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CSEARCH ARTICLES

Subchronic Exposure of Pueraria Mirifica in Normal-
and High Cholesterol Diet-fed Rats : Influence on Lipid
Profile and Toxicity

Kittiya Charoenkul', Laddawal Phivthong-ngam’, Supatra Srichairat’, Chaiyo Chaichantipyut’,
Nuansri Niwattisaiwong', Somsong Lawanprasert’

'Faculty of Pharmaceutical Sciences, Chulalongkorn University
*Faculty of Medicine, Srinakharinwirot University
*Faculty of Veterinary Sciences, Chulalongkorn University

Abstract

Pueraria mirifica Airy Shaw and Suvatabandhu, known locally as White Kwao Keur,
is a plant in family Leguminosae. In this study, effects of P.mirifica on serum lipid profile
and subchronic toxicity were investigated in male Wistar rats. Rats were randomly divided
into four treatment groups as foltowing: normal diet-fed group; normal diet-fed supplemented
with P.mirifica group; high cholesterol diet-fed group, high cholesterol diet-fed
supplemented with P.mirifica group. Each group comprised 10 rats. P.mirifica was
administered orally at a dosage of 100 mg/kg/day for 90 consecutive days. During the
treatment period, body weights of the animals were recorded every two weeks. At the end of
the treatment, rats were anesthesized. Blood sampies were collected by heart puncture and
serum sample were prepared for determination of hematology and clinical blood chemistry,
respectively. The results showed that body weight of rats given P.mirifica in either normal
diet or high cholesterol diet conditions were significantly lower than their corresponding
control groups. There was no significant difference of these following hematology and
clinical blood chemistry: hemoglobin, hematocrit, RBC morphology, WBC count,
% differential WBC, platelet count, glucose, BUN, SCr, total bilirubin, and direct bilirubin in
all experimental groups. P.mirifica did not affect serum level of AST, ALT, and ALP in
normal diet-fed condition. High cholesterol diet-fed condition caused a significant increase of
AST, ALT, and ALP but P mirifica attenuated these effects. P.mirifica significantly
decreased serum total cholesterol and LDL-C in either normal diet-fed or high cholesterol
diet-fed rats. Serum triglyceride was increased in normal diet-fed rats but decreased in high
cholesterol diet-fed rats. P.mirifica caused a significant decrease of HDL-C in both normal
and high cholesterol diet-fed rats whereas its improvement in the LDL-C/HDL-C ratio was
shown only in high cholesterol diet-fed rats. Although, P.mirifica demonstrated a benefit on
lipid profile and did not show any toxic effects on liver, kidney, and blood system in this
study, an increment of serum triglyceride in normal rat receiving P.mirifica, however, is not
favorable. Effects of P.mirifica at various doses, long term used as well as mechanism of the
effects should be further investigated.

Key words : P.mirifica, lipid profile, subchronic toxicity, normal diet-fed rat, high cholesterol
diet-fed rat.
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68 Kittiva Charoenkul

9o = 4 & o = v -
ﬂ”ﬁ'ilﬂﬁﬂﬂ?’]'}iﬂ'iaLLUUﬂ\?LSQSQTNWE%W?“lﬂSUQ1W’]?ﬂﬂmLkﬁgﬂ']ﬁ']s

ABDLIAGATANGN ; uasaszeuluauludon uazaatuiy

Aden wiyna', daaeTed Bmasny’, gaes allveie”, dely demyfingng’, wand TT6ded’

duns anvindseesy’

'aasndamans swanspluminenat
‘apsuwnemans s Ingnagaiuasunyilse
*apsdnawngenans aaensalvningsy
unAnta

AITIASDUN (Pueraria mirifica Airy Shaw and Suvatabandhu) tHuinlued Leguminosae ﬂ"luslﬁlﬁl‘ﬁ’
inmadnnuesssmsldFunmisiamuuuidsidesdulailuden  uasenudiuilumgnmes]
wufirnsilasuavnaunduazamnseanismeaioags Teauvmyemuuududly 4 ngu nguss 10 6
dail nguitldsuamsund, nduitldFuamsunduasnnueiann, nudldummseantsdieasangs
urenguRld UM IARBLIRMasaRgaUaAIaIm Tinieinluaing 100 fadndi/Alanu/u
Toeiatloumthn unm 90 fu vhmsfuhmiinmgrmn 2 Sleni ilsesuszazom ilinywue
enufan Rudadndaenmiile ieasemlataineuazuandiuasadefioddn wemmeaes
wrhnmwederlimadusaniminmysmdninguenuay  udliiinadaclafiainnuazaiad
adfingaaa Uil hemoglobin, hematocrit, RBC morphology, WBC count, %differential WBC, platelet
count, glucose, BUN, SCr, total bilirubin Wa¥ direct bilirubin N @3aw lufinadod AST, ALT uaz
ALP luiifumsanydldfusmsund ownaeaacdinasoagaiinainlsl AST, ALT uss ALP gausieh
ilanaadia i eonm nederilien total cholesterol waw LDL-C Tuuanasatnaiiviy
adnlunguitlasummsunfuacamsaaoisaansaags Tuoneialasnduaelafgiuashilmdny
TunguildFummaind wsifidhanadlunduilldfummsnanismansangs mmwdersinlien HDL-C
Tu#Suaactathaiifudhdnianguilldsuamsuniuaznmanaaisatneseags dsamaiuea LDL-C s
HDL-C ﬁmﬁ"lmaEi'Nﬁﬁﬂﬁwﬁnujmwwxlun'sjuﬁlﬁ%'ummﬁﬂaaﬁamasaagq SusHhnmuassrmasiivai
dudselemidamlusiuludsauarbifinafivlaq dosu lo wesszuuden wadlufeumsoues
mmeSeriiwudsiinaiinlasndwalsdlumgilduannsung  mshmsdnmndsluimaueimmiaie
amifhitnesia ) Hawasms ks lusseEaNY uasna InREesINENEeS (AT

MaAg : amuaiean, seaulunulubas, AvnaGed, wgmaﬁklm"%'umm'sﬂnﬁ, wgwnﬁlﬁ%’ummi

ARRLIHLADIBAN

Address correspondence and reprint requests to : Somsong Lawanprasert, Ph.D. Department of
Pharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330,
THAILAND. Tel : 02-2188324-5, e-mail: Lsomsong @ chula.ac.th



Thai J Pharmacol; Vol 27 No 2-3, May-Dec 2005.

Introduction

Pueraria mirifica Airy Shaw and
Suvatabandhu, known locally as “White
Kwao Keur”, is a plant in family Legu-
minosae. Several indications of this plant
were suggested for a traditional purpose
such as using for skin enrichment, thickening
and blackening hair, a relief of weakness, an
increase of appetite, treatment of i msomn]a
and breast enlargement in women'. These
uses of P.mirifica in traditional medicine
may be attributed to its estrogenic properties
of the constituents. Several previous studies
demonstrated that this plant possessed
various compounds including phyto-
estrogens, the compounds with estrogen-
like biological activity. Phytoestrogens
found in tuberous roots of P.mirifica
include miroestrol®, kwakhurin®, puerarin“,
coumestrol, daidzin, daidzein, mirificin’,
genistein, genistin® and deoxymiroestrol’.
Epidemiological studies showed that frequent
consumption of phytoestrogen rich diet, as
seen in traditional Asian food, is associated
with lower risks of many diseases such as
breast, prostate, and colon cancers as well
as cardiovascular diseases®>®, Several
studies suggested that genistein and
daidzein Eosscss cancer chemopreventive
effects'"'*'*"  of which the specific
mechanisms have not been clearly identified.
In vitro and in vivo studies found that
genistein exhibited ant]prollferatlve effects in
human breast cancer cells”. It also mhlbated
tyrosine specn" ic protein kinases'®, DNA
topoisomerase 1", epidermal growth factor
induced phOSPhatldyImOS!tO! turnover’” and
angiogenesis ~. In addition to the chemo-
preventive effects, isoflavone phytoestrogens,
genistein and daidzein, which are found
mostly in soy foods, also possess a benefit
in reducing risk of cardiovascular diseases
by a proposed hypothesis of decreasing of
total cholesterol, LDL-C, and triglyceride
but an increase of HDL-C in both normal
and hypercholesterolemic conditions®.
The cardioprotective effects of these
compounds may be attributed to its
estrogenic like-activity.

Effect of P.mirifica on lipid profile,
particularly in hypercholesterolemic condition,
which may contribute to its cardioprotective
potential have never been investigated. In
addition, there are few studies regarding
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the subchronic toxicity of P.mirifica®.
Therefore, the objectives of this study
were primarily to investigate subchronic
effects of P.mirifica on rat hematology
and clinical blood chemistry so as to
preliminarily investigate lipid-lowering
effects and subchronic toxicity of this plant in
both normal and hypercholesterolemic rats.

Materials and Methods

Animals

Adult male Wistar rats of body weight
between 200-250 g were obtained from
National Laboratory Animal Center, Mahidol
University, Salaya, Nakompathom. Rats were
housed two per cage at the Faculty of
Medicine, Srinakharinwirot University and
acclimatized for at least seven days prior to
the experimentation. They were 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
had high cholesterol diet containing 1%
cholesterol plus 2% sodium choleate. All
diets were purchased from C.P.company.

P.mirifica

Dried fine powder of P.mirifica
tuberous root was obtained from
Dr. Amphawan Apisariyakul at the
department of Pharmacology, Faculty of
Medicine, Chiang Mai University, Thailand.
P.mirifica used in this study was cultivated at
Aumpor Ban Tak and Mae Sod, Tak
Province and the tuberous roots were
collected during March and April, 2000,

The powder was identified for its
estrogenic activity by dissolving in water,
filtered and analyzed by immunoassay.
The result showed that the solution of
P.mirifica 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 m] of double distilled
water, mixed well, filtered out any remaining
fiber with cloth filter, During the time of
drawing the suspension into the gavage tube,
the suspension was thoroughly mixing by
magnetic stirrer
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Experimental model

Rats were randomly divided into
four treatment groups as following: normal
diet-fed group; normal diet-fed supplemented
with P.mirifica group; high cholestero}
diet-fed group; high cholesterol diet-fed
supplemented with P.mirifica group. Each
group comprised 10 rats. P.mirifica was
administered orally at a dosage of 100
mg/kg/day for 90 consecutive days. During
the treatment period, body weights of the
animals were recorded every two weeks.
At the end of the treatment, rats were
anesthesized. Blood samples were collected
by heart puncture and serum sample were
prepared for determination of hematology
and clinical blood chemistry, respectively.

Whole biood samples were determined
for complete blood count (CBC), white
biood cell (WBC) count, %differential
WBC, platelet count and red blood cell
(RBC) morphology. Serum samples were
determined for various blood clinical
biochemistry parameters using commercial
test kit of bioMericux company (France) as
following: glucose, blood urea nitrogen
(BUN), serum creatinine (SCr), aspartate
aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase
(ALP), triglyceride, and cholesterol. The
assays mentioned above were performed
by Faculty of Allied Health Sciences,
Chulalongkorn University,

Determination of total bilirubin and
direct bilirubin (using commercial test kit
of Merieux Vitex, France), high density
lipoprotein-cholesterol (HDL-C) and low
density lipoprotein-cholesterol (LDL-C) (using
commercial test kit of Roche company,
Germany) in serum were performed by Pro-
fessional Laboratory Management, Bangkok.

Statistics

All quantitative data were presented
as mean * SEM. An independent t-test
was used for statistical comparisons between
two groups (Normal diet-fed group
vs Normal diet-fed supplemented with
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P.mirifica group; High cholesterol djet-
fed group vs High cholesterol diet-fed
supplemented with P.mirifica group) at
significant level of P<0.05,

Resulis

1. General effects of P.mirifica

During the experimental period, five
rats (accounted for 50% of the total rats in
the group) from normal diet-fed supple-
mented with P.mirifica group and four rats
(account for 40% of the total rats in the
group) from high cholesterol diet-fed supple-
mented with P.mirifica group had hair loss.
No rats died at the end of the study.

Body weight gain of rats receiving
P.mirifica fed with either normal diet or
high cholesterol diet was significantly lower
than their corresponding control groups
(Figure 1). High cholesterol diet caused no
change of body weight gain as compared
to the normal diet condition.

2. Eifect of P.mirifica on clinical blood
chemistry and hematology

In both normal diet-fed and high
cholesterol diet-fed conditions, P.mirifica
exhibited no deteriorated effects indicated
by these following hematological and
clinical blood chemistry parameters:
hemoglobin, hematocrit, WBC count,
%differential WBC, RBC morphology,
platelet count, glucose, BUN, SCr, total
bitirubin, direct bilirubin AST, ALT, and
ALP. Interestingly, P.mirifica even helped
attenuating the liver injury-induced by
hypercholesterolemic condition as shown
by a significant decrease of AST, ALT
and ALP in high cholesterol diet-fed
supplemented with P.mirifica rtats as
compared (o the corresponding high
cholesterol diet-fed rats (Table 1).

Comparing to normal diet-fed rats,
high cholesterol diet fed rats demonstrated
a significant increase of AST (170.60+10.63
vs. 278.30+24.66; P<0.05), ALT (36.10+
1.58 vs.198.9439.15; P<0.05), ALP (63.40+
3.41 vs. 97.1016.50; P<0.05).
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Figure 1 Effect of P.mirifica on body weigh gain

Data shown were mean
*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

Table 1 Effect of P.mirifica on hematology and clinical blood chemistry

High cholesterol

Normal Normal diet-fed High diet-led
Hematology . supplemented with cholesterol .
diet-fed group P.mirifica group diet-fed group supplemented with
! P.miirifica group
Hemoglogbin {g/d]) 14.64+0.36 14,10+£0.30 13.7340.27 13.94+0.22
Hematocrit (%) 44.00+1.09 42 38+0.93 41,25+0.82 41.89+0.66
WBC count (x10°/1) 1.8120.36 1.39£0.10 2.05+£0.32 1.3440.19
Neutrophil (%) 27.57£1.78 25.13£3.24 25,7544 .20 22.5612.59
Lymphocyte (%) 69.71+1.82 71.00+3.51 70.88%+4.10 74.67+2.30
Monocyte (%) 2.14£0.51 3.00£1.04 3.0010.58 2.00+0.33
Eosinophil (%) 0.574£0.43 0.8610.23 0.75+0.25 0.78+0.32
Basophil (%) 0 0 0 0
RBC morphology Normal Nommal Normal Nomal
Platelet (x10°/ul) 339.29+44.61 303.13+34.54 334.38+19.44 322.22+41.76
Clinical blood
chemistry
Glucose (mg/dl) 129.918.16 137.4+11.67 147.9+17.10 138.7£20.48
BUN (mg/dl) 22.05+1.27 20.08%0.60 21.27+1.19 21.81+1.47
SCr (mg/dl) 0.7110.03 0.67+£0.03 0.7210.03 0.70+0.03
Total Bilirubin {mg/di) 0.111+0.01 0,10£0.00 0.1310,02 0.10+0.00
Direct bilirubin (mg/dl)  0.018+0.008 0.02910.005 0.026+0.006 0.027+0.005
AST (UN) 170.60+10.63 156.30£19.40 278.30+24.66 174.20+22.12°
ALT (U/1} 36.10+1.58 29.00+2.85 198.9£39.15 57.1+17.30 "
ALP (U/l) 63.40+3.41 71.40+7.99 97.10+6.50 74.3043.15 ¢

Data shown were mean + SEM
+P<0.05; High cholesterol diet-fed supplemented with P.mirifica group vs.High cholesterol diet-fed group
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3. Effect of P.mirfica on serum lipid profile

FP.mirifica significantly decreased
total cholesterol, LDL-C and HDL-C but
significantly increased triglyceride in normal
diet-fed rats. It also significantly decreased
total cholesterol, triglyceride, LDL-C,
HDL-C and LDL-C/HDL-C ratio in high
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cholesterol diet-fed rats (Table 2). High
cholesterol diet-fed rats showed a significant
increase of total cholesterol (64.40+3.18 vs,
85.6019.47, P<0.05), LDL-C (8.00£0.50
v8.56.40149.76; P<0.05) and LDL-C/HDL-C
ratio (0.10+0.006 vs. 0.7820.16; P<0.05) as
compared to the normal diet-fed rats.

Table 2 Effect of P.mirifica on serum lipid parameters

Serum lipid
parameters

Normal MNormal dief-fed High
diet-fed supplemented with
group P.miirifica group  diet-fed group

High cholesterol
diet-fed
supplemented with
P.mirifica group

cholesterol

Total cholesterol (mg/dl)  64.40+3.18 32.60+7.10 * 85.60+9.47 39.9045.05 *
Triglyceride (mg/dl) ~ 72.60+7.80  110.10£10.53 * 54.50+4.07 33.50+3.28
LDL-C (mg/dI) 8.0040.50 5.0040.67 * 56.40+9.76 17.0022.64
HDL-C(mg/dI) 78.6743.76 35.50+9.03 * 73.50+5.56 40504432 "
LDL-C/HDL-C ratic  0.10£0.006 0.18+0.04 0.78+0.16 0.45+0.06

Data shown were mean + SEM

* 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

Discussion and Conclusion

This study primarily investigated
subchronic toxicity and effect on serum
lipid profile of P.mirifica in both normal
and hypercholesterolemic rats. This would
provide an  additional information
regarding subchronic effects of P.mirifica
at the dosage of 100 mg/kg/day, the
dosage which was shown to decrease
serum cholesterol without any serious
toxic effects in a previous study”'. It has
been well-documented that cardiovascular
advantage of phytoestrogens is attributed
to their lipid lowering effects. Besides
studying in normal rats, this study was
also performed in hypercholesterolemic
rats, the model of which effect of
P.mirifica had never been investigated.

