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Subchronic Exposure of Pueraria Mirifica in Normal­
and High Cholesterol Diet-fed Rats : Influence on Lipid 
Profile and Toxicity 
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Nuansri Niwattisaiwong1
, Somsong Lawanprasert1 
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'Faculty of Medicine, Srinakharinwirot University 
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Abstract 
Pueraria mirifica Airy Shaw and Suvatabandhu, known locally as White K wao 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 following: 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 I 0 rats. P.mirifica was 
administered orally at a dosage of I 00 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. 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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Introduction 

Pueraria miriftca 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 insomnia, 
and breast enlargement in women 1• These 
uses of P.miriftca 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 
'Id. 12 kkl' 1 · 4 
inc u e rn1roestro , wa 1unn·, puerann , 
coumestrol, daidzin, daidzein, mirificin 5

, 

genistein, genistin6 and deoxymiroestrol7
• 

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 diseases8

•
9

•
10

• Several 
studies suggested that genistein and 
daidzein rossess cancer chemopreventive 
effects"·' ·11

•
14

, of which the specific 
mechanisms have not been clearly identified. 
In vitro and in vivo studies found that 
genistein exhibited antiproliferative effects in 
human breast cancer cells". It also inhibited 
tyrosine specific protein kinases 16

, DNA 
topoisomerase 1! 17

, epidermal growth factor 
induced phosp,hatidylinositol tumover18 and 
angiogenesis 9

. 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 conditions8

"
0

• 

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.mirifica21
• 

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.miriftca for animal administration 
was prepared freshly by dissolving 6 g of 
the powder with l 00 ml 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 cholesterol 
diet-fed group; high cholesterol diet-fed 
supplemented with P.mirifica group. Each 
group comprised I 0 rats. P.mirifica was 
administered orally at a dosage of I 00 
mfYkg'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 blood samples were determined 
for complete blood count (CBC), white 
blood 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 ofbioMerieux 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 I-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 diet­
fed group vs High cholesterol diet-fed 
supplemented with P.mirifica group) at 
significant level of P<0.05. 

Results 

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 I). High cholesterol diet caused no 
change of body weight gain as compared 
to the normal diet condition. 

2. Effect 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 
bilirubin, 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 rats as 
compared to the corresponding high 
cholesterol diet-fed rats (Table I). 

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. I 0± 
1.58 vs.198.9±39.15; P<0.05), ALP (63.40± 
3.41vs.97.10±6.50; P<0.05). 
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Figure l Effect of P.mirifica on body weigh gain 

Data shown were mean 
*P<0.05; Nonna! diet-fed supplemented with P.mirifica group vs Nonna! 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 

Normal diet-fed High 
High cholesterol 

Normal diet-fed Hematology 
diet-fed group 

supplemented with cholesterol 
supplemented with 

P.mirijica group diet-fed group 
P.miritJ.ca grou1:1 

Hemoglogbin (g/dl) 14.64±0.36 14.10±0.30 13.73±0.27 13.94±0.22 
Hematocrit (%) 44.00±1.09 42.38±0.93 41.25±0.82 41.89±0.66 
WBC count (xl09/l) l.81±0.36 1.39±0.10 2.05±0.32 1.34±0.19 
Neutrophil (%) 27.57±1.78 25.13±3.24 25.75±4.20 22.56±2.59 
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 3.00±0.58 2.00±0.33 
Eosinophil (%) 0.57±0.43 0.86±0.23 0.75±0.25 0.78±0.32 
Basophil (%) 0 0 0 0 
RBC morphology Nonna! Nonna! Normal Normal 
Platelet (x 103 /ul) 339.29+44.6 I 303.13+34.54 334.38± 19.44 322.22±41.76 

