBIANATANT ( harmacokinetics)
sausawegl Aluarsedi 3z
ﬂ'li(ﬂﬂﬁu (absorption)
I~ <5 Y '
sgnaadulumaduoms 98 ueun
tieonana1afiumusiavedw1 Norfloxacin Qngn
Fulumaduems Wdeahige (lszana Yovaz
30-40) Tuvmizh ofloxacin Uag fluoroquinolones
';'u“Lmi 1374 levofloxacin U@ gatifloxacm Qﬂﬂfﬂﬂd]ﬁl
lawnndenaz 90 (norfloxacin < ofloxacin <
levofloxacin)™ 81113 ldAuemIgadues
fluoroquino-lones ?I"’J‘I-.Iclﬂﬂﬁi A fluorequinolones
WMURATNAY cations 199 nRaiey tuntidoy
= < o A oy B .
DRINUAN  LHANILASTNS (il cation-quinolone
& o = v 2
complex ‘]Nﬂ"lll'liﬂ'ﬂﬂ‘ﬂ’JNﬂ’!‘jﬂﬂ"‘HMﬂIﬂﬂU'l‘lﬂ B
H ar =) Aa
"lilﬂ’]ﬁ'iﬂﬂiz'ﬂ'luEﬂ“r"i'liﬂﬁﬂfﬂ‘ﬂllﬁﬂuﬂﬁiﬁlﬂd
cations AINATI H’

26
h

Manszansa (distribution)

mmjmfﬁ’uﬁ'uiﬂﬁu {protein binding)
Twdsantosuandreiulugialszunafeuay
10-70

norfloxacin, lomefloxacin  MAT  gati-

. & ar 1 5/ .
floxacin AU TUsAW AABLdades uaY gemi-

sufuTsau e heumau™

floxacin
Fluoroquimolones fhuimj pntdu  norfloxacin
nsz1elldma 199109719188 (high volumes
of distribution) WU norfloxacin MIzauoiy
iHoagaliifoanslun1siny systemic infection
Falvouallun1s a1 winary tract infection
(UTI), gastrointestinal tract infection 1A% sexually
¥ ¥
transmitted diseases (M11Iu* TIULTAILATHUDY
o P 1
ciprofloxacin ttluduiniimsnszoelilgduan
. =3 o g X 3
yoesumonazinrazaylumaditiahoanala
= 28 El & S a
A’ wumsnszwea lwden, 1@, IEUU
aaunela, szvumaAuilaazuazaoy

&
GANLIN HAZTEUUNNIANDIMIS Astiueguiny
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=5 ¥ ar ¥ 3 ar =
Wl szauanududuganelumssnulnda

3 1
dmduanmiaanszanmaauilaa e 1a”

M3NDAYT (elimination)
o  ar = d? yr:: = [
maftasuiadu 1dnen lanazdu
o InaiumalalugdiduTeensasdiuni
nela (glomerular filtration) WAYIUDONNIAND
i (tubular secretion) L@l fluoroquinolones 1119
o - A 9 w
siavzgnaffsumlaidunauuariegnivean
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Tulaanz  dodussifuvinanludileiil
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WHUDIET" Ofloxacin, levofloxacin, lometloxacin

oo [~ ]
iz gatifloxacin gaswasenna ladudam

v (>70%) @1 nalidixic acid, pefloxacin,
p

vafloxaci

1,22
Fiuoro-

quinolones UAMTFIN (halt-ite)  UANANAY

31,33

T ) ¥
Uszanes 1.5 014 16 42T (113199 3) Aaiuse

asldrmng 12130 24 49T orluguit 2
(w'u norfloxacin, ofloxacin L& ciprofloxacin) T
ﬂ?ﬁ?ﬂf%unﬁmﬂuéuﬁ 3 uag 4 (WU levo-
moxifloxacin U

floxacin, gatifloxacin,

ke
gemifloxacin) 3915 115035u Inad fumz 1 a5 18"

FDA approved indications™*

AMZNITUMIDINISUAZET  (Food  and

. . P=1 Q ¥ 3
Drug Administration: FDA) 1atimsfmuadaiald
Tun1siNE1U89INgH fluoroquinolones HABZUUIM

Wa o < o
Tiasnuaaalusisien 4 Asdl

a3 4 Fovaldluns3nurveaengs fluerequinelones Mrualag FDA

Site Cipro- Enoxa- Gati-
floxacin cin floxacin

Levo-
floxacin

Lome-
floxacin

Moxi-
floxacin

Norfloxa-
¢in

Urinary Tract X X X
Lower
Respiratory
Tract

Bone and Joint
Infectious
Diarrhea

Skin & Skin
Structure
Sexually
Transmitted
Diseases
Prostatitis

X

unlabeled

X X

C T A

unlabeled

Pelvic
Inflammatory
Disease
Acute Sinusitis X X

Intra- X
Abdominal
Infections

Typhoid Fever X
Pyelo-nephritis

X

X

unlabeled

X

X

X

Ofloxa-

Moo oM X
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Tasaadrendendeiuoniungy  quinolones  (na-