Body weight gains of rats given
P.mirifica and fed with either normal diet
or high cholesterol diet were significantly
lower than their corresponding control-
diet fed groups. These were consistent to
the results reported by Chivapat and
collaborates’’. In that study, they found
that rats receiving P.mirifica orally at
the doses of 100 and 1,000 mg/kg/day
for 90 days had body weight gain and food

consumption less than the control group.
This effect was possibly dued to the
effects of some phytoestrogens containing
in P.mirifica. Miroestrol was shown to
cause nausea and vomiting in human’.
Genistein and daidzein were found to
suppress food intake and body weight gain
in rats?. Inhibition of 21-hydroxylase
enzymes in adrenal gland cells by both
genistein  and daidzein resulted in a
decreased synthesis of cortisol, the hormone
which acted at CNS to stimulate food
appetite”, Effects of estrogens on the
growth and body weight of rodents are
well documented. Both synthetic and
natural estrogens decrease growth rate
in rats and mice via acting centrally
at the hypothalamus to decrease food
consumption”***"*_ Dose-dependent growth
retardation and decrease in food consumption
have been reported in long-term studies
with most estrogens™ ",

Hair loss occurred in the P.mirifica
treated rats. This effect induced by chronic
estrogen treatment has been reported®2*.
Although less studies were performed on
estrogens than on androgens, prolonged
intraperitoneal, subcutaneous implant or
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oral administration of estrogens has been
shown to block hair growth in rats and
mice” %, Topical ICI 182 780, a pure
estrogen receptor antagonist, stimulates
hair regrowth in male mice”. Hair follicle
is a complex structure that is influenced
by systemic factors including androgens,
glucocorticoids and estrogens. The estrogen
receptor pathway within dermal papilla
regulates the telogen-anagen transition of
the hair follicle in CD-mice™. Thus, hair
loss found in P.mirifica treated rats shown
in this study was possibly attributed from
estrogenic-like effect of P.mirifica.
Results from this study showed that
P.mirifica given orally at the dose of 100
mg/kg/day for 90 days did not cause any
toxic effects to the hematopoietic system
of male rats. In addition, there were no
effects of P.mirifica at this dose on serum
glucose as well as the functions of liver
and kidney. These results were consistent
to the result of Chivapat and collaborates®'.
From that study, P.mirifica affected blood
parameters only when the compound was
given at 1,000 mg/kg/day. Toxic effects of
estrogens on blood system have been
shown in animal studies. Ninety day feeding
rats with diet contained 10 and 50 ppm of
[73-estradiol demonstrated mild anemia
with the mean value of hematocrit, RBC
count and hematocrit lower than the
control group®™. Administration of diethy-
stilbestrol, a synthetic estrogen, in the diet
for two years caused a slight reduction in
hemoglobin and hematocrit in both sexes
of Sprague-Dawley rats”. A favorable
effect of P.mirifica on the liver was
interestingly demonstrated while this
compound was given to high cholesterol
diet rats. High cholesterol diet-fed condition
caused a significant increase of serum
hepatic parenchymal enzymes such as
AST, ALT as well as the enzyme reflecting
cholestasis such as ALP. Accompanying the
unpleasant lipid profile with an increase of
liver weight in high cholesterol diet rats, it
is likely that an accumulation of fat in the
liver might be involved in lipid-induced
liver injury in this group of animals.
P.mirifica caused an advantageous effect
on serum lipid profile particularly in high
cholesterol diet-fed rats as shown by an
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attenuation of serum hepatic enzymes
which are indicators for liver injury.
These findings gave a rational explanation
for an attenuating effect of P.mirifica on
lipid-induced liver injury in high cholesterol
diet-fed rats.

In this study, effects of P.mirifica
on serum lipid profile were investigated in
both normal diet-fed rats and high cholesterol
diet-fed rats. High cholesterol diet-fed rats
in this study possessed a characteristic of
type lla hyperliproteinaemia according
to Frederickson/WHO classification, This
type of hyperlipoproteinaemia exhibits an
elevation of LDL-C and total cholesterol
in serum whereas serum triglyceride is not
elevated. Type Ila hyperliproteinaemic
patients possess high risk to atherosclerosis™.
P.mirifica demonstrated both favorable and
unfavorable effects on serum lipid profile.
Advantageous effect of P.mirifica on
serum lipid was a decrease of serum total
cholesterol and LDL-C in either normal
diet-fed or high cholesterol diet-fed
condition. In contrast, the disadvantageous
effect of this plant included an increase of
serum triglyceride in normal rats and a
decrease of serum HDL-C in both normal
and high cholesterol diet-fed rats. This study
provided an additional information to a
previous study of Chivapat and collaborates™
that found a decrease of serum total
cholesterol and a slight increase of serum
triglyceride in normal rats given the
same dosage (100 mg/kg/day orally) of
P.mirifica for 90 days. Eventhough excessive
concentration in plasma of LDL-C is most
theoretically and epidemiologically associated
with atherosclerosis, hypertriglyceridaemia
and reduced concentration of HDL-C are
also important risk factors for this disease.
Thus, precaution should be concerned for
long-term administration of P.mirifica
especially in normal person whereas the
hypercholesterolemic person seem to be
less affected (P.mirifica caused only a
decrease of HDL-C, did not affect serum
triglyceride, and improved the LDL-C/HDL-C
ratio). Effect of P.mirifica on human
serum lipid profile should be confirmed.
Mechanism for explaining the lipid lowering
effect of this plant should also be explored.
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In conclusion, subchronic (90 days)
exposure of P.mirifica given orally at 100
mg/kg/day to male Wistar rats did not
show any toxic effects on blood system as
well as functions of liver and kidney.
P.mirifica even attenuated the hepatic
injury induced by hypercholesterolemic
condition probably due to its beneficial
effects on lipid profile especially in high
cholesterol diet-fed rats. Effects of P.mririfica
at various doses, long-term uses as well as
mechanism of the effects found in the
study should be further investigated.
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Chronic Toxicity of Pueraria mirifica in Rats

Songpol Chivapat , Pranee Chavalittumrong, Sadudee Rattanajarasroj, Somkiat Punyamung

Medicinal Plant Research Institute, Department of Medical Sciences, Ministry of Public Health

Abstract

Pueraria mirifica Airy Shaw and Suvatabandhu or White Kwao Keur has been used in
folk medicine as a rejuvenating agent for the elderly. To date, toxicological data of this plant
are still incomplete and therefore the six-month chronic toxicity study was undertaken.
Wistar rats of each sex were orally administered Pueraria mirifica powder (PM) at the doses
of 10, 50 and 250 mg/kg/day whereas the control group received water at 10 ml/kg/day for
6 months. The significantly decreased body weights were observed in both male and female
rats receiving PM at the doses of 50 and 250 mg/kg/day. Food consumptions were suppressed
in PM-treated male rats at the doses of 50 and 250 mg/kg/day and also in the highest dose-
treated female rats. During the experiment, some rats receiving PM had alopecia for two
weeks and then recovered. Hematology revealed that PM at the dose of 250 mg/kg/day
produced significant decreases of hematocrit, RBC and hemoglobin in both sexes of rats.
Triglyceride levels in the female rats treated with 250 mg/kg/day of PM were significantly
increased, Cholesterol levels were significantly decreased in male rats receiving PM at the
doses of 50 and 250 mg/kg/day and in female rats at the highest dose. The testicular weight of
male rats receiving the highest dose of PM was significantly decreased whereas the uterine
weight of female rats receiving this dose was significantly increased. Histopathological
examinations of visceral organs revealed no changes related to the toxicity of P. mirifica
except that male rats receiving the highest dose of PM had significantly higher incidence of
kidney tubular cysts. Results of the study indicated that prolonged administration of 10
mg/kg/day P. mirifica did not cause any hematological and biochemical alterations. Nor did
pathology of the internal organs indicating the toxicity at this dose.

Key words : Pueraria mirifica, toxicity, White Kwao Keur
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Introduction

Pueraria mirifica Airy Shaw and
Suvatabandhu or White Kwao Keur' is a
Thai indigenous woody climber belonging
fo the family Leguminosae.” Tuberous
roots of P, mirifica were traditionally used
by Thai people as a rejuvenating drug.’
Phytochemical studies have shown that
the tuberous root contains various
compounds such as miroestrol,’ puerarin,
coumestrol, daidizin, daidzein, mirificin,®
mirificoumestan,’ genistin® and kwakurin.”
Many of these substances are classified as
phytoestrogens. Recently, deoxymiroestrol
has been isolated from roots of P. mirifica
and shown to possess stronger estrogenic
effect on MCF-7 human breast cancer cells
than miroestrol.'®

Several pharmacological studies of
P. mirifica mostly concerned with its
estrogenic-like activities in animals,
P. mirifica could inhibit courtship, mating
behavior and testicular development in
male pigeon whereas in female it
suppressed egg laying by inhibition of
follicular development.!"  Experiments
conducted in female rats have shown that
White Kwao Keur suppresses lactation by
inhibiting mammary gland growth and milk
production.'” This herb exhibited effective
postcoital antifertility in rats and increased
the uterine weight as well as fluid content
in the uterus of immature ovariectomized
rats.”* In male rats, P. mirifica reduced
reproductive behavior and caused weight
reduction of testis, epididymis, prostate gland
and seminal vesicles."

Toxicity of P. mirifica tuberous root
has been investigated in some experimental
animals. In Japanese quail, this herb
affected hemopoietic systems i.e. decrease
hematocrit, hemoglobin and red blood
cells.”” 1t also caused suppurative inflam-
mation in some parts of the body."
Hepatic lesions and degeneration of testicular
leydig cells was reported in rats orally
treated with 100 mg/kg of P. mirifica for
14 consecutive days." Subchronic toxicity
study at the doses range between 10-1,000
mg/kg for a period of ninety days in
Wistar rats showed that the highest dose

Songpol Chivapat

affected hematological values and no
estrogenic effect was observed at the
lowest dose.'” Since the currently available
toxicological data of this plant are still
incomplete to evaluate the safety of this
plant, therefore Medicinal Plant Reseach
Institute, Department of Medical Science
conducted chronic toxicity study of
P. mirifica tuberous root so as to provide
additional toxicological information in
order to ascertain the safety of using this plant.

Materials and Methods

Preparation of Pueraria mirifica
suspensions

Tuberous roots of P. mirifica were
collected and identified by Associate
professor Yudthana Smitasiri, Mae Fah
Luang University. The roots, approximately
2 kg each, were sliced and oven-dried at
50°C. The dried roots were pulverized and
passed through sieve no 100. Chemical
constituents of P. mirifica powder (PM)
were assayed by the Research and
Development Institute, Government Phar-
maceutical Organization. The percentage
amount of isoflavones : genistin, daidzin, and
puerarin were 0.0113, 0.0016 and 0.0152
respectively whereas genistein was not
found. Another isoflavone, daidzein, was
also  qualitatively found by using
HPLC/photodiode array (PDA) in our
institute. Bioassay of PM using an
immature rat uterine weight method was
also performed by Associate Professor.
Yudthana. It was found that the estrogenic
potency of 1 mg of dried powder of PM
indicated by uterine weight increase was
equal to that of about 1.5-2.0 micrograms
of conjugated estrogen (Premarin®). The
powders were suspended and diluted to the
desired concentrations with water for
chronic toxicity study

Experimental animals

One hundred and fifty Wistar rats
(75 of each sex) weighing 150 + 10 g were
purchased from the National Laboratory
Animal Center, Salaya, Mahidol University.
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Figure 1 Average body weight of male(M) and female (F) rats treated with P. mirifica

for 6 months

Food consumptions of male rats receiving
50 and 250 mg/kg of PM were significantly
decreased when compared with that of the
control group . 20.05). Male rats receiving
10 mg/kg of PM had significantly lower food
consumption than the control group for
several weeks i.e. week 2 to week 8 of the
study and after that there was no difference of
food consumption until the end of the study
(Fig.2). Female rats receiving the highest

dose of PM had significantly lower food
consumption than the control group (P<0.05)
at each week as shown in Fig. 2. During the
experiment, some animals receiving . .M had
alopecia areata from left or right shoulder to
thoracic skin. The lesions were present for
two weeks and then recovered. The number
of rats showing alopecia was summarized in
Table 1.

700
600
~—#—M-contrel
0 —0—M-10mg/kg/day
% 400 —A— M-S0mg/kg/day
)
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Figure 2 Food consumption of male (M) and female (F) rats treated with P. mirifica

for 6 months
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Tabke 1 The number of rats developed alopecia during the chronic toxicity study of P.mirifica

(n=15/group/sex)

Dose of Pueraria mirifica

No. of rats with alopecia

Duration of exposure

(mg/kg/day) male female {day)
0 0 0 -
10 0 1(6.7%) 87
50 1(6.7 %) 1 (6.7%) 60 - 64
250 4 (26.67) 2 (13.33%) 61-156
250-R 4 (26.67%) 3 (20%) 23 - 54

250-R= high dose recovery group

Effects of P. mirifica on kematological
values

Significant decreases of hematocrit,
RBC and hemoglobin were observed in male
and female rats treated with 250 mg/kg/day
of PM as compared with those of their
corresponding control groups (P<0.05).
Male rats receiving PM at the dose of
50 mg/kg/day and higher as well as female
rats receiving PM at 250 mg/kg/day had
significantly decreased eosinophil (%) when
compared with the corresponding control
groups (P<0.05). The percentage of lym-
phocyte in female rats receiving PM at the
dose of 250 mg/kg/day was significantly
higher than that of the control group (P
<0.05). Hematological values of male and
female rats were shown in Table 2 and 3.

Effects of P. mirifica on clinical
chemistry values

Male rats receiving PM at the dose
of 50 and 250 mg/kg/day had significantly
lower AST and cholesterol levels than the
control group (P<0.05). Albumin level was
significantly lower in the highest dose of PM-
treated group than that of the control group
(P<0.05). Bilirubin and chloride levels of high
dose recovery group were significantly
increased as compared to the corresponding
control group (Table 4).

Female rats receiving PM at the
highest dose had significantly lower levels
of AST and cholesterol than the control group
(P<0.05) whereas triglyceride level was
significantly increased (P<0.05). The levels
of total protein were significantly increased

in femnale rats treated with PM at the doses
of 50 and 250 mg/kg/day as well as in the
250-R group (Table 5).

Effects of P mirifica on organ
weight

At necropsy, no remarkable gross
pathological lesions of the internal organs
of ail PM-treated and control groups were
observed. Male rats treated with PM at the
highest dose had significantly decreased
weight of brain, lung, liver, testicles, and
adrenal gland as compared to the control
group (P<0.05). The significant increases
of cardiac weight were observed in male
rats receiving PM at any doses (Table 6).
Female rats treated with the highest dose of
PM had significantly decreased cardiac
weight while uterine and adrenal weight
was significantly increased (P<0.05)
(Table 7).

Effects of 2. mirifica on histopathology
of internal organs.

It was demonstrated that the
incidence of fatty degeneration in liver and
adrenal gland in all groups of PM-treated
male rats was significantly decreased as
compared to their control group (P<0.05).
The incidence of kidney tubular cyst was
significantly increased in male rats receiving
the highest dose of PM and in the high dose
recovery group. Additionally, male rats
treated with PM at the dose of 10
mg/kg/day onward had significantly higher
incidence of tubular cast than their control
group (Table 8).