Clinical blood 
chemistr 

Glucose (mg/di) 129.9±8.16 137.4± l l.67 147.9±17.10 138.7±20.48 
BUN (mg/di) 22.05±1.27 20.08±0.60 21.27±1.19 21.81±1.47 
SCr (mg/di) 0.71±0.03 0.67±0.03 0.72±0.03 0.70±0.03 
Total Bilirubin (mg/di) 0.11±0.01 0.10±0.00 0.13±0.02 0.10±0.00 
Direct bilirubin (mg/di) 0.018±0.008 0.029±0.005 0.026±0.006 0.027±0.005 
AST(U/l) 170.60± 10.63 156.30±19.40 278.30±24.66 174.20±22.12 + 

ALT (U/l) 36.10±1.58 29.00±2.85 198.9±39.15 57.1±17.30 + 

ALP (U/J) 63.40±3.41 71.40+7.99 97.10±6.50 74.30±3.15 + 

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 

P.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. 
85.60±9.47; P<0.05), LDL-C (8.00±0.50 
vs.56.40±9.76; P<0.05) and LDL-C/HDL-C 
ratio (O. l 0±0.006 vs. 0. 78±0. l 6; P<0.05) as 
compared to the nonnal diet-fed rats. 

Table 2 Effect of P.mirifica on serum lipid parameters 

Serum lipid 
Normal Normal diet-fed High 

High cholesterol 
diet-fed 

parameters 
diet-fed supplemented with cholesterol 

supplemented with 
group P.miriflca group diet-fed group 

P.mirifica groul' 
Total cholesterol (mg/di) 64.40±3.18 32.60±7.10 * 85.60±9.47 39.90±5.05 + 

Triglyceride (mg/di) 72.60±7.80 110.10±10.53 * 54.50±4.07 33.50±3.28 + 

LDL-C (mg/di) 8.00±0.50 5.00±0.67. 56.40±9.76 17.00±2.64 + 

HDL-C(mg/dl) 78.67±3.76 35.50±9.03 * 73.50±5.56 40.50±4.32 + 

LDL-C/HDL-C ratio 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.miriftca 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 l 00 mg/kg/day, the 
dosage which was shown to decrease 
serum cholesterol without any serious 
toxic effects in a previous study21

• 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 
collaborates21

. In that study, they found 
that rats receiving P.mirijica orally at 
the doses of l 00 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 rats2

"
23

• 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 
appetite24

• 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-tenn studies 
with most estrogens'"". 

Hair loss occurred in the P. mirifica 
treated rats. This effect induced by chronic 
estrogen treatment has been reported""'. 
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 
mice25

•
28

•
29

• Topical IC! 182 780, a pure 
estrogen receptor antagonist, stimulates 
hair regrowth in male mice29

• 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-mice30

• 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 collaborates21

• 

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 
l 7J3-estradiol demonstrated mild anemia 
with the mean value of hematocrit, RBC 
count and hematocrit lower than the 
control group28

• 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 rats25

• 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 Ila 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 atherosclerosis31

• 

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 nonnal 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 collaborates21 

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.mirifica 
at various doses, long-tenn 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 
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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 K wao Keur 1 is a 
Thai indigenous woody climber belonging 
to the family Leguminosae.' Tuberous 
roots of P. mirifica were traditionally used 
by Thai people as a rejuvenating drug.3 

Phytochemical studies have shown that 
the tuberous root contains various 

. I 4 • s compounds such as mll'oestro , puerann, 
coumestrol, daidizin, daidzein, mirificin,6 

mirificoumestan,7 genistin8 and kwakurin.9 

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 mi roestro I. 10 

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. 11 Experiments 
conducted in female rats have shown that 
White Kwao Keur suppresses lactation by 
inhibiting mammary gland growth and milk 
production. 12 This herb exhibited effective 
postcoital antifertility in rats and increased 
the uterine weight as well as fluid content 
in the uterus of immature ovariectomized 
ratsn In male rats, P. mirifica reduced 
reproductive behavior and caused weight 
reduction of testis, epididymis, prostate gland 
and seminal vesicles. 14 

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. 15 It also caused suppurative inflam­
mation in some parts of the body. 16 

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. 14 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 
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affected hematological values and no 
estrogen ic effect was observed at the 
lowest dose. 17 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 tliis 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 I 00. 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 O.ot 13, 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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The animals were housed in conventional 
hygienic laboratory animal room at the 
Institute of Health Science Research, 
Department of Medical Sciences. Tem­
perature in the room was maintained at 25 
± I °C with 60% relative humidity and 12 
hours- light-dark-cycle. The animals were 
given commercially pelleted diets and clean 
tap water ad libitum. 