C e . . . 3t P

lidixic acid, cinoxacin} azﬁiamﬁuwmmmuauq

) 1 d:vl @

Tunguilimsuriy

Carcinogenicity/Tumorigenicity: syl

] ¥

dainaaasdiulug hivuaimndmsenisinauile
o a1 ar

90013 0uz15991NM15 19 fluoroquinolones AnADHL

o T o 4 ar o

Wuszoznaninu eslsnauumndairsainge e

5 tde 1w d E

015 I nquilanaoiuilussoziam fednn

e r S Yo . .

u ! ';T‘IENTL.IWU?1HHWHE}ENTII]WE‘]J gatitloxacin

- Ve o

YUIAGA (100 my/kg/day) Faaaiidlunaium 21

=5 sy o =

Mqﬂﬂﬂﬁmmﬁi‘iﬂ large granular lymphocytic

= o ar

W
leukemia g9TupLTTT ATy

&

3gnancy55: fluoroquinolones YAYUIU %ﬂagj“lu

g o '
FDA Pregnancy Category C Faunndnsifesn
o o P o Py A
sziiase i lundinsn s snuasnar 19 lunsaif
o o ' 3 = 1w e 9 Qs (=4
Fwihuriniy Badiiehifidoyadau  udiing
o = 1
msann tudainaaesnanvilawuinms 9
td 1
nguilidnuneaioaiuniang  arthropathy  lu
] 2
danaanenfiidsdanssa Breast-feeding” :
ciprofloxacin, ofloxacin MAZ sparfioxacin HIUM
F
dmnllmanld uade lufseanida dimsy
. ) L w o o g
fluoroguinolones  YHIUEU WUNTATNNADIAEIL
o A Ve 1 dyd & oy
davoun lafunnguitiie msGuduses  arthro-
3/ 3 = = Y
pathy {7 WU esn s wan@asms Iduuyas
. . 56 o [ = [ o
ftatrics™ falifimsanueddaau lunu
' ¥ A Ay P - o
UANRTIUABINADITEIAD  arthropathy 91

daanassmiunliarld fluoroquinolones Tu

]
A

B o @ 1 e M ' < L]
glhadnuazdeguiiiogand 18 U udnadiindl
w

o_ o ) Qs
anusuiludaoaldn a7 1 lusyeznardu
] . a1
Geriatries™: Dausin fluoroquinolones VTR
= Y ] o o
Mlaeanudmiudibagsoguanwndnzseda-
ar - 14 o [}
slamafneIns lWNedsseasd 19U tendon

rupture, tendonitis, CNS (central nervous system)

disorder (L“]}”Li hallucination}

Adverse effects of fluoroguinolones
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TR ol ¥ s
215 Winslsemad Awutasainn s laemn
AN flusroguinolones TALA D1BRITTZIHAT,
ainlderdou, hnynuindes, Goudsee, 1
] In o s
Asvz wu'lddszunn 1-5% ue luduiudoainmn
v & o qi
AILMSHYAB UBN1INUULI adverse effects W1
#lajtion uplinnudgnadinmiding
al A Am ¥ [} =Y o at
SUATIEBAR 19 11U AANE Wesszuuale
uazwaamﬁaﬂ (cardiovascular sytem/CVS disorder)
nagszlsyemaiunala (CNS disorder) 19U
4n 3 fluoroguinolones UNYNIUGNADUBENDIN

3 & o 0§ ¥ = e ol
Faamarariiasaindildinanins liwalszaand

14 a e
8In15 a5z aand1en YOIINgU N
ar as o w 3 = g
anyduiuiiulnswimanlvesn  deagy
P lumsien 5
1.8 d T L) -
a1mﬁ"lu‘waﬂszmﬂmszuum‘lmmzmaﬂmaﬂ:
18un arzamduTanad1 (hypotension), ludhu
{palpitation), Wiladuiadivae (cardiac
arthythmia) 9INA1% QTc interval prolongation
¥ 1
1Az torsades de pointes ¥4AGY fiuoroquinolones Ml
M ldAane QTc interval prolongation @z
k4 1
torsades de pointes NN fluoroquinolones ainln
AN QTec interval prolongation 2% torsades de
. FY = v d ' '
pointes 1@ AUTBNIUTI class effect MAHIIA
o - a - A
azwmiwmmmw‘luﬂmﬂﬂmnuaﬂmqﬂmuﬂu
B W
Inseadgveteuitosnnadiuds HERG  (human
ether-a’-go-go-related gene)-encoded rapid
compe at  of delayed rectifier  potassium
current/channel (I} filMiRamazauves
. ¢ 9 d 0 q % )
potassium  1Haanauiionaly Wl¥  cardiac
¥
action potential mﬂuﬁwz depolarization TRLTEY

aw1 nau Wil (BkG) Tdnuuzisly
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maafl 5 nguumuidassadamdnveeniiliideeimslifialszaan™

gralpsadne

wimnnhiven)