Table 2 Hematology values of male rats treated with P. mirifica for 6 months

8

Dose of Pueraraia mirifica

Parameters (mg/kg/day) MNormal value
Control 0 50 250 250-R
n=15 n=15 n=I3 n=15 n=i4

Hematocrit (%) 46.65+0.52 46.78+0.68 45.58+0.65 42.88+0.88* 46,48+0.64 42.5-49.4
RBC(x 10° nn 9.13£0.09 9.09+0.12 8.85+0.14 8.05+0.18* 8.64+0.14 7.2-9.6
Hb (g/di) 15.7240.12 15.77+0.16 15.46x0.12 14.70+£0.18* 16.51+0.15% 12-17.5
MCV (fl/red ceil) 51.1520.64 51.51+0.78 51.56x0.52 53.25+0.44 53.8310.58 57-65
MCH (pg/red cell) 17.24£0.21 17.38+0.18 17.58+0.30 18.38+0.36 19.19+0.31¥ 14.6-21.3
MCHC (g/dl RBC) 33.760.33 33.801+0.35 34.08+0.50 34.61+0.79 35.64+0.39* 26-38
WBC (K/uL) 5.38%0.38 6.37+0.37 5.25+0.32 4,95+0.51 4311+0.25 5-8.96
Neutrophil (%) 14.68+%1.54 13.78+£0.93 13.72+£1.14 14.62+1.33 16.05+1.17 9-34
Eosinophil (%) 1.5410.14 1.4520.10 1.0040.72* 0.98+0.61* 1.59+0.14 0-2.5
Lymphocyte (%) 81.29+£1.70 82,53+£1.09 83.72x1.06 82.67+£1.37 80.24+1.28 65-84.5
Monocyte {%0) 1.10£0.30 1.3940.35 0.94+0.29 1.07£0.25 1.144£0.36 0-5
Basophil (%) 1.19+0.19 0.78+0.09 0.66+0.06 0.61£0.07 0.97+0.10 0-1.5
Platelet (K/uL) 877.13x21.06 8§29.00+31.75 844.38+23.15 844.57+39.40 882.79+£37.02 662.0-992.0

250-R=high dose recovery group
The values are expressed as mean + SEM

*significantly different from the control group at P< 0.05
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Table 3 Hematology values of female rats treated with P. mirifica for 6 months

Dose of Pueraria mirifica

Parameters (mg/kg/day)
Control 10 50 250 250.r  [vormal value
n=15 n=1{3 n=14 n=15 n=15
Hematocrit (%) 45.30+0.91 45.23x0.76 45.95+0.36 41.12+0.65* 43.81+0.68 42.5-49 4
RBC(x 10° JuL) 8.36x0.17 8.23x0.12 8.43+£0.10 7.58+0.11* 8.02x0.12 72-96
Hb (g/dl) 15.52+0.27 15.3320.18 15.34x0.16 14.03+0.17* 15.86x0.12 12-17.5
MCV (fl/red celi) 54.31+0.38 54.95+0.49 54.5240.48 54.21+0.34 54.61+0.48 57-65
MCH (pg/red cell) 18.63+0.19 18.65£0.17 18.20+0.19 18.54+0.16 19.82+0.26%* 14.6-21.3
MCHC (g/dl RBC) 35.3240.34 33.97£0.35 33.3820.18 34,20%0.31 36.31+0.46* 26-38
WBC (K/uL) 2.9240.23 2.56+0.28 2.69+0.27 2.68+0.17 2.43+0.19 5-8.96
Neutrophil (%) 23.44+3.10 20.77+2.47 21.23+£2.93 21.37+1.57 21.20£1.92 9-34
Eosinophil (%) 1.93+0.16 2.16x0.16 1.5240.12 1.21£0.17* 1.86+0.14 0-2.5
Lymphocyte (%) 70.19£3.22 73.81x2.71 73.84+2.92 81.02£2.01* 73.23£2.27 65-84.5
Monocyte (%) 3.64x0.86 2.62+0.74 2.75+0.71 2.1440.59 2.35%0.56 0-5
Basophil (%) 0.80+40.10 0.64+0.08 0.66x0.12 0.7910.11 1.37£0.16* 0-1.5
Platelet (5/ulL) 847.03+£25.03 859.63+21.93 9234242942 §26.651£33.01 871.39127.01 403.0-979.0

250-R=high dose recovery group
The values are expressed as mean & SEM
*significantly different from the control group at P< 0.05
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Table 4 Clinical chemistry values of male rats treated with P. mirifica for 6 months

8

Dose of Pueraria mirifica

(mg/keg/day)
Mormal value
Parameters control {1 50 250 . 250-R
n=i5 n=i5 n=15 n=13 n=15

ALP (U/L) 63.00+2.87 62.95312.66 67.93+4 .91 68.7314.10 72.2146.94 56.8-128.0
ALT (U/L) 38.00+£2.07 37.07£2.50 32.57+£2.09 44.73+4 .84 38.36+3.01 289-476
AST (U/L) 72.9342.89 67.60+3.58 58.07+£2.02% 55.80£3.02% 64.29+1 89 45.7-80.8
BUN (mg/db) 19.25+0.49 19.98+0.75 20.84+0.77 19.56+0.91 21.76+£0.94 5-29
Creatinine(mg/d}) 0.70<£0.03 0.63+0.05 0.67+0.02 0.64+0.02 0.58+0.01* 0.2-0.8
Total protein (g/dl) 6.77+£0.07 6.88+0.08 6.89+0.08 6.81+0.08 7.09+0.07* 4.7-8.15
Albumin (g/dbD) 4.1610.04 4,15+0.04 4,15x0.06 3.8310.07* 4.2610.05 2.7-5.1
Bilirubin{mg/db) 0.07+0.01 0.08x0.02 0.13x0.03 0.08+0.01 0.34+£0.01* 0.0-0.55
Glucose (mg/dl) 167.40+5.54 176.62+8.50 154.77£11.35 189.65+9.27 190.84+8.06 130.0-267.0
Uric acid (mg/df) 1.87+0.21 2.29+0.36 1.72+0.23 2.31+0.43 1.8640.27 1.2-7.5
Triglyceride (mg/dl) 162.27£10.92 200.63x24.33  201.154£23.44 184.80+38.26 195.05+21.25 53.0-124.8
Cholesterol (mg/dl) 84.75+4.33 96.27+7.81 47.51x4.48* 27.27x4.36* 96.7116.28 45.0-92.0
Na +(1111[110[:’1) 146.73+0.54 146.20+£0.35 147.14%0.36 146.67+0.35 148.4340.45 143.0-156.0
K+(mmol/l) 5.77+0.16 6.5610.41 5.93+0.28 6.67+0.25 5.49+0.14 54-7.0
CI'{mmok/l) 108.47+0.54 108.53+0.40 108.43+0.40 107.60+0.49 112.57+0.58* 100.0-110.0

250-R=high dose recovery group

The values are expressed as mean = SEM

*significantly different from the control group at P<0.05.
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Table 5 Clinical chemistry values of female rats treated with P. mirifica for 6 months

Dose of Pueraria mirifica

(mg/kg/day)
Parameters control 10 50 250 250-R Normal value
n=i5 n=15 n=15 n=13 n=15
ALP (U/L) 27.53£2.03 26.00+2.39 2547+1.66 23.92£1.03 25.29+0.87 56.8-128.0
ALT (U/L) 45.1344.92 39.93+2 55 35.73+2.33 37.9242 81 31.14+1.99% 28.9-47.6
AST (U/L) 86.67+6.87 76.40+4 .06 82.73£10.59 65.08+3.41* 67.29£2.29 45.7-80.8
BUN (mg/dl) 20.27+0.96 21.05x0.77 22.09+0.60 21.90+£0.55 21.58+1.02 5-29
Creatinine(mg/dl) 0.72+0.01 0.75£0.01 0.76+0.02 0.71£0.01 0.63+0.01% 0.2-0.8
Total protein (g/dl) 6.98+0.07 7.0540.05 7.4610.08* 7.5240.06* 7.50£0.08* 4.7-8.13
Albumin (g/dl) 4,95+0.05 4.89+0.06 5.04+0.05 4.80+0.05 4.91+0.06 2.7-5.1
Bilirubin(mg/d}) 0.09x0.01 0.07+0.01 0.08+0.01 0.08+0.01 0.06+0.01* 0.0-0.55
Glucose (mg/dl) 149.00+4.83  139.99+5.28 165.56+7.65% 172.25+6.53* 152.81%5.14 96.0-153.0
Uric acid (mg/d!l) 2.03+0.25 1.38%£0.20 2.28+0.33 2.00+0.29 1.76+0.16 1.2-7.5
Triglyceride (mg/dl) 125.84+9.17 117.01+8.80 143.14+15.86  221.90:26.69* 153.00+£14.76 39.1-72.8
Cholesterol (mg/di) 71.97+4.43 69.87+5.11 67.34+6.49 39.02+3.53* T8.17x4.22 31.0-68.0
Na (mmol/l) 147.00+0.31  147.20x0.37 147.60+0.25 148.23+0.36%  140,5710.25% 143.0-156 0
K (mmol/l) 5.74+0.32 4,9310.26 5.29+0.31 5.4410.31 5.48+0.16 5.4-7.0
ClH{mmol/l) 111.27+047  111.47+0.46 111.06+0.46 111.152£0.36 117.57+0.34* 100.0-110.0

250-R=high dose recovery group

The values are expressed as mean xSDM
*significantly different from the control group at P<0.05.
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Table 6 Organ weight of male rats treated with P. mirifica for 6 months

Dose of Pueraria mirifica

(mg/kg/day)

Organs Control 10 _ 50 250 250-R

n=15 n=i5 n=14 n=15 n=15%
Brain 2.1510.02 2.1240.02 2.1240.02 2.04+0.02* 2.09+0.02
Heart 1.5240.04  1.4240.03*  1.3510.03* 1.1810.04%  1.2440.03*
Lung 1.86x0.04 1.84%0.05 1.7440.05 1.65£0.05%  1.6710.03*
Stomach 2.16x£0.06  2.40+0.10* 2.2120.06 2.2310.07 2.1520.05
Liver 14.83H0.61  15.49+0.51 14.2840.44  13,15+0,56* 13.3320.46
Right kidney 1.42+0.06 1.4340.02 1.4240.06 1.39+0.07 1.3320.05
Lefi kidney 1.38+0.06 1.3640.02 1.3440.05 1.31+0.05 1.26+0.04
Spleen 1.0940.04 1.1430.05 1.04+0.03 1.15+0.04 1.0840.05
Left testis 3.1910.08 3.1010.06 3.02+0.06 2.8410.14* 2.97+0.05
Right testis 3.1610.08 3.15£0.07 3.07+0.04 2.90+0.11* 2.9810.05
Bladder 0.1510.01 0.13+0.01 0.1420.01 0.1310.01 0.1320.01

250-R=high dose recovery group
The values are expressed as mean = SEM
*significantly different from the control group at P<0.05

Table 7 Organ weight of female rats treated with P. mirifica for 6 months

Dose of Pueraria mirifica

{mg/kg/day)

Organs Control 10 50 250 250-R

n=15 n=15 n=14 n=15 n=15
Brain 1.96+0.01 1.9710.02 1.98+0.02 1.91x0.02 1.9340.01
Heart 0.9410.03 0.95+0.03 0.9020.02 0.86+0.02% 0.91+0.02
Lung 1.30+0.04 1.37+0.03 1.31+£0.02 1.22+40.03 1.28+0.03
Stomach 1.6240.03 1.7340.05 1.68+0.06 1.7240,05 1.58+0.04
Liver 7.52+0.19 7.524+0.29 7.4610.27 8.01+0.18 7.6610.14

Right kidney  0.86+0.02 0.85+0.02 0.87£0.02  0.8310.01 0.8810.02
Left kidney 0.82+0.02 0.8210.02 0.81£0.02  0.77+0.02 0.8240.02
Spleen 0.70£0.02 0.80+0.04*  0.7020.03 0.7410.02 0.69+0.02
Left ovary 0.0810.00 0.07+0.00 (0.07+0.00  0.07£0.00 0.0620.00
Right ovary 0.07+0.00 0.07+£0.00 0.07+0.00 0.0710.00 0.06x0.00
Bladder 0.0810.00 0.09£0.00 0.08+0.00  0.08+0.00 0.07£0.00
Uterus 0.69+0.04 0.69+0.03 0.860.06 1.05£0.08*  0.8210.08

250-R= high dose recovery group
The values are expressed as mean + SEM



Table 8 Histopathological results of visceral organs in Wistar rats treated with 2. mirifica for 6 months

Dose of P.mirifica (mg/kg/day)

Organs Microscopic findings Male (n =15/group) Female (n=15/group)
¢ 10 50 256 250-R 0 10 50 256 250-R

Lung Lymphoid proliferated 4/15  11/15% 7/15 7/15  10/15%  &/15  9/15 O/i5*  &/15 915
peribronchioles

Heart Focal myocardiosis /15 15 1S 1/15  0/15 o/15  1/15  0/15 /15 0/15

Liver Fatty degeneration 7/15  2115*  0/45  0/15  Oo/15 O/15 U/15 0/15 /15 0/15
Lymphoid aggregated 115 1715 /15 0/15 0415 115 115 0/15  0/15  0/15
periportal areas

Kidney Tubular cast 0/15  9/15* 9/15*% 7/15* 2/15 4/15 415  4/15 5115  4/15
Tubular cyst 215 1/15 415 10/15* 7/15% 015 0/15 0415 ©/15  0/15

Intestine GALT hyperplasia /15 /15 0/15 0115 2/15 215 /15 315 /15 0/15

Testis Atrophy 0/15 1715 0415 1715  0/15 0/15  O/15  0/15  0O/15  0/15

Uterus Subendometrial gland 215 /15 0/15  O/15  0/15
hyperplasia

Mammary gland Glandular hyperplasia 315 115 115 V1S 0415

Adrenal gland  Cortical fatty degeneration 11/15 4/15%  0/15% 0/15% 0/15%  0/15 0/15  0O/15  0/15 /15
Focal hemorrhage /15 o/l /15 115 0415

250-R=high-dose recovery group
The resuits were expressed as the number of rats with pathological findings per total number of rats treated
*significantly different from the control group at P<0.05
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Discussion

In this six-month chronic toxicity
study, the doses of PM were changed to be
10, 50 and 250 mg/kg/day. Since our
previous ninety-day subchronic toxicity
study revealed that PM at the doses of 100
and 1,000 mg/kg produced some adverse
effects in the animals.”” PM at the doses
ranged from 50 to 250 mg/kg/day affected
the body weight of the animals. The
significantly lower body weight may be
due to the decreasing of food intake in the
PM-treated groups. It was demonstrated
that an estrogen derivative, 17-beta-estradiol,
can decrease food consumption and food
efficiency in rats.'® Some phytoestrogens
such as miroestrol was reported to produce
headache and nausea,’ genistin and daidzein
have been shown to decrease the synthesis
of cortisol'” which has an activity on
stimulating appetite. Taken together, the
decrease of food consumption may be
contributed by the estrogenic-like effects
of PM. Alopecia found in some rats
receiving PM at the given doses may also
be resulted from the estrogenic-like activity
of PM since there was a study
demonstrating that ethynylestradiol, a
synthetic estrogen, produced alopecia in
the albino rats.”® However, alopecia in
PM-treated rats existed for about two
weeks and then it recovered.

Hematologic results demonstrated
that PM at the dose of 250 mg'kg
significantly decreased hematocrit, RBC,
and hemoglobin in both male and female
rats, however these alterations were within
normal range’’ and recoverable as shown
in 250-R group. The decrease of these
parameters may be attributable to the
estrogenic-like effect of PM since it was
reported that dietary administration of 17
beta-estradiol produced anemia in rats.'”® The
significant changes of easinophil(%) in PM-
treated male rats at the doses of 50 and
250 mg/kg/day and in female rats receiving
the highest dose of PM was within normal
range” i.e., 0-2.5%. In addition, the increase
of lymphocyte in female rats receiving the
highest dose of PM was also within
normal range.”’

Songpol Chivapat

The significant decreases of AST
fevels in PM-treated male rats at the dose
of 50 and 250 mg/kg/day and in female
rats receiving the highest dose were within
normal range. However, this alteration did
not indicate any damage of the concerning
vital organs such as liver and heart. Our
findings that triglyceride levels increased
in a dose-dependent manner in all groups
of female rats receiving PM and the
significance effect was observed in the
highest dose-treated group, suggest that
this phenomenon may be PM related.
Moreover, this findings are consistent with
our previous subchronic toxicity study
showing that high dose of PM (1,000
meg/kg/day) can cause the elevation of
triglyceride level in female rats."” Cholesterol
levels were significantly decreased in PM-
treated male rats at the doses of 50 and
250 mg/kg/day as well as in female rats
receiving the highest dose of PM,
suggesting the hypocholesterolemic effect
of PM which was consistent with our
previous study'’. There was also study
indicated that phyto- estrogens from soy
bean, a plant in the same family as P
mirifica (Leguminosae) were capable in
decreasing LDL and increase HDL
cholesterol levels in monkey.”

In this study we found that the body
weights in the groups receiving PM at 50
and 250 mg/kg were significantly decreased
and this might result in the significant
increase of relative weight of many organs,
Therefore we present actual organs weight
which reveal more actual alterations than
relative organ weights. The decreases of
some organs weights i.e., heart in PM-
treated male rat at each dose and in the
highest dose-treated female rats, lung in
male receiving highest dose of PM were
observed. However histopathology of these
organs did not indicate any abnormality The
decrease of left and right testicular weight
in male rats receiving the highest dose of
PM and the increase of uterine weight in
female rats at this dose suggest the
estrogenic effects of PM as previously
reported in some studies."™'*!”