Chronic toxicity study 

Seventy fi ve rats of each sex were 
randomly divided into 5 groups of 15 
animals per sex. Group I (water control) 
received water I 0 ml/kg/day and groups 
2-5 were orally administered with the 
suspensions of PM at the doses of I 0, 50, 
250 and 250 mg/kg/day respectively for 
six months. After the six-month period of 
PM administration, only group 5 (250-R), 
high recovery group, were further raised 
for two weeks without PM in order to 
study recovery or delay effects of PM . 
During the period of experiment, body 
weight and food consumption were 
measured weekly and the rats were closely 
observed for signs of abnormality. At 
the end of six-month-treatment period, 
the animals were fasted for 18 hours 
and then were dissected under ether 
anesthesia. Blood was collected from 
posterior vena cava for hematological and 
serum biochemical determinations. 

Hematological analysis was perfonned 
using an automatic hematologica l analyzer 
Cell-Dyn®3500. 111ese following hematological 
parameters were measured: % hematocrit, 
hemoglobin, red blood cell (RBC), mean 
cell volume (MCV), mean cell hemoglobin 
(MCH), mean cell hemoglobin concentration 
(MCHC), white blood cells (WBC), 
% neutrophil, % eosinophil, % lymphocyte, 
% monocyte, % basophil and platelets 
number. Biochemical values were assayed 
by using automatic chemistry analyzer 
Hitachi®9 I 2. These following parameters 
were measured: alkaline phosphatase 
(ALP), alanine aminotranferase (ALT), 
aspartate aminotransferase (AST), blood 
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urea nitrogen (BUN), creatinine, total 
protein, albumin, total bilirubin, glucose, 
uric acid, triglyceride, total cholesterol, 
sodium, potassium and chloride ion. 

Necropsy was then performed to 
observe gross pathological changes of 
various visceral organs. Bra in, hea11, lung, 
stomach, liver, kidney, spleen, bladder, 
testis in male rats, ovary and uterus in 
fem ale rats were weighed and then 
calculated in term of % relative organ 
weight. The visceral organs were preserved 
in 10% buffered fonnalin solution and were 
subsequently subjected to histological 
preparing process for tissue slides stained 
with hematoxyl in and eosin (H&E) for 
histopathological examinations. 

Data analysis 

Body weight, organ weight, food 
consumption, hematological and biochemical 
values were statistically analyzed by SPSS 
program. One way ANOV A was perfonned 
and the data was tested for homogeneity of 
variance by Levene test. Bonferroni test 
was used in case of equal variance wheras 
Tamhane test was applied for unequal 
variance in multiple comparison. Histo­
pathological results were evaluated by 
Fisher's Exact test and statistical significance 
of all data was set at P<0.05. 

Results 

Effects of P. mirifica on body 
weight, food consumption and physical 
appearance 

Average body weight of male rats 
treated with P. mirifica powder (PM) at 
the doses of 50 and 250 mg/kg/day were 
significantly lower than that of the contro l 
group (P<0.05) since week 2 and 3 through 
the end of the experiment, respectively. 
Female rats receiving PM at the doses of 
50 and 250 mg/kg/day had significantly 
lower average body weight than their 
control group (P<0.05) since week 3 and 4, 
respectively until the end of the experiment 
(Fig. I). 
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-- M~onlrol 

-o- M-IOmg/kg/day 

----111-50mg/kg/day 

---- l\t-250mg/kg/day 

-lI- F~onlrol 

_._ F-IOmg/kg/day 

-+- F-50mg/kgfday 

- F-250mg/kg/day 

Figure 1 Average body weight of male(M) and female (F) rats h·eated with P. mirijica 
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 (P<0.05). 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 PM 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 I. 