' y ¥ 'Y A0 qwa ) da o w
(rgummdiluinssah andnveseniinlifemmabifalszasnGesidu

g liRalszaed

¥4 pyrrolidinyl

substituent piperazinyl

- X8 CF>CCl> >CH

- C-7: piperazinyl > pyrrolidinyl >> substituent piperzinyl

- C-7: pyrrolidinyl > piperazinyl > substituent pyrrolidinyl >

- aphthyridone nucleus (X-8 illu ) 1w nalidixic acid,

enoxacin, frovafloxacin usz gemifloxacin

szuinfszamaunmalasduiumi J
aminobutyric acid (GABA) wu ¥
mstiudanssrumsnliaran e
theophylline Milvifineintshifialsyaanne
szuulszormdaunaels
Ananiad (photetoxicity)

iRl szasiagsa

14
prolongation of QT¢ interval NIAAN1IZH
] A o g LY ! .
avdipaiuiunaniuiillg  premature  ventri-
cular contraction (PVC) U2 torsades de pointes Tu

ga Fan lddihodesia1d
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¥ 1
U (affinity) pazdude HERG-encoded 1, channel N
Ed
3 w o T
nduionale  Seildeudazauull  affinity
1 w o aren o = o ]
Mﬂﬂﬂ?ﬂﬂullﬁ%“ﬂﬁq’ﬂﬂﬂ?ﬁmﬂ']ﬂﬂﬂﬂ']')%ﬂﬂﬂﬁT]
1w ' ' Ad s roA
ARAY TAENLS HINDFUUALANA WML 5 (R)
g . .
11l methyl group (grepafloxacin) #38 amino group
¥
(sparfloxacin) 3 1HT affinity TumsSuuazduds
HERG-encoded 1, channel Aoudann uad R,
J=f ]
iy hydrogen group 191 ciprofloxacin, #30 amino
group (sparfloxacin) i lny affinity  lun15du
¥
iazdufis HERG-encoded I, channel TVLTRRPISE]
1 oy ¥
uAt R, 11 hydrogen group 1Y ciprofloxacin,
gemifloxacin, gatifloxacin, levofloxacin,
lomefloxacin, moxifloxacin, norfloxacin, ofloxacin
a Ll . s 1 a 3 ] ar
9z 1RY affinity Woan1 aaiy Hageszuualo
a = ¥ 5360
Larvaoamaaviwiisay
¥ = - N
adnlsiaw  Tenanmiin QTc  interval
4
prolongation £.91% torsades de pointes ﬂ?uﬂgﬁlﬂﬂﬂ{fﬂ

e 30 1dun ms lasuensufunguanivh 1

WANTIZ QTe interval prolongation 1A% torsades de
pointes, SIEERT] congenital long QT syndrome,

Usgdamudalndanaszuuale @ hyper-
trophic cardiomyopathy, myocardiai infarct-tion, 1
AuAAURAN I ATUINIS  (anorexia  nervosa,
starvation, alcoholism), cerebrovascular disorders
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disorder (17U DM, clectrolyte imbalance (58AU K+,

+ 24
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» 1
thyroidism) $48% obesity WBADIANUEIWLAI BT

q W Y
LR TSI LR EA AR

5]

Avanuas  (phototoxicity): Wi ldanns 14
= @y = H
fluoroquinolones YAUUIU iﬂuﬂgﬂsmmﬂmmﬂﬁu

{a o we o
AdImladagnnTEdUINLE ultraviolet guANTIw

AN D INUA ST DI INGHAAZY T B0 THERD
w
L 1

#41: sparfloxacin > enoxacin > ciprofloxacin >
norfloxacin, ofloxacin, levofloxacin, gatifloxacin,
moxifloxacin

mnﬁ"lﬂﬁaﬂixmﬁﬁa metaholic systemﬁl: lAun
hypoglycemia t8% hyperglycemia na'lnmsiia
hypoglycemia Lﬁﬂﬁﬂﬂﬂﬁﬁug\i ATP-sensitive K-
channels A fcell vosduson dewalding
ﬂﬁzé’umwé‘"d insulin 1A @una’lanisifia

hyperglycemia &4 luinsruida
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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
2001. It has a unique pharmacological profile of atypical antipsychotic drugs by
blocking 5-HT;4 and 5-HT,. in addition to blocking of D, receptors thereby exerting
antipsychotic effects equivalent to conventional and other atypical antipsychotic drugs
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-HT, 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;, and H; receptors and hence
exhibiting minimal anticholinergic effects and memory disturbances, 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, insulin 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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