Histopathology results showed the
alterations in some visceral organs of the




Thai J Pharmacol; Vol 27: No 2-3, May-Dec 20035,

male rats receiving PM. The incidence of
hepatocyte  fatty  degeneration  was
significantly decreased at the doses
ranging from 10 to 250 mg/kg of PM. This
phenomenon may be estrogenic effect
of PM, since there were some
investigations showing that estrogens
were able to increase apolipoprotein
B (apo-B) production in  human
hepatocytes™ and in mice hepatocyte.”
Hepatocytes assemble triglyceride into
VLDL-lipoproteins  particles on the
backbone of apo B-100 and secrete into
plasma.”> This may explain why the
incidence of hepatocyte fatty degeneration
in the liver decreased. The significantly
higher incidence of tubular cyst in the
kidneys of male rats receiving PM at the
dose of 250 mg/kg/day and in those of the
high dose recovery group suggests that
prolonged administration of PM at this
dose may cause tubular cells damage. It
was demonstrated that metabolites of
daidzin and daidzein were excreted in
urine and bile®; therefore the excretion of
these metabolites via kidney may affect
the tubular cells. The findings of crystal-
like tubular cast in the kidney of PM-
treated male rats suggest that there may be
the disturbance of some electrolytes
reabsorption or transportation of renal
epithelium. Some flavones, such as genistein
and daidzein activated Cl-channels, genistein
and apigenin were reported to possess a
stimulatory effect on sodium, potassium
and chloride ion-cotransporters in a renal
epithelial cell line”’. In addition, equol, a
metabolic compound of daidezin by
intestinal bacteria, is also a potent inhibitor of
Na-K-Cl cotransporter.”®  However, the
incidence of tubular cast decreased after PM
discontinuation. The incidence of
adrenocortical Tatty degeneration of male rats
receiving PM at cach dose decreased in a
dose-response relationship, suggesting the
depletion of lipid accumulation. Previously,
there was a study showed that daidzein, a
phytoestrogen, can  suppress  cortisol
synthesis in the adrenal gland®. Therefore,
the reduction of cortisol levels might
result in the stimulation of ACTH
production. Under conditions of acute or
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prolonged ACTH stimulation, the lipid
stores in the adrenal cortical cells might
be used for corticosteroid synthesis™. The
incidences of other  histopathologic
findings were not dose dependent;
therefore they could not coniribute to PM.

In conclusion, the chronic toxicity
toxicity study of PM at the doses ranging
from 10 to 250 mg/kg/day indicated that
PM exerted its estrogenic-like activities in
many aspects i.e., at the dose of 250
mg/kg/day affect hematology values,
testicular and uterine weight. In addition,
the incidence of kidney tubular cyst was
significantly increased at this dose. Therefore,
prolonged use and overdose of PM dose
should be avoided.

Acknowledgement

The authors would like to thank the
staff of Laboratory animal center, National
Institute of Health, Department of Medical
Science, for animal care and facilities, We
are grateful to Dr. Anudep Rangsipipat,
Division of Pathology, Facuity of Veterinary
Sciences, Chulalongkorn University for
histopathological examination of tissue
slides, and Mr. Teerawut Pinthong, head of
pharmacokinetic section, Medicinal Plant
Research Institute for daidzein assay.

References

I. Smitinand T. Thai plant names (Botanical
names-Vernacular names). 2™ ed. Bangkok:
Funny Publishing United Partnership, 1980.

2. The Royal Institute, Editors. Plant taxonomy.
Bangkok: Puaenpim Co., Itd., 1995.

3. Cain JC. Miroestroi: an estrogen from the
plant Pueraric mirifica. Nature 1960,
188: 774-7.

4, Bounds DG and Pope GS. Light absorption
and chemical properties of miroestrol, the
oestrogenic substance of Pueraria mirifica. J
Chem Soc 1960; 17:15-6.

5. Nilanidhi T, Kamthong B, Isarasena K
and Shiengthong D. Constituents of the
tuberous roots of Pueraria mirifica. Proc
Pacific Sci Congr Pacific Sci Assoc 9 ™
Bangkok, 1963 .

6. Ingham JL, Tahara § and Dziedzic SZ. A

chemical investigation of Pueraria mirifica
roots. Z Naturforsch. Ser C 1986; 41:403-8.




90

10.

11,

12.

16.

17.

18.

19.

Ingham JL, Tahara S and Dziedzic SZ.
Coumestans from the roots of Pueraria
mirifica. Z Naturforsch. 43¢ 1988; 5-10,
Ingham JL, Tahara S. and Dziedzic SZ.
Minorisoflavones from the roots of Pueraria
mirifica. Z Naturforsch SerC. 1989; 44
724-6.

Chansakaow S, Ishikawa T, Sekine K, et
al. Isoflavonoids from Pueraria mirifica
and their estrogenic activity, Plania Med
2000; 66: 572-5.

Chansakaow S, Ishikawa, T, Seki H. et al.
Identification of Deoxymiroestrol as the
actual rejuvenating principle of Kwao
Keur. J Nat. Pro2000; 63(2): 173-5.
Smitasiri Y and Sakdarat S. The means of
application of Pueraria mirifica for pigeon
{Columba sp.} birth control. Suranaree J Sci
Technol 1995;2 : 89-9

Smitasiri Y, Pangjit S, Anuntalabhochai
S. Inhibition of lactation in lactating rats
with Pueraria mirifica compared with
estrogen. JSci Fac CMU 1989;16:7-11.
Smitasiri Y, Junyatum U and Songjitsawad
A, Postcoital antifertility effects of Pueraria
mirifica in rats. J Scf Fae CMU 1986;13:19-28,
Langkalichan Y. The study of effects of
Pueraria mirifica on reproductive organs,
adrenal glands, liver, reproductive behavior
and reproduction. MS Thesis (Biology)
Chiang Mai University 1984.

. Thaiyanan P, Trakulbool P, and Anan-

talapochai S, Effect of White Gwow on
Quail II : Red blood cells and white blood
cells productions. J Med Tech CMU 1992,
25(3%:107-114.

Choaychoo A, Junyatum U, Anuntatabhochai
S, Smitasiri S, Toxic effects of White Gwow
(Pueraria mirifica) in Japanese quails.
J Sci Fac CMU 1984;11: 46-55.
Chivapat 8, Chavalittumrong P, Rattana-
jarasroj S, Chuthaputti A and Punyamong S,
Toxicity study of Pueraria mirifica Airy
Shaw et Suvatabandhu. Bull Dept Med Sci,
2000; 42(3): 201-222.

Biegel LB, Flaws JA, Hirshfield AN, et al.
90-day feeding and one generation
reproduction study in Crl:CD BR rats with
17 beta-estradiol. Toxicol Sci 1998; 44:
116-42.

Mesiano S, Katz, SL Lee JY, et al
Phytoestrogens alter adrenocortical function;
genistein and daidzein suppress glu-
cocorticoid and stimulate androgen production
by cultured adrenal cortical cells. J Clin
Endocrinol Metab 1999: 84 : 2443-8,

21,

22.

23,

24.

25,

26.

27.

28.

29,

30.

Songpol Chivapat

. Schardein JL. Studies of the components

of an oral contraceptive agen{ in albino
rats. !. Estrogenic component. J Toxicol
Environ Health 1980; 6(4):6.

Gad SC. The Rat; In: Animal Models in
Toxicology (Eds. S.C. Gad and C.P.
Chengellis). New York: Marcel Dekker,
1992: 81.

Anthony MS, Clarkson TB, Hughes CL,
Morgan TM. and Burke GL. Soybean
isoflavones improve cardiovascular risk
factors without affecting the reproductive
system of peripubertal rhesus monkeys. J
Nutr 1996, 126: 43-50,

Kutteh WH, Rainy WE, and Carr BR.
Regulatory effects of multifunctional cytokines
and steroid hormones on apolipoprotein B
production by human fetal hepatocytes. J
Soc Gynecol Investig 1994; 1(4): 256-63.
Srivastava RA, Tang J, Baumann D,
Schonfeld G. Hormonal and nutritional
sttmuli modulate apolipoprotein B mRNA
editing in mouse liver. Biochem Biophys
Res Commun 1992; 188(1): 135-41.
Dominiczak MII. Apolipoproieins and
Lipoproteins in Human Plasma. In Rifai N,
Warnick GR, and Dominiczak MH, editors
Handbook of Lipoprotein Testing. Washing-
ton DC: AACC Press, 1997: 1-17.

Yasuda T, Kano, Y, Satto, K. and Ohsawa, K.
Urinary and biliary metabolites of daidzin
and daidzein in rats. Biol Pharm Bull 1994,
17(10): 1369-74.

Nisato N, Ito Y, and Marunaka Y. Activation
of Cl-channel and Na+/ K+/2Cl-cotransporter
in renal epithelial A6 cells by flavonoids:
genistein, daidzein, and apigenin. Biochem
Biopkys Res Commun 1999; 254(2). 368-71.
Martinez RM, Gimenez 1, Lou JM,
Mayorai JA and Alda JO. Soy iso-
flavonoids exhibit in vitro biological
activities of loop diuretics. Am J Clin Nutr
1998, 68 suppl 6: 1354 -7,

Mesiano S, Katz SL, Lee JIY, et al
Phytoestrogen alter adrenocortical function:
genistein and daidzein suppress glu-
cocorticoid and stimulate and androgen
production by cultured adrenal cells. JJ Clin
Endocrinol Metab 1999; 84: 2443-8,
Michael HR, Lynn JR and Gordon K.
Histology: A text and atlas 3% ed.
Maryland: Willias and Willkins, 1995,




That J Pharmacol; Vol 27: No 2-3, May-Dec 2005. o1

RESEARCH ARTICLES

Effects of Valproyl Urea on Neurons of The Cerebral
Cortex and Cerebellar Purkinje Cells in Rats
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’Research Unit of Neurophysiology and Neuropharmacology, Faculty of Pharmaceutical
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Abstract

Preliminary studies in various animal models have established a greater anticonvulsant
activity as well as broader margin of safety with less unwanted effects of N-(2-
propy!pentanoyl) urea {VPU) than its parent compound, valproic acid. We present herein the
effects of VPU on neurons of the cerebral cortex and cerebellar Purkinje cells of anesthetized
rats assessed by microiontophoretic technique and micropressure ejection. Similar to
micropressure ejection of valproic acid, locally applied VPU depressed spontaneous firing of
both neurons of the cerebral cortex and cerebellar Purkinje cells in a dose-dependent manner.
Depressant effect on spontaneously firing Purkinje cells of VPU but not that of valproic acid
was abolished in the presence of bicuculline given microiontophoretically. However, neither
effect of VPU nor valproic acid was affected by strychnine. Further studies to probe
interaction between VPU and other well established excitatory amino acid neurotransmitters
of the brain given microiontophoretically were carried out on Purkinje cells. VPU exhibited
different profile of responses from those of valproic acid which reversibly depressed excitant
effect of glutamate and aspartate while had no effect on depressant effect evoked by either
GABA or glycine. Virtually no effect of VPU was observed in corresponding environment.
In conclusion, the present study demonstrated that VPU per se was able to exert
anticonvulsant activity by different mechanisms than those exhibited by its parent compound,
valproic acid. Interaction with GABA, receptor may at least, in part, involved in the
anticonvulsant activity of VPU. More experiments are needed to identify other possible
mechanisms of action of this compound.

Key words : valproyl urea, valproic acid, microiontophoretic technique, neurons of the
cerebral cortex, cerebellar Purkinje cells.
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Entroduction

N-(2-propylpentanoyl)urea or valproyl
urca (VPU), (Fig.1) is a valproic acid
analogue which has been reported in
vartous animal models, to possess a higher
anticonvulsant activity in parallel with a
greater relative margin of safety while
offering less unwanted effect than its parent
compound, valproic acid or VPA', No effect
of VPU and VPA has been observed on
total cytochrome P450 or CYPIAIL, 1A2
or 2E1 activities of rats. However, VPU
has been found to significantly increase
CYP 2B1 and 2B2 activities’. Preliminary
studies of pharmacokinetic as well as
embryotoxic of this compound have been
reported™. Many of the conventional
antiepileptic drugs as well as those which
just have been released into the market or
newly discovered have been noted for
their depressant effect on either the
spontancously or stimulus-driven firing
neurons of the experimental animal’s
brain and thus may account for the
anticonvulsant effect observed®®. In the
present study, we used microiontophoretic
technique in combination with micropressure
application to investigate the effect of VPU,
in comparison with VPA, on neurons of
the cerebral cortex and Purkinje cells of
cerebellum of rats anesthetized with urethane.
Interactions between VPU and other well
established amino acid neurotransmitters
or compounds with well defined mechanism
of action were also observed.

Materials and methods

Animals

Male Wistar rats weighing 200-240 g
oblained from the National Laboratory
Animal Center, Mahidol University, Thailand,
were used in this experiment. The rats were
housed in groups of four to five rats and
maintained on a standard light-dark cycle
with a constant humidity and controlled
temperature (28-32 °C). The animals had
free access to food and tap water ad libitum.

Experimental protocol

Wistar rats were anesthetized by
urethane (1.6 g’kg B.W. i.p.) and placed onto
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a stereotaxic apparatus (Narishige). The skull
covering area of the frontal cortex and
cerebellum were then removed. Recording
of extracellular spike potentials was made
from neurons of the sensorimotor cortex
(AP=0-3 mm, L=I-2 mm, in relation to
Bregma and V=0.8-2 mm from the pial
surface’) and cerebellar Purkinje cells
through the central microelectrode filled
with a 4 M NaCl solution, of 3-5 barreled
microelectrode tip diameter 6-9 pm.

The outer barrels of the electrode
contain either y-aminobutyric acid (GABA,
0.2 M, pH 3.5), glycine HCI (GLY, 0.2 M,
pH 3.5), L-glutamate (GLU, 0.5 M, pH 7.5),
L-aspartate (ASP, 0.5 M, pH 7.5), strychnine
sulfate (STRY, 0.005 M in NaCl, pH 7.0},
bicuculline methochloride (BMC, 0.005 M
in NaCl, pH 3.5), VPA (0.025 M in 0.1 M
hydroxypropyl-B-cyclodextrin) and VPU
(0,005 M in 0. M hydroxypropyl-p-
cyclodextrin). All standard compounds were
injected to the vicinity of neurons using
standard microiontophoretic method (Medical
System) while the test substances, VPA
and VPU, were delivered to neurons by
means of micropressure  application
(Medical System FFM-2). Spike potentials
were amplified by a standard set of high
input impedance amplifier and monitored
on a digital memory oscilloscope (Nikon
Kodhen VCI10) and were selected by a
window slicer. The selected pulses were
counted by digital rate meter and were
displayed on the Mclntosh computer
(LC630) with a digital-to-analog converter
(MaclLab) and software (chart V 3.4.3,
MacLab). The records were subsequently
converted to neuronal firing rate for data
presentation. The neuronal activity before,
during and after microiontophoretic or
micropressure application of various
substances were compared and analysed.
In the present study, two groups of
neurons which generated spontancously
firing discharge were used. They were neurons
in the sensory motor area of the frontal cortex
and cerebellar Purkinje cells. The latter
were identified by their high firing rates
and by the characteristic pattern of simpie
and complex spike discharges’ and the
neurons were randomly recorded in the
vermis of the cerebellum.
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Results

Effects of VPA amd VPU on
spontaneously firing mneuroms of the
cerebral cortex and Purkinje celils of the
cerebeliar cortex

Micropressure application of 3.1 M
hydroxypropyl--cyclodextrin, the solvent
used to dissolve VPU or VPA had no
effect on neuronal discharge of either neurons
of the cerebral cortex (n=10) or Purkinje
cells of the cerebellum (n=20). Micropressure
application of VPU (n=12) or VPA (n=10)
induced a dose-dependent and reversible
reduction of the spontaneous firing of all
neurons tested in the cerebral cortex (Fig.
2A) and cerebellum (Fig.2B).

Effects of bicuculline methochloride
and strychnine sulfate on the depressant
effect of VPU and VPA

As demonstrated in Fig. 3, micro-
iontophoretic application of a convulsant
alkaloid, bicuculline (BMC, 20-50 nA), in
the amount that produced no excitation per
se diminished the depressant effect elicited
by either GABA or VPU (15-30 psi, n=12)
on Purkinje cells. On the contrary, inhibition
of neuronal discharge resulting from
micropressured application of VPA (20-40
psi, n=5) was not at all altered by BMC.

Neither the depressant effect, on the
neuronal discharge of Purkinje cells, of VPU
(20-40 psi, n=10) nor VPA (10-30 psi, n=5)
was altered by microiontophoretic application
of STYR (30-60 nA) (Fig. 4) which clearly
being able to antagonize the depressant
effect of glycine.

Effecis of VPA and VPU on
responses evoked by glutamate and
aspartate on Purkinje cells

Discrepancy between the depressant
effect elicited by VPU and VPA was noted
when they were applied on Purkinje cells
driven by either glutamate or aspartate. As
illustrated in Fig.5, glutamate (10-40 nA,
n=15) and aspartate (5-50 nA, n=12)
consistently increased firing rates of the
neuronal discharge which were not affected
by concurrent administration of VPU while
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VPA apparently depressed glutamate or
aspartate-evoked responses in 10 out of 12
Purkinje cells .

Effects of VPA and VPU on
responses evoked by GABA and glycine
on Purkinje cells

Microiontophoretic application of
GABA (1-60 nA) and glycine {20-100 nA)
consistently depressed neuronal discharge
of all Purkinje cells tested (n=30) and such
depressant effects were not affected by
concomitant micropressured application of
either VPU (10-35 psi) or VPA (5-30 psi).
Typical responses of Purkinje cells under
the influence of VPU or VPA to GABA
and glycine are illustrated in Fig. 6.