--M·confrol 

-0-M-IOmg/kg/day 

-6- M·50rng/kg/day 

""""*-- M-250mg/kg/day 

--*- F-control 

--F-IOmg/kg/day 

-+- F-SOmg/kg/day 

- F·250mg/kg/day 

3 5 7 9 II 13 IS 17 19 21 23 25 27 29 

week 

Figure 2 Food consumption of male (M) and female (F) rats treated with P. mirifica 
for 6 months 
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Table l The number of rats developed alopecia during the chronic toxicity study of P.mirifica 
(n=l5/ ou /sex) 

Dose of Pueraria mirifica 
(mg/kg/day) 

No. of rats with alopecia 
male female 

Duration of exposure 
(day) 

0 
IO 
50 

0 0 
0 1(6.7%) 87 
1(6.7%) 1(6.7%) 60 - 64 

61-156 
23 - 54 

250 
250-R 

4 (26.67) 2 (13.33%) 
4 (26.67%) 3 (20%) 

250-R= high dose recovery group 

Effects of P. mirilica on hematological 
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 female 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 all 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 P. mirifica on histopathology 
of internal organs. 

lt 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 I 0 
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 

Parameters 
Dose of Pueraraia mirifica 

Hematocrit (%) 
RBC( x 106 /µL) 
Hb (g/dl) 
MCV (11/red cell) 
MCH (pg/red cell) 
MCHC (g/dl RBC) 

WBC(K/µL) 
Neutrophil (%) 

Eosinophil (%) 

Lymphocyte(%) 
Monocyte (%) 

Basophil (%) 

Platelet (K/µL) 

Control 
n=l5 

46.65±0.52 
9.13±0.09 
15.72±0.12 
5 I. I 5±0.64 
I 7.24±0.2 I 
33.76±0.33 
5.38±0.38 
14.68±1.54 
1.54±0.14 

81.29±1.70 
1.10±0.30 
1.19±0.19 

877.13±21.06 

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

10 
n=l5 

46.78±0.68 
9.09±0.12 
15.77±0.16 
51.51±0.78 
I 7.38±0. I 8 
33.80±0.35 
6.37±0.37 
13.78±0.93 
1.45±0.10 

82.53±1.09 
1.39±0.35 
0.78±0.09 

829.00±31.75 

*significantly different from the control group at P< 0.05 

(mg/kg/day) 

50 250 
n=l3 n=IS 

45.58±0.65 42.88±0.88* 
8.85±0.14 8.05±0.18* 
15.46±0.12 14.70±0.18* 
51.56±0.52 53.25±0.44 
17.58±0.30 18.38±0.36 
34.08±0.50 34.61±0.79 
5.25±0.32 4.95±0.51 
13.72±1.14 14.62±1.33 
1.00±0.72* 0.98±0.61 * 
83.72±1.06 82.67±1.37 
0.94±0.29 1.07±0.25 
0.66±0.06 0.61±0.07 

844.38±23.15 844.57±39.40 

250-R 
n=l4 
46.48±0.64 
8.64±0.14 

16.51±0.15* 
53.83±0.58 
19.19±0.31* 
35.64±0.39* 
4.31±0.25 
16.05±1.17 
1.59±0.14 

80.24±1.28 
1.14±0.36 
0.97±0.10 

882.79±37.02 

Normal value 

42.5-49.4 
7.2-9.6 
12-17.5 
57-65 

14.6-21.3 
26-38 
5-8.96 
9-34 
0-2.5 

65-84.5 
0-5 

0-l.5 
662.0-992.0 

?3 
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Table 3 Hematology values of female rats treated with P. mirijica for 6 months 