Discussion and Conclusion

The observation that the parent
compound of VPU, VPA, demonstrated
depressant effect on both the spontaneously
firing neurons of the cerebral cortex and
Purkinje cells is in accordance with previous
finding of Chapman et al (1982)°.
Furthermore, VPA, while had no effect on
depressant effect elicited by microioto-
phoretically applied GABA or glycine,
antagonized excitant effect induced by the
excitatory neurotransmitters, glutamate and
aspartate. A body of conflicting results on
the effect of VPA that it may p()tos_:ntiate‘0‘]l’12
or have no effect™ on responses to GABA
do exist. Differences in methodology as
well as region of investigation possibly
account for dissociation of the results
observed, nevertheless, our observation
confines to the latter, Inconsistent effect of
microiontophoretically applied VPA on
response to glycine and glutamate has
been previously reported’. However, a
suppression of responses to glutamate by
VPA has been demonstrated in rat
neocortex'”. Similar result was obtained in
our study and it is in line with the finding
that VPA is able to reduce NMDA-
stimulated Ca®*-influx'®. The finding that
lack of interaction between VPA and
bicuculline as well as strychnine rules out
involvement of GABA, and strychnine-
sensitive glycine receptors as possible site
of action of VPA, respectively. Furthermore,
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Figure 1 Structure of N-(2-propylpentanoyl) urea

our results demonstrated the ability of
locally applied VPA to suppress neuronal
discharge of spontaneously firing neurons
as well as those evoked by excitatory
amino acid neurotransmitter, glutamate
and aspartate. These observations could be
considered as part of a spectrum of
mechanisms underlying anticonvulsant
activity of VPA, a broad spectrum of
mechanisms known to act through a
combination of several mechanisms'’.

The result that VPU exerted dose-
dependent depressant effect on both
spontaneously firing neurons of cerebral
cortex and Purkinje cells of cerebellum
did suggest that VPU per se is an active
anticonvulsant exerting protection against
convulsions observed in various animal
models'. Alternatively, metabolites of VPU
other than being degraded to VPA may be
responsible for anticonvulsant effect of
VPU. This proposal is further strengthened
by dissimilarity in profile of responses
between VPU and VPA. Apparently, VPU
did not modulate effects of either inhibitory
GABA and glycine, or excitatory amino acid
neurotransmitters, glutamate and aspartate,
on spontaneously firing Purkinje cells.
However, the effect of VPU was clearly
antagonized by excitant effect of bicuculline,
a specific GABA, receptor antagonist on 12

Purkinje cells indicating a participation of
GABA, receptor in response to VPU.

However, when taken into considera-
tion that protective effect of VPU against
bicuculline induced convulsion was rather
weak', it is highly likely that the
anticonvulsant activity of VPU through
modulation of GABA, receptor should be
one among other mechanisms that remain
to be elucidated. Like VPA, VPU may
possess a wide spectrum of anticonvulsant
activity that act in concert to provide
protection against convulsions in many
animal models’.

In conclusion, the present study
demonstrated a dose-dependent and reversible
depressant effects of locally applied VPU on
spontaneously firing neurons. It is thus
suggestive that VPU per se and/or any
metabolites other than VPA is responsible
for anticonvulsant activity previously
reported in whole animal model. Like
VPA, VPU may possess a wide spectrum
of anticonvulsant activity, however, VPU
seemed to act differently from VPA in
terms of interaction with glutamate,
aspartate and bicuculline. Questions regarding
to the principal anticonvulsant mechanisms
of this compound is a subject for further
investigation.
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Figure 3 Effect of continuously microiontophoretic application of bicuculline (BMC
superimposed on the response of Purkinje cells to micropressure application
of VPU (0.005 M) (A) and VPA (0.025 M) (B) compared to microiontophoretic

application of y-aminobutyric acid (GABA).
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Topical Pimecrolimus 1% Cream in Treatment of Oral
Lichen Planus
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Kobkan Thongprasom’

' Department of Oral Surgery, and Oral Medicine, Faculty of Dentistry, Srinakharinwirot
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Department of Pediatrics, Faculty of Medicine, Chulalongkorn University

Department of Oral Medicine, Faculty of Dentistry, Chulalongkorn University

Abstract

Oral lichen planus (OLP) is a common inflammatory disease of unknown etiology.
The immunopathogenesis is T-cell mediated autoimmune disease. Various treatments have
been tried to treat OLP but complete cure is difficult to achieve. Pimecrolimus is a new
calcineurin inhibitor which can inhibit T-cell and mast-celi activation. We presented three
cases of OLP patients treated with pimecrolimus 1% cream 2 times daily for 4 weeks. All of
the lesions showed improvement with nearly complete remission. No side effects were observed
during 6-12 months follow-up in all cases.

Key words : oral lichen planus; pimecrolimus; treatment
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Introeduction

Oral lichen planus (OLP) is a chronic
mucocutaneous inflammatory disease that
affects 0.5-2.2% of the population and is
mainly found in women in their fifth or
sixth decades of life."” The etiology is still
unclear. The immunopathogenesis of OLP
is complex, involving T-cells, mast cells,
intercellular adhesion molecule-1 and HLA
class 11 antigens™® and may be associated
with some drugs and dental materials.’
Various clinical forms of OLP have been
recognized. Reticular and plaque type of OLP
are often asymptomatic. Whereas atrophic
and erosive forms are often painful, interfere
with patients quality of life and require some

treatments, Various treatments have been
attempted to improve the symptomatic
OLP. Corticosteroids in topical form are
safe and effective treatments for OLP. The
response rate has been reported to range
from 30-70%.% Pimecrolimus is one of the
new class of novel ascomycin immuno-
modulating macrolactams, and has been
developed for the treatment of inflammatory
skin diseases such as atopic dermatitis,
psoriasis and contact dermatitis.” The
mechanism of the drug is inhibiting T-cell
and mast-cell activation. Recently, there
have been few reports using this medication
in the treatment of OLP '™ but there
were no reports of pimecrolimus in the
treatment of Thai patients with OLP.
side-effects The aim of the present study
was to assess the efficacy and side-effects
of pimecrolimus 1% cream in treatment
of Thai patients with symptomatic OLP.

Case report

Three patients with atrophic OLP
attending the Oral Medicine clinic, Faculty
of Dentistry, Chulalongkorn University
were asked to participate in the study.
None of patients has systemic disease and
taking systemic medication. Each subject
gave written informed consent and the
study was approved by Commitice on
Experimental Procedures Involving Human
Subjects of the Faculty of Medicine,
Chulalongkorn University Ethics Committee.

Patrayu Taebunpakul

Any topical medications previously
prescribed for treatment of OLP were
stopped for two weeks and systemic
therapy for at least four weeks before
starting this study. All the lesions were
diagnosed by oral examination and
confirmed by histopathology. The patients
were instructed to apply pimecrolimus 1%
cream (Elidel® , Novartis , Mexico) on
dried lesions twice a day for four weeks.
Transparent grids"” were used to measure
the size of erythematous lesions of the
most severity area in mm’, while discomfort
scores were assessed using a  visual
analogue scale (VAS)." The OLP lesions
were also evaluated before and after
treatment to the criteria set by Thong-
prasom et al.'">'®

@ Score 5 : white striae with erosive
area> | cm’.

& Score 4 : white striae with erosive
area < | cm’.

e Score 3 : white striae with ery-
thematous area> 1 cm’.

e Score 2 : white striae with ery-
thematous area < 1 cm’.

® Score I : mild white striae only.

@ Score () : no lesions, nommal mucosa.

The first patient was a 67-year-old
woman with atrophic lesion and white
striaes at lower lip (Figure 1). Pimecrolimu
1% cream was administered topically
twice daily for four weeks. The pain and
the size of the lesion were evaluated. After
four weeks, the patient reported 78.79%
reduction of pain and almost complete
absence of OLP (Figure 2). No side-effects
were observed (Tablel).

The second patient was a 35-year-
old woman with an 1}i-year history of
burning atrophic lesion at buccal gingival
of all quadrant extended to mucobuccal
fold. Pimecrolimus 1% cream was admini-
stered twice daily for four weeks. After
four weeks of treatment, nearly complete
disappearance of OLP lesion was documented
and 62.22% reduction of buming sensation
was reported. No side-effects were observed
except the bad taste of the drug.
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The third patient was a 28-year-old
man with a history of 8-year burning
sensation on the left and right buccal
mucosa. Pimecrolimus 1% cream was
administered topically twice daily on both
buccal mucosa. After four weeks, the
symptoms reduced 81.63% and only
white hyperkeratotic striac was seen. No
side-effects were observed.

Discussion

Various regimens have been tried
to treat OLP but complete cure has been
difficult to achieve. Corticosteroids are the
first-line drugs for the treatment of OLP
and are effective in managing symptomatic
OLP. Fluocinolone acetonide 0.1% in
orabase (FAQ) has been shown to be more
effective than triamcinolone acetonide 0.1%
in orabase (TAQO) with no serious side
effects.”” Moreover, the effectiveness of
various forms of topical fluocinolone
acetonide applications in patients with
OLP in a 2-year treatment resulted in
complete remission of 77.3%, 21.4%, and
17.0% of patients in the FAQO, fluocinolone
acetonide in solution (FAS), and FAS/FAO
groups, respectively,'®

Acute pseudomembranous candidiasis
is the only common side-effect from topical
corticosteroid which can be prevented or
treated with topical antifungal agent.”>'"'®
Although there are some reports of
systemic absorption and adrenal suppression
from using super-potent topical steroids in
treatment of skin disorders, but there has
been no report about adrenal suppression
from long term oral application of topical
corticosteroids.' !

Other immunosuppressive drugs such
as cyclosporine and topical tacrolimus has
been reported in treatment of OLP.3#%
Cyclosporine is a polypeptide that inhibits
the transcription of several cytokine genes,
thereby suppressing T-cell cytokine production,
Some studies have been reported benefit
from applied cyclosporine topically or in
form of mouth rinse™* but others have
reported little benefit or no significant
improvement.”*” Cyclosporine may be used
as an aliemative therapy from conventional
treatment of OLP but should not be use as a
first drug of choice because of the high
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cost of long term treatment and the
availability of effective altematives. Severe
side-effects of systemic cyclosporine, such
as hypertension and nephrotoxicity, preclude
its use for OLP.’

Tacrolimus is an immunomodulating
agent inhibiting T-cell activation at 10-100
times lower concentration than cyclosporine.”’
This drug used topically to contro! symptoms
and has been shown to be effective in
treatment of OLP. However, local irritation is
the most common side-effect.”>**

Pimecrolimus is a topical immuno-
suppressant calcineurin inhibitors that is
applied to many skin diseases such as
atopic dermatitis, psoriasis and contact
dermatitis.”**" It is related to tacrolimus
and shares the same cellular binding targets
and mechanism of action® There are
some reports about the efficacy of topical
pimecrolimus when treating OLP lesions
with adhesive ointment two times daily in
patients with OLP. After four months,
lesions nearly disappear and patients
experience only a slight burning sensation
immediately following the application of
pimecrolimus.’® Other studies have also
been shown partial or complete remission
in OLP patients treated with pimecrolimus
1% cream.'

Consistent to previous reports, in
our study, improvement in both subjective
and objective assessment occurred in all
three patients treated with topical
pimecrolimus 1% cream. Following the
administration of pimecrolimus for four
weeks, nearly complete resolution of OLP
together with symptom improvement were
documented in all patients. Moreover, there
are no serious side-effects in ail cases
during 6-12 months follow-up.Therefore,
pimecrolimus 1% cream has a potential
role to be a novel alternative treatment
of symptomatic OLP in patients who do
not respond to conventional therapy.
However, further studies, are also necessary
to evaluate the relapse rate of patients
with symptomatic OLP upon discontinuation
of pimecrolimus therapy. Long term
follow-up of topical pimecrolimus treatment
in OLP should be considered both beneficial
and unwanted effects.
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Figure 2 After 4 weeks of treatment with pimecrolimus 1% cream, the lesion was almost
complete disappearance

Table 1 The VAS, clinical score and size of the erythematous lesion in each OLP subject
before and after four weeks treatment with pimecrolimus % cream

After 4 weeks treatment

Before treatment
VAS Score Size VAS Score Size
Subject (1-10) (0-5) (mmz) (1-10) (0-5) (mmz)
1 33 2 29 0.7 1 0
2 4.5 2 48 1.7 1 0
3 9.8 3 110 1.8 I 0
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Subacute Effects of Coscinium fenestratum Ethanol
Extract on Blood Glucose Level, Lipid Profiles and
Blood Chemistry in Normal and Streptozotocin-Induced
Diabetic Rats.
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Abstract

Subacute effects of Coscinium fenestratum ethanol extract (CFE) on blood glucose
levels and blood chemistry in normal and diabetic rats were studied by feeding CFE 500
mg/kg/day for 30 days. We measured body weight of each rat everyday. In addition, the
fasting blood glucose (FBG) levels were measured at day 0, 7, 14, 21 and 28 after CFE
feeding using glucose oxidase test. Blood chemistry values were determined before (day 0)
and after CFE feeding (day 31). Then, the organs, including liver, pancreas, kidney, heart,
spleen and lung were collected for pathology examination at the end of the study. We found
that the increment of body weight in normal treated group was significantly lower than that in
normal control group (P< 0.05), however there was no difference between diabetic-controlled
and -treated groups. Interestingly, CFE significantly decreased blood glucose levels in
diabetic, but not normal rats. It did not alter serum cholesterol, triglycerides and HDL levels
in normal rats. In diabetic treated rats, cholesterol and triglyceride levels were slightly
decreased while HDL was significantly increased (P<0.05) after CFE feeding. Although CFE
did not affect the levels of AST and ALT in serum of all rats, it elevated both serum BUN
and creatinine levels in normal rats, These findings were parallel with histological changes in
the kidney of normal CFE fed rats, i.e. tubular cells degeneration and renal cell death. At the
end of experiment, serum BUN levels were increased, but serum creatinine levels were not
changed in both diabetic-control and -treated groups. In addition, the renal cells of these two
groups of rat were normal. In conclusion, C. fenestratum ethanol extract decreased blood
glucose levels in diabetic rats. The cholesterol and triglyceride levels were slightly decreased
while HDL was significantly increased (P<0.05) after CFE feeding. However, its effect on
renal function should be concerned and more toxicological data on renal toxicity should be
studied to establish the safety of this extract.

Key words : Coscinium fenestratum ethanol extract, blood glucose levels, blood chemistry
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Medicinal Plants in Tipitaka
Narumon Lachareungpanya

Central Instrument facility laboratory, Chulabhorn Research Institute

Abstract

Tipitaka is one of the ancient treatises that researchers can take the advantage for drug
development from natural resource. Tipitaka is the fundamental scriptural canon of
Buddhism. It is a large set of treatises which can be divided into 3 major parts; namely,
Vinaya Pitaka, Sutta Pitaka, and Abhidhamma Pitaka. Medicinal plants are mostly presented
in the Vinaya Pitaka (volume of Mahavagga), They are named in the Magadhi language and
have about 34 specific species. Mode and medicinal use of the plants are cited in the way of
Buddhist life. It seems to be very few in comparison with the Ayurvedic Material Medica.
However, it is useful for focusing the research on medicinal plants.

Key words : Tipitaka, medicinal plants, drug development, Ayurvedic
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Introduction

Resear:  :3 on medicinal plants have
been going on intensively during the past
fwo-decades to deteriine the effective
phytochemical compounds with the least
toxicity for production of new drugs. For
achieving this objective, the ancient
medicinal treatise can be used to explore
and determine a medicinal value of the
plants. Besides the well-known ancient

1 treatises in Ayurvedic, Siddha,
and Unani systems of medicine, Tipitaka
is one of the ancient treatises written on
medicinal plants in the Buddhist culture
for more than 2500 years.

History of Tipitaka

Tipitaka is a name of the Buddha’s
teaching used by the Buddhist for conducting
their life. It is a large set of treatises that
there are 45 treatises in Thai-Tipitaka. All
of them can be divided by the subject into
3 major parts; namely, Vinaya Pitaka
(volume 1-8), Sutta Pitaka (volume § _3),
and Abhidhamma Pitaka (volume 34-43).
The Vinaya Pitaka is the part of treatises
established rules and ways that the
Buddhist monks should follow, while the
Sutta Pitaka contained the Buddha
discourses, and the Abhidhamma Pitaka
discussed philosophical systematizations
of life. At first, the texts in Tipitaka were
memorized and learnt as oral traditions by
monks for about 433 years after the
Buddha's death. Later on, they were rehearsed
and inscribed as texts on paimleaves during
the reign of King Vaggaminiahpai in Sri
Lunka. This revised Tipitaka text has been
widely used in most Buddhist countries
until the present.

Medicinal plants named in Tipitaka

Medicinal plants in Tipitaka are
mostly presented in a chapter of disciplines
for monks to use medicine in the volume
5 of Vinaya Pitaka, the Mahavagga
Khandhaka.! They are named in Pali or
the Magadhi language. Medicinal plants in
Tipitaka were classified by parts of plants
that can be used in medicine. These are:
1) mufa means roots, rhizomes, or bulb,
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2) 0] sans whole leaves, 3) phala
means seeds and seedless fruits, 4) jatu
15 balsam, latex, gum resins, or resin,
and 5) kasava means extracted solution
from any parts of plants. Methods for
administration of these medicinal plants
were as oral consumption and perciianous
application by rubbing, dropping, inhalation,
fumigation, or soaking. Pharmaceutical
dosages form of the raw and dr  of fruits/
o rthh o ’ ‘on, tincture, powder
and paste were used in the Buddha’s
lifetime. Supportive it .« “ents of the
medicine were water, ash water, urine
from cows or monks themselves, honey,
butter, ghee, oil, and cane juice. There
were 34 medicinal plants identified
specifically in Tipitaka. It had a few of
plants when compared with the Charaka’s
compendium’, since the Tipitaka recorded
only the medicinal plants that were used
frequently for treating pathological symptoms
of Buddhist monks and easy acquirement.
The illness of monks that usually occurred
at that time was malautrition due to gastro-
intestinal disorders, infectious disease that
normally occurred in October to November
(rainy and cold), and skin diseases. Some of
the medicinal plants in Tipitaka are
presented in the following table. They are
listed in alphabetic order by the Magadhi
names’ in comparison with the botanical
names and families of plant species. **
Mode and medicinal uses of the plants are
briefly stated only that were evidenced in
Tipitaka"® including the general uses from
literatures of many resources. > " 59

Conclusion

There are about 34 medicinal plant
species named specifically in Tipitaka.
The names of plants and ways for
tnedicinal preparation in Tipitaka are
similar to the Ayurveda, an ancient Indian
system of traditional medicine. The medicinal
uses of these plants were established by the
Buddha, therefore, the Tipitaka does not
describe the wide application of medicinal
plants as many treatises do. It specifies
parts of plants for specific symptoms that
occurred to the Buddhist monks at that
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L..ts c. mec___ial plants in Tipitaka

Narwumon Lachareungpanya

Magadhi name'

. 5
Botanical name *
Family name

wrt of plants: c
the TIPITAKA"®
General uses in other ancient treatises)>>"%®

Phyllanthus emblica

Fruit : jaundice, tol..., purgative

isiac)

I. Amalaka = ORBIACEAE (an'tioxldant, alltlllepatO(OXt?, antibacterial,
antifungal, pu N ic,
. ) Root : malnutrition due to gast, uuuvadinal
2. Ativisa Aconitum heterophylium disorder, fever

RANANCULACEAE

fretinmmntin anbidinmdinnn feucoderma, dysuria)

3. addamuttaka

Cyperus rotundus
CYPERACEAE

i _. Inutritiond o
gastrointestinal disorder, skin disease.
(stomachic, anthelmintic, wound healing,
diuretic, antipyretic, stimulant, tonic )

4, Candana

Santalunt album
SANTALACEAE

Wood: eye drug, skin disease
(antidiarrhoea, wound healing, antiemitic,
antipyretic, astringent)

5. Gothaphala

Tribulus terrestris

Fruit: jaundice, morbidness

ZYGOPHYLLACEAE | (analgesic, diuretic, rejuvenative, tonic)

6. Halidda Curcuma longa Rhizome: gastrointestinal disorder, jaundice
ZINGIBERACEAE (stomachic, carminative, anti-inflammation,

antihepatotoxic, peptic ulcer, anticancer)

7. Haritaka Terminalia chebula Fruit: unhealthy due to long time constipation
COMBRETACEAE (purgati  tonic, antibiotic, blood purifier)
Ferula asafoetica Gum fresin : indigestion, headache

8. Hingu (skin disease, laxative, digestive, dysuria,

UMBELLIFERAE

expectorant)

9, Kalanusariya

Ichnocarpus frutescens
APOCYNACEAE

No part identification: eye drug, skin disease
(antipyretic, dyspepsia, and eyesight
promoter are found in leaf and root )

10. Kappasi

Gossypium herbaceum
MALOACEAE

Leaf: fever, muscular and joint pain,
vertigo, dyspepsia, nausea, no appetite
(dysuria, scabies)

11. Katukarohini

Picrarchiza kurroou

Rhizome : Gastrointestinal disorder, appetizer
(stomachic, carminative, appetizer,

SCROPHULARIACEAE . .
antihepatotoxic)
Extract plant: ulcer, boils, abscess
Holarrhena Léaf: fever, muscular and joint pain, vertigo,
12. Kutaja antidysenterica dyspepsia, nausea, vomiting, no appetite
APOCYNACEAE (astringent, antidysenteric, purgative,

stomachic, antipyretic, tonic)

13. Lasuna

Allivn sativim
LILIACEAE

Bulb: have a queasy feeling in the stomach
(hypolipidemia, flatulence, rubefacient,
vermifuge, aphrodistac)

Piper nigrum

Fruit: malnutrition

14. Marica PIPERACEAE (rhinitis, appetizer, asthima, antibiotic)
5. Mugga Phaseolus radiatus Seedsl: n}alnutriti'on . _
' PAPILIONACEAE (nourishing food, urinary disease)
16. Mulalikahi Nelumbium speciosum Rhi.zgme: fe.ver . - N
' NYMPHAEACEAE (anti-inflamation, antihepatotoxicity, cold, debility)
17, Nattamala Jasminum sambac Extracted flowef: itc.h, boils, absces_s, deodorant
' OLEACEAE (antipyretic, skin disease, eye lotion)
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time. The res = scanu these details
to focus their research on drug development
from t me “inal plants. Up to now,

there are many research papers published
on some plants in Tipitaka.
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REVIEWS

Buprenorphine as an Alternative for Treatment of
Opioid Dependence

Somchai Sinchaisuk

Faculty of Pharmaceutical Science, Ubonratchathani University

Abstract

Besides its use as an opioid analgesic, buprenorphine is now becoming more favorable,
as compared with methadone, to be used as an opioid maintenance agent in the treatment of
opioid dependence. Several clinical studies have demonstrated that buprenorphine can be as
effective as methadone in opioid maintenance treatment and has some advantages over
methadone. With its partial agonist profile, buprenorphine has been proved to have high
safety profile, low abuse potential, and low physical dependence. Considering that treatment
of opioid dependence will require long-term commitment, all those properties of
buprenorphine may determine whether a successful treatment can be achieved. This article
will review pharmacology of buprenorphine, including cross-tolerance, physical dependence
potential, its clinical efficacy and its safety profile as well as a review of how to use
buprenorphine as a maintenance therapy for opioid dependence.

Key words : Buprenorphine, opioid dependence
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Over the past years, there have been
only two types of medications for the
treatment of opioid dependence. The first
type is agonist substitution therapy (i.e.
methadone). The second type is antagonist
therapy (i.e. naltrexone), which unlike
agonist therapy, naltrexone does not
produce morphine-like apgonist effects.
Instead, it blocks agonistic effects. Both
types have been effective in reducing
illicit opioid use. However, both therapies
have some pitfalls. Methadone, the
standard substance in the substitution
therapy of opioid dependence, stili has
high abuse potential and high level of
physical dependence, whereas naltrexone
has difficulty to retain patients in
treatment due to its lack of desired
positive agonistic effects,

With the discovery of multiple
opioid receptors, newer opioid analgesics
(mixed agonist/antagonists) have been
developed to take advantage of the
pharmacologic effects mediated by these
receptors. This development effort has
been aimed primarily at reducing the
abuse potential and physical dependence
property of these medications, while
maintaining analgesic efficacy. Buprenor-
phine is one of those newer opioid
analgesics. It has high affinity at both mu
and kappa opioid receptors. It is a partial
agonist at mu opioid receptor but acts as
an antagonist at kappa opioid receptor.
This unique pharmacologic profile has
provided an opportunity to develop an
alternative treatment for opioid dependence.

Pharmacology of Buprenorphine

Pharmacokinetics

For the treatment of opioid depen-
dence, it is very important that injectable
forms of administration be avoided. Other-
wise, this can lead to the spread of
infectious diseases such as HIV, hepatitis
and other parenterally transferred infections.
Since buprenorphine is less well absorbed
when taken orally, and is quickly meta-
bolized by the liver, known as the “first pass
effect”,"” sublingual administration has been
the primary route used in studies of clinical
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efficacy for freating opioid dependence.
When taken sublingually, buprenorphine
is well absorbed with 60-70% of the
plasma concentration achieved by the
parenteral route.’ The drug is widely
distributed throughout the body wiih a
peak plasma concentration at approxi-
mately 90 minutes and a half life of 4 to 5
hours. Buprenorphine is highly bound to
plasma proteins.” It is highly lipophilic
and brain tissue levels far exceed serum
level. Buprenorphine is metabolized in
the liver by the CYP450 3A4 enzyme
system.*” It undergoes N-demethylation
and  conjugation.”®  Buprenorphine’s
metabolite, norbuprenorphine, has more
potent respiratory depressive effects than
the parent drug,™ although the analgesic
effect of norbuprenorphine is one-fiftieth
that of  buprenorphine  following
intravenous administration.” At present,
there is no evidence that norbuprenorphine
activity is responsible for effects observed
in the treatment of opioid dependence.’
Because of its high lipid solubility,
buprenorphine is also expected to be
active by intranasal route."

Pharmacodynamics

Buprenorphine, generally described
as a mixed agonist/antagonist opioid," is a
semi-synthetic opioid derivative of the
thebaine.' It acts as a partial agonist at the
mu opioid receptor, characterized by a
reduced intrinsic activity compared to the
pure agonist.”"? Buprenorphine also has
the propertics of a weak kappa opioid
receptor antagonist (i.e. it does not show
any intrinsic activity on this receptor but
can block agonistic effects).”'"* Clinically,
the effects of buprenorphine are primarily
expressed through the mu opioid receptor
and are similar to those of full agonists
like morphine and methadone.'® Because
it is a partial agonist, its effects plateau at
higher doses, and it begins to behave more
like an antagonist. This antagonistic activity
in higher doses limits the maximal analgesic
effect and respiratory depression.”” This
a so-called “ceiling effect” confers a high
safety profile, a low level of physical
dependence and only mild withdrawal
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symptoms upon cessation after prolonged
administration. These qaulities make it
advantageous for the treatment of opioid
dependence.“"'n'23 Moreover, slow dissocia-
tion from the opioid receptor of buprenor-
phing provides a long duration of action,***
which allows dosing schedules to be varied
from several times daily to several times
weekly.

Although buprencrphine alone, taken
in the form of a sublingual tablet, is
efficacious and possesses other desirable
therapeutic characteristics (i.e. high safety
profile and low level of physical depen-
dence), a combination containing buprenor-
phine and naloxone has been developed in
order to decrease abuse and misuse. The
addition of naloxone, whose its sublingual
bioavailability is poor,”®”’ results in only
buprenorphine effect when the combination
tablet is taken by the therapeutic (i.e.
sublingual) route.® However, if the combina-
tion is injected, the naloxone effect
precipitates opioid withdrawal, thus detering
intravenous abuse.”*” The issue of limiting
buprencrphineg’s abuse liability with naloxone
is complicated by the fact that naloxone
does have some sublingual bicavailability.
Thus, the buprenorphine : naloxone ratio
must be chasen carefully in order to avoid
naloxone effects when the combination is
used as intended. It was determined that the
optimum combination is a 4:1 ratio of
buprenorphine to naloxone” and tablets
containing 2/0.5 and 872 mg of
buprenorphine/naloxone have been developed.

Cross-tolerance

Tolerance, defined as a decreasing
effect of a given drug following chronic
administration of that drug, normally is a
problem when opioids are used as analgesic
agents. When they are used for the
treatment of opioid dependence, however,
it is an adventage. For example, tolerance
to methadone maintenance therapy develops
cross-tolerance to other opicid drugs such
as heroin,”’ and this helps reduce illicit
drug use since heroin abuser will no
longer entertain the positive effects, which
if not due to methadene cross-tolerance,
would occur from the use of heroin. In the
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case of buprenorphine, due to its unique
pharmacological profile, reducing illicit
drug use may be through the development
of cross-tolerance or through pharma-
cological antagonism.’***

Buprenorphine-induced physical
dependence

Although having low intrinsic activity
at mu opioid receptor, buprenorphine does
produce physical dependence as demon-
strated by the ability of pure opioid receptor
antagonists (i.e. naloxone and naltrexone) to
precipitate an opioid withdrawal in patients
maintained on buprenorphine.*** The
physical dependence, however, is considered
to be low, as when compared to patients
maintained on a full mu agonist such as
methadone, higher doses of the opioid
antagonist naloxone are necessary to
precipitate withdrawal in patients maintained
on buprenorphine. Clinically, spontaneous
buprenorphine withdrawal symptoms can
be observed after several days following
abrupt cessation of buprenorphine treatment
and is usually described as mild to moderate
in intensity.’®*' The symptoms include
runny nose, watery eyes, hot flashes,
lethargy, nausea, diarrhea, restlessness, and
irritability.'**" Gradual reduction, rather
than abrupt termination of buprenorphine
would likely result in no opioid with-
drawal symptoms.

Clinical efficacy of buprenorphine

A series of controlled clinical studies
firmly established the clinical efficacy of
buprenorphine. Some of the study were
designed to compare buprenorphine to
placebo, either to “active” or “inactive”
placebo, and others compared buprenorphine
to methadone. Retention in treatment and
abstinence from itlicit opiate use (commoniy
assessed by urine toxicology) were utilized
as primary outcome measures of success,
but other measures, such as request for
dose changes, withdrawal symptoms and
reduced heroin craving were also employed.

Buprenorphine versus placebo

In a double-blind trial designed to
assess the early clinical effectiveness (1-2
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weeks) of buprenorphine compared with
placebo,” subjects were randomly assigned
to received either 2 mg/day or 8§ mg/day
buprenorphine or placebo over a period of
14 days. Between day 6 and 13, the
subjects were then given the option of
receiving an altered dose. A randomization
was then carried out to one of the other two
treatment groups to which the subjects did
not belong. The alternate dose then had to
be taken up to and including day 14. The
results showed that subjects treated with
buprenorphine, irrespective of their dose,
requested fewer dose changes, used less
illicit opiates and reported higher ratings
of medication adequacy than those treated
with placebo.

Two other studies that compared the
buprenorphine and placebo also showed
higher maintenance rates and less illicit
opiate use in subjects treated with
buprenorphine, "

In another randomized, double-blind
study designed to evaluate the safety and
efficacy of 8 mg/day buprenorphine
compared with 1 mg/day buprenorphine in

maintenance treatment of opioid depen-

dence®, subjects were treated with buprenor-
phine over a period of 16 weeks. Since the
administration of placebo to patients who
are addicted to drugs is regarded as unethical,
a dose of | mg/day buprenorphine was
regarded as an “active” placebo. The results
showed that subjects treated with 8 mg/day
buprenorphine had higher maintenance
rates and less illicit opiate use than those
treated with 1 mg/day buprenorphine.

Similar results were observed in
several other studies™*®, in which subjects
treated with 8 mg buprenorphine showed
higher retention rates than those treated
with 1 mg or 3 mg buprenorphine.

Buprenorphine versus methadone

In a double-blind study with a
comparison of parallel groups®, subjects
were randomly assigned to receive 8 mg/day
buprenorphine, 20 mg/day methadone, or
60 mg/day methadone. In term of main-
tenance rates and the percentage of opiate-
negative urine, buprenorphine showed
significant superiority compared to 20
mg/day methadone and an equivalence
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compared to 60 mg/day methadone. The
results were similar to that of a further
study™, in which the subjects could changes
their own dose until achieving an optimal
dose response following an initial stabili-
zation at buprenorphine 8 mg/day or metha-
done 50 mg/day. The mean maintenance
dose was 8.9 mg/day buprenorphine and
54 mg/day methadone. Both drugs were
effective on measures of treatment retention
and opiate-free urine. These results were
further confirmed by a study with similar

flexible dosage protocol.” This variable

dose study resulted in a mean stabilization
buprenorphine dose of 10.5 mg/day and in
a mean stabilization methadone dose of
69.8 mg/day. The percentage of opioid-
free urine and heroin craving scores were
similar in both groups, although retention
rate was significantly better in the
methadone group.

Similar results could also be observed
in several other studies. A 17-week, double-
blind study** showed that 7-14 mg/day
buprenorphine and high dose (60-100
mg/day) methadone were equally effective
in term of maintenance rate and the
percentage of opioid-free urine, Both high
dose methadone and 7-14 mg/day bupre-
norphine were superior to low dose (20
mg/day) methadone. A recent published
study compared the efficacy of bupre-
norphine and methadone in the treatment of
opioid dependence. The results showed that
9.2 mg/day buprenorphine and 81.5 mg/day
methadone were equally effective in term
of retention in treatment at 12 weeks.

In contrast, better maintenance rates
for methadone were demonstrated by other
studies.”>  This could be due to the
relatively low dose (2, 4 and 6 mg/day) of
buprenorphine utilized in comparison with
appropriate dose (65 mg/day) of methadone.
Better maintenance rates for methadone
were also observed in a study’, in which
an appropriate dose of 8§ mg/day bupre-
norphine was compared to relatively high
dose (80 mg/day) methadone.

Safety profile

Because buprenorphine is a partial
agonist with relatively low intrinsic activity, it
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should limit life-threatening respiratory
depression, contributing to a safety profile
that is better than that of methadone, a full
mu opioid agonist currently used in the
treatment of opioid dependence. For example,
when buprenorphine was administered to
non-dependent individuals, respiratory de-
pression was increasingly related to bupre-
norphine dose over a range of 1-4 mg, but
this dose effect began to level out at higher
doses; administration of 32 mg bupre-
norphine produced no greater respiratory
depression than that produced from 16 mg
buprenorphine.”” The safety of bupre-
norphine may be even greater in opioid-
tolerant individuals, as snpported by studies
showing that buprenorphine-dependent
subjects can receive substantially higher
doses than their usual maintenance doses
without signs of toxicity. For example,
administration of 16 mg buprenorphine in
patients normally getting 8 mg bupre-
norphine daily produced no adverse effect.”®
The most compelling evidence for the
excellent safety of buprenorphine may
come from the fact that there is almost no
lethal overdose cases associated with res-
piratory depression produced by bupre-
norphine alone™, despite the extensive use
of buprenorphine as an analgesic. Bupre-
norphine has been approved for the
treatment of opioid dependence in France
since 1996 (currently, it has also been
approved in Australia in 2001 and in the
US in 2002), a series of overdose deaths
were reported. The vast majority of these
cases resulted when buprenorphine and
benzodiazepines were concomitantly abused
via the parenteral route.””®' When compared
to methadone, the death rate from bupre-
norphine overdose is still far less; the
estimated risk of overdose death is at least
5 times higher for methadone than for
buprenorphine.”

Some considerations before getting
start on buprenorphine

Because buprenorphine is a partiai
mu opioid agonist and consequently has
low intrinsic activity compared with full
mu agonist, it can precipitate with-
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drawal in opioid-dependent animals and
humans.**% These studies suggested
that heroin- or methadone-dependent patients
may experience opioid withdrawal when
they initially receive buprenorphine, thus
potentially hindering induction onto clinically
effective maintenance doses. Therefore,
prior to administering the initial bupre-
norphine dose, consideration should be
given to three important factors. These
factors include

1. The time since lust opioid use.
The likelihood of buprenorphine-induced
precipitated withdrawal increases as the time
interval since last opioid use decreases.
Because mild withdrawal has been observed
at a time interval of 2 hours since last opioid
use®, the administration of the initial dose
of buprenorphine in patients dependent on
opioid should be delayed for at least 4
hours after the last ingestion of opioid.

2. The type of opioid dependence
(i.e.long or short-acting opioid). Patients
dependent on shorter-acting opioid (heroin,
morphine) may be less likely to experience
buprenorphine-induced precipitated with-
drawal than those dependent on long-acting
opioid (methadone).”*"*® A longer time
interval between methadone and subsequent
buprenorphine dosing is recommended
depending on the dose of methadone. For
low dose of methadone, the initial dose of
buprenorphine can begin at 24 hours after
the last ingestion of methadone.”””® For
higher doses of methadone, the initiation
of buprenorphine can be delayed for more
than 24 hours after the last ingestion of
methadone.”

3. The degree of opioid dependence.
The buprenorphine-induced precipitated
withdrawal could occur if the degree of
opioitd dependence is high. For example,
patients dependent on >40 mg daily of
methadone should reduce their use to 40 mg
daily or less of methadone before the first
dose of buprenorphine is initiated.”

Buprenorphine maintenance therapy

Initial dose of buprenorphine

In most studies, the starting dose of
buprenorphine administration on the first
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day has been 2 mg of sublingual solution.
However, 4 mg of buprenorphine can be
administered without causing an opioid
withdrawal in opioid-dependent patients.
If there is concern for possible precipitation
of an opioid withdrawal, the first daily
dose can be split with the second half
administered 3-4 hours after the first dose.
Induction onto a dose as high as 16 mg of
buprenorphine has been accomplished by
administering 2, 4, 8, and 16 mg of
buprenorphine on day 1-4, respectively.”
However, the objective of induction should
be to achieve a maintenance dose {i.e. 16
mg) as quick as possible (i.e. within 2-3 days).

Maintenance dose of buprenorphine

For most patients, an initial target
dose should be 12-16 mg of daily bupre-
norphine. If illicit opioid use or withdrawal
continues, then the dose should be increased.
The minimum dose increase possible is
increment of 2 mg.

Discontinuing buprenorphine

Abrupt discontinuation of bupre-
norphine produced a mild to moderate with-
drawal***"" Gradual dose reduction is
recommended over rapid dose reduction
or abrupt cessation since the former has
been shown to provide less self-reported
withdrawal, increased retention, and less
illicit opioid use.

Less-than-daily use with bupre-
norphine

Because of buprenorphine’s long
duration of action,”>’*" less-than-daily
dosing with buprenorphine has been
suggested. 237 Less-than-daily dosing
would likely improve buprenorphing’s
clinical acceptability to patients who are
receiving their medication through a clinic
by reducing the required number of clinic
visits. Currently, it would be best to
recommend a thrice-weekly schedule (e.g.
Monday, Wednesday, and Friday), although
additional studies of twice-weekly {(e.g.
Monday and Thursday) dosing may show
this schedule is equally effective and also
liked by patients. For patients on daily
buprenorphine who are switching to thrice-
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weekly buprenorphine, doses ingested on
medication days should be increased to
compensate for the longer time period
between doses. Because buprenorphine is
a partial agonist, maximum agonist effects
are below that expected for a full agonist,
Thus, increases in the daily doses are safe
and well tolerated by patients.

Summary

Clinical studies provide solid support
for the use of buprenorphine in the
treatment of opioid dependence and
demonstrate an equality in the efficacy of
buprenorphine and methadone. This suggests
that these two medications can be used in
opioid-dependent patients with equal success.
However, buprenorphine seems to be a
better choice, since, for example, it has
better safety profile and more limited
physical dependence.

Buprenorphine’s partial mu opioid
agonist profile is responsible for its high
safety profile, decrecased abused potential
and a low level of physical dependence.
Buprenorphine aiso has the ability to blunt
the effects of concurrently administered
opioid, either through cross-tolerance or
pharmacological antagonism, reducing the
risk of illicit drug use. Furthermore,
buprenorphine’s high receptor affinity and
slow dissociation from its receptor help
provide its long duration of action and
make less-than-daily dosing possible, which
may result in higher acceptability in some
patients. However, despite its low abuse
potential, buprenorphine can produce mu
agonist effects, especially with the parenteral
use. The likelihood of parenteral abuse
can be reduced by using a sublingually
administered combination medication con-
taining buprenorphine and naloxone.

In conclusion, buprenorphine can be
an effective, safer alternative for methadone
in the treatment of opicid dependence.
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REVIEWS

Koi : Medicinal plant for oral hygiene

Sopit Wongkham', Suwimol Taweechaisupapong?

"Department of Biochemistry, Faculty of Medicine, Khon Kaen University
*Department of Oral diagnosis, Faculty of Dentistry, Khon Kaen University

Abstract

Study of natural products for disease prevention and health promotion is popular in the
past decade, including oral hygiene. Koi (Streblus asper Lour), a medicinal plant, has been
known for long time for its potential activity in oral hygiene, especially tooth and gum. No
toxicity of Koi extract was shown in acute and sub-acute toxicity test in experimental
animals. Several experimental studies indicate the anti-bacterial activity of Koi extract
towards dental caries associated bacteria, endodontic and periodontal pathogens. In addition,
Koi extract could inhibit the adhesion of Candida albicans to human buccal epithelial cells
and acrylic.

Using toothpaste or mouth-rinse containing Koi extract could decrease the total
number of oral Streptococcus. mutans. Rinse mouth with Koi extract only once for 1 minute,
significantly reduced number of oral S. mutans within 30 to 60 minutes and retumed to the
original base line at 3 hours Moreover, rinses mouth with Koi extract twice a day for 4 days,
significantly reduced gingivitis as compared to those rinsed with distilled water.

The evidences from experimental and human studies indicate the potential
development of Koi extract as a natural product for oral hygiene.

Key words : Streblus asper, antimicrobial effect, anti-inflmmatory effect, adhesion
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Medroxyprogesterone Acetate and Anticancer Effect

Nisamanee Satyapan

Department of Pharmacology, Phramongkutklao College of Medicine

Abstract

Hormone or agents related to hormones are being used in combination with other
methods to treat some types of hormone-dependent cancer (e.g. breast cancer, ovarian
cancer, prostrate cancer). By which progestational agents are useful as second-line hormonal
therapy for metastatic, hormone-dependent breast cancer and in the management of
endometrial carcinoma previously treated by surgery and radiotherapy. Progesterone itself is
inactive when given orally due to first-pass hepatic metabolism. However, substitutions of
such 17-esters at the 6-position of the B ring yield orally active compounds such as medroxy-
progesterone acetate (MPA). MPA is one group of progestins contains the 21-carbon skeleton
of progesterone. It is highly selective and have a spectrum of activity very similar to that of
the endogenous hormone. In many biological systems, progestins enhance differentiation and
oppose the actions of estrogens to stimulate cell proliferation. This action of progestins may
involve decreases in estrogen receptor levels, increases in local metabolism of estrogens to
less active metabolites, or the induction of gene products that blunt cellular responses to
estrogenic agents. MPA also has androgenic and anabolic effect without estrogenic effect.
The drug is metabolized in liver and excreted in urine so that it is contraindicated in severe
hepatic discases, as metabolism of MPA will be decreased and accumualation of active drug
will occur. Uncommon adverse effects are similar to those found in other progestins, included
psychic depression (due to increase level of monoamine oxidase). MPA has been reported to
cause either no effects or modest reductions in serum HDL levels. In a number of placebo-
controlled clinical trials, high-dose medroxyprogesterone acetate (HD-MPA) was shown to
be effective in treatment of hormone—dependent cancer when used in combination with
chemotherapeutic drugs or irradiation, HD-MPA help reducing hematological toxicity from
radiation, It also has myeloprotective effect thus prevent leukopenia in patients on
chemotherapy as well as pain relief in bone metastases. Moreover, HD-MPA will improve
quality of life, as it will stimulate appitite and gain weight in patients taking the drug. This is
due to its anabolic effect .

Key words : high-dose medroxyprogesterone acetate, hormone—dependent cancer, anabolic effect .
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Sulssmunsiar 500 Radnfy Juar 2 ah
[hinm 6 oy nduit 2 $u 110 Naldy
gvaan WuhauAn1Iaiuas leukopenia Tugle
wrdausuauarns i ldluglasy MpPa
@‘hn’hmiumnmnmhqﬁﬁaﬁnﬁ’m (P < 0.02)
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3 e 21 e Alesumsaededaaud
UNTIAN — SUNAN 1994 ( W@, 2537) WUl
gihedu 2 ngu nduusndau 10 91 ldsu
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DRUGS

Cytarabine

Laddawan Senggunprai

Depariment of Pharmacology, Faculty of Medicine, Khon Kaen University

Abstract

Cytarabine is an effective chemotherapeutic agent for the treatment various form of
leukemias, particularly acute myelogenous leukemia (AML). Action of cytarabine is
dependent upon intracellular phosphorylation, via cytidine kinase, to its active metabolite
cytosine arabinoside triphosphate (Ara-CTP), the nucleotide responsible for the inhibition of
DNA polymerase and can be incorporated in place of normal substrate of DNA synthesis,
dCTP. Generally cytarabine is used in combination with an anthracycline in the treatment of
AML. These regimens induce high complete response rates in newly diagnosed AML
patients. However, clinical outcome is unsatisfactory, as most of the patients will eventually
relapse and often with resistant disease and poor response to subsequent therapy. Efforts to
improve clinical outcome for refractory or relapsed AML patients have focused on
developing more effective combinations of antincoplastic agents. Several studies have shown
the achievement of significant progress in the treatment, for instance the combination of
topoisomerase-I inhibitor, topotecan or irinotecan, with cytarabine. Moreover high dose
cytarabine therapy (HDAC) has represented a major focus of interest in AML clinical
research as post-remission treatment. Many studies have demonstrated that repetitive HDAC
offers substantial advantage in terms of prolonged disease free survival duration and
diminished cumulative incidence of relapse, especially in subtype 8;21) and inv(16)/t(16;16)
AML patients,

Key words : cytarabine, acute myelogenous leukemia, high dose cytarabine
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Cytarabine

Synonyms Cytosine arabinoside,
Ara-C, Arabinosylcytosine
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phosphorylation  I@BMSHIIUYAN  nucleoside
monophosphate kinase 1aiflu Ara-CDP uax
MuMBMIAaUZAsen  phosphorylation lae
tauledl nucleoside diphosphate kinase Tadlu
Ara-CTP (Eﬂ‘ﬁ 2)
o .

Ara-CTP Bully active form d@m13n
HUERMSANATIEY DNA lasshumavaenaln
laun

159

- UMM IuBaY C-DNA poly-
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Tour eauld avdou Fuflummsiduwusio
pnailesy  wasannsetlasiulédemud
anday, dinaws, veudn, metallic taste,
fpathnanigunan g, nsuwizesoniay,
AUBBUDNLEL, UWNA LUEBIMaiUEIS

3. w4

wumstheamsitaesmainuislatas
%qlﬁuﬂ' erythema, skin ulceration, alopecia,
pruritis, urticaria Waz cellulitis

4. oU

mshadsaRmtugulees  meieu
daeuiioUnd  fimstiviuzesUSinooulu
Tuau waziiannz hyperbilirubinemia

5. szuuiszain

TugAldFuen cytarabine Tumnegawuh
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et uinifetuiuaneedIu cerebellar laun
JUdY, ataxia, nystagmus, slurred speech Wusu
wonmmsazfeluieiui 4-5 gaamsinm
wavazaan 4 Wuauludn 4-7 Tudan ug it
yNALWUIIINEIesEvudszanldannsn
HAudunduanle AU TUUTIABN DN TTNLAEN
mssuseamiieaduiudiumnaenilaiu
mguaethy 1WA Meinvzesduussle
PIMSINLAEIAY ']mq's:wﬂ‘szmwﬁwuﬁaa
leun peripheral and sensory mneuropathies,
bracial plexopathy, bilateral rectus mnscle palsy,
parkinsonism, dizziness, seizures a2 headache

6. szuumila

smsthadaimiuszuumelaleun
respiratory distress syndrome, sore throat,
esophageal ulceration, esophagitis, pulmonary edema

7. szuulnadsuian

mmyaAARaiulaun cardiomegaly,

pericarditis L& thrombophlebitis
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8. la
¥ o ¥ . .
aMIUARIWULAUD urinary retention,
hyperuricemia
9. o
81 cytarabine ¥Ol¥tinaimsinde
d ' C - |
WENfu laun conjunctivitis, keratitis 2NE1M190
Uasiulaenemsldenmeanem  glucocorticoid
wazvin 14Lfie photophobia
10. 39
¥ oo < & o _—
PIMIPUANDY TAWUTRGENT “Ara-C
L} L &
syndrome” leun mm‘s‘thﬂnisgmta:naml.‘ua,
o » & [ a A
@umbhan, Wuld, sauwds, auauasiiui
I B TP wer
HINTR M liunaufiaruvasRIn la auen
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6-12 FHIUALABUAUBIHBNITINHIAIY

corticosteroids
UfRGenfumdy

1. msldn cytarabine Taafueni i
@ole  (nephrotoxic drugs) Huaaamshyn
Ara-CTP  panaininmavnlvitiialanmaiay
HRDIMIAYIINNS LY cytarabine

2. Cytarabine HHAAONIQATNYD oral
guinolones L& digoxin

3. Cytarabine HnaanUsznimwaasen

a4 o & .

flucytosine LUBNINBIVENNT uptake &1 flucytosine
&

(LA E e,

@157 1 Onset aasmstiaImtradesanmslden cytarabine® & 7™
Organ site Side effect Onset
Hematologic Myelosuppression E
Gastrointestinal Nausea and vomiting I
Diarrhea E
Stomatitis E
Abdominal pain E
Dermatology / skin Rash E
Alopecia E
Hepatic Elevated liver function tests E
Hepatotoxicity E
Central nervous system Cerebellar toxicity ItoE
Seizures 1
Peripheral neuropathy E
Respiratory Respiratory distress syndrome I
Pulmonary edema E
Ocular Conjunctivitis E
Reproductive Infertility L
Others Ara-C syndrome l
Fever 1o E

I: immediate onset (hours to days), E: early onset (days to weeks), L: late onset (months to years)
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WHANTSANYINIIARED

1. sl cytarabine ﬂlﬂéﬂ)ﬂ acute myelogenous

lenkemia

Acute myelogenous leukemia W38 acute
myeloid leukemia (AML) %38 acute nenlym-
phocytic leukemia (ANLL) Aalsauziams

= d 3 . .
SEUUERNTIAIRTIWY immature blood-forming
cell nannagludasuarlunszan wadivaril

o N o

zgnuldenuuaaithudioidanpiin granulocyte
4 P & ¥

U8z monocyte JenzilaIMNUILAEIINNINE

38nT leukemic blasts ugtduadn lianyol

[} [ v IJ L =
uazlieninsommihflaaadnd  wazsuniu

ar o ol a

AsTUIUMSEIATIEHIaaNUNG
Cytarabine t{lu first-line chemo-
. o £
therapeutic agent Tunssnw AML 2ang o
({lu S-phase specific drug lagnluimbnly
TIWAY anthracycline (daunorubicin hydrochloride
W38 idarubicin hydrochloride) UBNYINEN

. o L

cytarabine zgmhinldidaminwadusde
.. & d w '
(remission)  Hadumslianlugrausnaaims
O I . v .
SnNI38NT induction regimen LN 1 cytarabine
gadiussAniniwiludineey  consolidation
o d . .
therapy Ftflumsineniflamsn leukemic cell
o o P ' = as w oo ¥
heanasndanduaniiatlasdumsnduium
284150 (relapse) Uarlua maintenance therapy
mpidufiu  asalsienubawiien  cytarabine
P = PYIE, o o
aziidssAndambuddgvindnazwutanslu
msinngvaeia mMafia early disease
il = & 15-17
recurrence  wazlgywimatiamsnadatn
@ . ok P o
Jamldiimsdnsmesdiinnaamsdnyuien
a a . ' as o A
flumsin  cytarabine s lamduenylindu q
Tumssnw AML Teoawe relapsed Uaz
é L L L1 T
refractory AML #ainazlanalumiinmdau
19 relapsed AML winadagiheiinauanil
ol o J ar ar
aymsznalindnmenasnnilazumsineud)
dul refractory AML wanaiagfiheiliaauauns
1 ar o 1] ar ‘2’ o é
aamsinw  mahsunldsnuiuiiviauae
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snlszAndamwlumsinm iy complete
remission Tate UATAASATINILAANISHBABEN
PANLTAA N

fnsfnwimeadiinluszae Phase 1711
wuamenulul 2004 NlavnmsEnweana
msl#n topotecan Faangnsiiiu topoisomerase-1
inhibitor 30U cytarabine "lmjﬂm relapsed or
newly diagnosed myelodysplastic syndrome
{MDS) ez chronic myelomonocytic leukemia
(CMML) uae relapsed AML digihadhily
msAn 21 au (11 ey AML war 10 au
Wy MDS/CMML) gihaugazaulaiumsinm
@Y regimen ﬁ'ﬁﬁ 1.25 mg/m2 topotecan lan
19Uy continuous intravenous infusion nni’u
turan 5 U uaz 1.0 g/m’ cytarabine Tapld
WU infusion ({uszazne 2 F1lus nnu
a5 fu ssvasmialindda 28 Su i
TasumsTvendiavan 37 58U wansAnEWIh
non-hematological side effect ﬁwumnﬁ’qmﬁa
I3 %qwu'lucjﬂﬁﬂ 17 m (89%) liwu
gihedsiiailasnnaimafivainm  uadl
tdibe 2 nedeiiomely 1 Wouwdudim
Tumsdnwidissnnmssuiulyzadlsa Tums
ANWIWU complete remission Tugthe 7 T8
(35%) Fuilugdihn AML 4 390, Wy pactial
remission Tugie 8 518 (38%), liwuns
wWasuulawaslse 2 T (109%) waswund
mamiulaslsaiinduluginng 4 s (19%)
HadgUA median remission duration yaag e
AML 8 11 #la (2-49 dlani) uer
survival time gasgftheogh 82 dlonw (2-119
&umv) madnunilamea topotecan dnsath
14570/ cytarabine (fiatfiayssansnwly
mssnengihe AML uazsnansethanlzlelugthe
a1y 60 YwimnnatiwizAauinyoends™

WAl 2005 dimsoumsdnsientums
1den irinotecan ﬁaaannwﬁzﬂu topoisomerase-1
inhibitor (HULAENAUEN topotecan BeUEENEMW

o Wy ) . ad )
Tumsthanld5uny  cytarabine Hnaunasll




164

msAnmvadinanzgidalainsdnyiuuy
in viro TNWAWENMIIFEN irinotecan 1A
cytarabine T4 human AML cell line WazwuieN
W 2 wieaangritauiulumsmdamadume
Tumsdnwmeadiinlainistiien  irinotecan
LG EREIT cytarabine Tu@'ﬂiﬂﬁtﬁﬂ refractory
or relapsed AML ¥AIRINIAIUNMSSNYIGNE high
dose cytarabine W8¥ anthracycline chemotherapy
T 14 e fiheerleiu irnotecan Tumnaen
t%uﬁuﬁ 5 mg/m’ WU intravenous infusion (over
90 min) Tuazasailusyaziom 5 u wdsan
1651 irinotecan (flunan 12 Hlus giheasld
Fu cytarabine Tuawe 1 g/m2 intravenous
infusion (over 60 min) VUIALIGIHNUDY
irinotecan A 30 mg/m* lums@nmasillaing
Lﬁuﬁaaziw,ﬁaﬂmn@'ﬂamﬁaﬁwmﬁLﬂ'ﬂxﬁ
pharmacokinetics itd¥ pharmacodynamic effects
YBIENGE WANSFENMIWY complete remission
Tugthe 2 5w ms@nnifagluad ininotecan
fFnsmhan@9Iuny cytarabine loathatlaaant
waztmasngnamlumsinm relapsed or
refractory AML"
fienamilaviliinenumsdnmaann
Tudl 2005 Selssavamwlumsthinldsunu
cytarabine Lﬁ:a%’ﬂﬁ1 relapsed Wa% refractory
AML @@ clofarabine %38 2-chloro-2’-fiuro-
deoxy-9-beta-D-arabinofuranosyladenine fé\‘i
udJuﬂﬂum-iu second generation nucleoside analog
1 clofarabine ABNOVAYY potent inhibitor of
ribonucleotide reductase  MsAnENTIUMIANN
maadiinluszee phase 1711 JgUhedsmms
Anw 32 98 NNeMALURETRERD clofarabine
40 mg/m2 intravenous infusion {over 1 hr) Uay
WINN1GFUEN clofarabine 4 FTag Htheasld
Fu cytarabine U6 1 g/m2 intravenous infuston
(over 2 hr) @'ﬂuﬂlﬁ%'umﬁv'q 2 wfindifusza
RANNY 5 TU MaNSANHIWU complete remission
'ng‘l]’.ltl 7 8 (229%) LasWU complete remission

with incomplete platelet recovery Tuglthe 5 51
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(169%) @1 overall response rate fn 38% ﬁt\-lfﬂ?ﬂ
3 TioAliaauausigamsinm miﬁnm{fa;ﬂ
&I clofarabine  HWaTIBLANMSHEANY B
Ara-CTP "ﬁﬂﬂumsaaﬂqn'ﬁ(ﬂm cytarabine 24
fnavinddnsmwlumsinm uasansald
clofarabine SNV cytarabine leathalaaade *°

wanannmsiien 2 ritesnulumsinm
AML §afimsAnsnieuy multicenter phase 111 34
s dludl 2004 ¥hmsAnwuazasnslim
3 gliesufulumssnm AML Taun cladribine,
daunorubicin Wi cytarabine TumMsANHIMUINGY
dihwaantilu 2 nguda najuﬁ 1 (n=200)
1ei5utn daunorubicin + cytarabine + cladribine
ua:ﬂzju’ﬁ' 2 (n=200) falg3uen daunorubicin
+ cytarabine BUNOERA LG SULazA UMW
AvSuaIueazalfa  deunorubicin 4MIAY
60 mg/mzlday *?u'ﬁ' 1-3, cytarabine Rl
200 mg/m’/day Tufl 1-7 way cladribine WU
5 mg/m?sday WiUA 1-5 samadnmwrinly
nziuﬁlﬁ'%’um 3 wlail complete remission rate
649 Tganiinguildum 2 ol complete
remission AU 479 asndlisdagmaai
m‘snﬁmﬁumnmLﬁwﬁu“luﬁv'qaaqnfiu ANy
hsilugaamasiiszaznawey 3-year lenkemia-
free survival (LFS) ehwiugfthanguuinde 43%
wardwiunduiiaasda 3% warlugihaiiang
winnh 40 Twuhndaeldiven 3 wiladl LES
ﬁajqniwnzimﬁlﬁ%’um 2 #ileateiiioddgy
wuadd msfnniiagiimsliin  cladribine
SyufUEN daunorubicin W@¥ cytarabine TUMTINE
AML ﬁNaLﬁ;N complete rernission rate L'.a:Lﬁ‘N

survival 984 Q’ﬂaﬂl@i" A

2. N15lAH cytarabine #uIOFI (high dose
cytarabine) TUN155n1 AML

MINBUAUAIREMIINEIILLN cytarabine
L@y anthracycline Tu4 induction therapy a4
fhe AML defiogiesnh 60 U wuhil
complete remission rate 70-80% aenalafenu
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ftheaziilamafamsniudiudusdlsngs &
Tafldumsdnunaaiiiaaliuz e consolidation phase
ﬁﬂﬁuﬁﬁﬂéﬂlﬁ’iﬂ post-remission  therapy Win
m33nt Ui consolidation phase Hermuddny

2 dmsdnm

senvnnlumsinwgdthy AML
WUIMS Y standard dose chemotherapy dwsu
consolidation phase ﬁﬂﬁ’t’é’ﬂ’lﬂ AML LNEN 25%
ﬁﬁqmﬁmw complete rermission 13la™> ﬁ']EILHﬁ]‘fl’
Jaflamunenenufiasldmsinmuuuduluga
post-remission wumsilgnialanszgn usiilas
mnﬁ%‘ﬁmmsmiﬂﬁwa'luﬁﬂmmqﬁammxﬁ'\aﬁ
fomnfiasnmn  Sedalaidudifeldnmin®™®
dnmudanvilieiidaulavmsAnmnfonsly
high dose cytarabine (HDAC) lumssnunegilae
AML T4 consolidation phase™ ™ Fananams
anwliuaiiuiihwala udaghelsioauwuih
adawilsiiinasamsaausuaddumsinmeis
HDAC # cytogenetic subtype ?JE]\‘if;lTﬂ?El AML®

annsaudenguthe AML asniilu
subtype 14 MmNanwazeMNEaUNGuEius
WwaduziSe (cytogenetic abnormality) BmanT
cytogenetic subtype 2898t fiUslordlumaih
intgmaazulunisnauauaidamsnelay
maeniiuluadsald cytogenetic subtype Aiwy
Tddeglugihe AML Tdun subtype 1(8;21)
(q22;422) ﬁﬂﬂﬁlu@lﬂ’m‘ﬁ‘tﬁﬂ reciprocal
franslocation wp9fulY chromosome 8 waz 21
wWuszana 5-129 wesefllae AML, subtype
inv(16)(p13g22)/t(16;16)(p13;q22) @n
ﬂduﬁﬁm'ﬁtﬁm inversion W& translocation
299 chromosome 16 wuld/szanms 10-12%
ane AML uazinwulugiheanmias, subtype
t0(15;17)(q22;412) ﬁanzjuﬁwums fusion 89
retinoic acid receptor alpha gene (RARA) UW
chromosome 17 iy PML gene YU chromosome
15 ansWesndlu PML/RARA genc uas
subtype ‘ﬁ'Lﬁmmmﬁmﬂnﬁuu chromosome 11923
33-37

W e |
wulseane 5-6% aasgte AML TG

ithefieeusuasdiiamsinmieng HDAC @
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subtype t(8;21)(g22;q22) WAz inv(16)
(p13922)/t(16;16)(p13;q22)*

Tl 1999 Byrd wazanizlaneatuua
M$AN1YD9 The Cancer and Leukemia Group
B (CALGB) (ndu@%ﬁﬂmqﬂﬁﬁmﬁmﬁuiﬁﬂ
wzSsluszauinmnnd)  Sawanmsinsgihe
AML subtype 1(8;21){q22;q22) ﬁmqﬁaﬂndw
60 TlUs1 consolidation therapy 6% one cycle
HDAC wl3gufinunu repetitive cycle HDAC
(3 cycle w3aunnh) Taeluzg induction therapy
gUaannaelaiumsinyindauduuasd
complete remission Lﬁﬂ“?ru Q’Lﬁlﬁ‘huﬂlum‘iﬁﬂm
fi 50 Mo §ifhafilddu 1 cycle HDAC d11u

29 Teuazdn 21 Twlesu = 3 cyce HDAC
"luﬂa;uﬁlﬁ%’u 1 cycle HDAC arlasuenlu
cycle ganilu cyclophosphamide / etoposide
1A% mitoxantrone / diaziquone with or without
filgrastim EURIGU wamsAnwwud Tungs
fgﬂlﬁlmﬁﬂ > 3 cycle HDAC & 5-year disease-
free survival W@y overall survival UANGENAEN
fifnshdamestiadlafeufiungy giledleRy
1 cycle HDAC samasfinwiugaslumeni 2
ﬂﬁﬁnma%ﬂﬁagﬂwaiwrﬁ'ﬂm AML
subtype t(8;21)(q22;q22) Plesumasnelin
post-remission W38 consolidation therapy FIEIM
‘¥ HDAC #ilumans ) dose (repetitive HDAC)
{1 disease—free survival L@z overall survival @ini
nEuiiIY  subtype @enfuiledy 1 cycle
HDAC® wanainiiguuuumstinmillagninn
wmsdneluguae AML subtype inv(16)
{p13422)/1{16;16)(p13;q22) HIEOURE
msdnwlidl 2004 Ton Byrd wazani msamnd
fifuhdin 48 Medadiereennh 6o U fibe
98 T8lASU 3-4 cycle HDAC wazdn 21 18
1854 1 cyele HDAC wamafnwnuinlungy
GRS repetitive HDAC #1 dammsifiaiiug
(CIR; cumulative incidence of relapse) (¥AU

ER ’ v wely wo
43% Hoipnnguglesu 1 cycle HDAC




f66

Sildnmiu 709 agheilduddnmedds
#IUA relapse-free survival (RFS) Tunjﬁlﬁ%’u
repetitive HDAC ﬁuuﬂﬁuﬁazﬁmgqniw e
agslsionsmui overall survival Tugfihana
apsnguililduandeiy  mslieneitous
2849 CIR uaz RFS taeldada survival analysis
133598 Kaplan Meier ldwagansiwlugui
3 waz 4 minwesiiagUrehmainwdihe
AML Tu?1 consolidation therapy mamsig
repetitive HDAC ahsnsnaadannaiiafius
uazdUseAniamwiing regimen 'ﬁﬂlﬁ' HDAC
e 1 ﬂ'?ﬁLLaWI']JJG,hEI alternative therapy 'ﬁt
Taidi cytarabine® Fmamsdnmasiiiaanadag
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fusenuaed Tosi warams™ #Ananlih
inv(16)/t(16;16) blast cell AANulIGa
cytarabine LRAMMNTULGE cytarabine 161G DNA
89 blast cell Ienndu uananiifaimsidnm
284 Braess dazAmz’’ WUl leukemia blast 1y
giUhe inv(16)/t(16;16) AML i high
proliferation rate  FaPAARDIAUMILANMS
uptake 81 cytarabine (21§ DNA UdziBad
anula6inen cytarabine 33U BailiasaIn
cytarabine Wuenszunm S~phase specific drug
aangnilanrasnadimsfiuaned DNA
Wil umsuineed  suddimansold
eIABUNaUNY cytarabine Tums¥niile
inv(16)/t(16;16) AML g

@15199 2 Treatment outcome of 1(8:21)(4y22;q22) patients by number of high dose cytarabine

38
treatments

High dose cytarabine

Treatment outcome measure p
One cycle 2 3 eycles

Patients with AML relapse
Number 18 4 0.004
% 62 19

Median remission duration {months) 10.5 >35 0.03
5~-Year disease-free survival (%) 38 71
959 confidence interval 19-62 44-89

Median overall survival (months) 24.3 >43 0.04
5-Year overall survival (%) 44 76
959 confidence interval 23-67 48-92

Median follow-up (years) 4.7 5.6

pealsneNumMs e repetitive HDAC i
¥ oo o oo v W o et w '
taiiadalilawmwisludiheiianiaenh

o) d = = ) . qw
60 T inniinmsdnywun mstd regimen il
lughiimgmnnniwmianhiv 60 Thldifie
MIRuaasTIulsTanniiguuss” Mumeiida

ﬁrg'sm\numﬂﬁ’ intermediate dose cytarabine
(2 x 1 g/m® IV day 1, 3 uaz 5) &msu
consolidation therapy ugtenguaigainni

= A ﬂl 1 L Qs w
60 1 Fuiumnemndaurlanaseuasle

as e 43
HanNIIInyIne
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1.0

Probability of Relapse-Free Survival
0.2 0.4 .6 0.8

0.0

p=0.06

_L13 or 4 Cycles of HDAC (n = 28)

1 Cycle of HDAC (n = 20)

4 6 8 10 12 14
Time {Years)

(2]

Ui 3 drenuihesiiuseamsiie relapse-free survival ‘[utjﬂmﬁlﬁ'%’u 1 cycle HDAC

wWisuiieunu 3-4 cycle HDAC™

1.0 1

0.8

=
>
:

Probability of Relapsing
f=]
=

0.2 1

p=0.03

1 Cycle of HDAC {n = 20}

3 or 4 Cyclas of HDAC {n = 28)

0.0

4 6 B 10 12 14
Time (Years)

1 » ' o ar 4 1 2l o
U 4 anahauurasmsiiamanauiiiug (relapse) Tugthanldiu 1 cycle HDAC

wieueiBuny 3-4 cycle BDACY
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