Dose of Pueraria mirijica 
Parameters (mg/kg/day) 

Control IO 50 250 

n=lS n=IS n=l4 n=IS 

Hematocrit (%) 45.30±0.91 45.23±0.76 45.95±0.36 41.12±0.65* 

RBC( x 106 /µL) 8.36±0.17 8.23±0.12 8.43±0.10 7.58±0.11 * 
Hb (g/dl) 15.52±0.27 15.33±0.18 15.34±0.16 14.03±0. l 7* 
MCV (fl/red cell) 54.31±0.38 54.95±0.49 54.52±0.48 54.21±0.34 
MCH (pg/red cell) 18.63±0.19 18.65±0.17 18.20±0.l 9 18.54±0.16 
MCHC (g/dl RBC) 35.32±0.34 33.97±0.35 33.38±0.18 34.20±0.31 
WBC(K/µL) 2.92±0.23 2.56±0.28 2.69±0.27 2.68±0.17 
Neutrophil (%) 23.44±3.10 20.77±2.47 21.23±2.93 21.37± l.57 
Eosinophil (%) l.93±0.16 2.16±0.16 l.52±0.12 l.21±0.17* 
Lymphocyte(%) 70.19±3.22 73.81±2.71 73.84±2.92 81.02±2.01* 
Monocyte (%) 3.64±0.86 2.62±0.74 2.75±0.71 2.14±0.59 
Basophil (%) 0.80±0.10 0.64±0.08 0.66±0.12 0.79±0. ll 
Platelet (K/µL) 84 7 .03±25 .03 859 .63±21.93 923.42±29.42 826.65±33.01 

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

250-R 

n=IS 

43.81±0.68 
8.02±0.12 
15.86±0.12 
54.61±0.48 
19.82±0.26* 
36.31±0.46* 
2.43±0.19 

21.20±1.92 
l.86±0.14 

73.23±2.27 
2.35±0.56 
l.37±0.16* 

871.39±27.0l 

Normal value 

42.5-49.4 
7.2-9 .6 
12-17.5 
57-65 

14.6-21.3 
26-38 
5-8.96 
9-34 
0-2.5 

65-84.5 
0-5 

0-1.5 
403.0-979.0 
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Table 4 Clinical chemistry values of male rats treated with P. mirifica for 6 months 

Dose of Pueraria mirifica 
(mg/kg/day) 

Normal value 

Parameters control 10 50 250 250-R 

n=15 n=15 n=J5 n=13 n=IS 
ALP(U/L) 63.00±2.87 62.93±2.66 67.93±4.91 68.73±4.10 72.21±6.94 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 28.9-47.6 
AST (U/L) 72.93±2.89 67.60±3.58 58.07±2.02* 55.80±3.02* 64.29±1.89 45.7-80.8 
BUN (mg/dl) 19.25±0.49 19.98±0.75 20.84±0.77 19.56±0.91 21.76±0.94 5-29 
Creatinine(mg/dl) 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/dl) 4.16±0.04 4.15±0.04 4.15±0.06 3.83±0.07* 4.26±0.05 2.7-5. l 
Bilirubin(mg/dl) 0.07±0.01 0.08±0.02 0.13±0.03 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/dl) l.87±0.21 2.29±0.36 l.72±0.23 2.31±0.43 l.86±0.27 1.2-7.5 
Triglyceride (mg/di) 162.27±10.92 200.63±24.33 20 l.15±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 47.51±4.48* 27.27±4.36* 96.71±6.28 45.0-92.0 
Na •(mmol/l) 146.73±0.54 146.20±0.35 147.14±0.36 146.67±0.35 148.43±0.45 143.0-156.0 
K*(mmol/l) 5.77±0.16 6.56±0.41 5.93±0.28 6.67±0.25 5.49±0.14 5.4-7.0 
cr(mmol/l) I 08.47±0.54 108.53±0.40 l 08.43±0.40 107.60±0.49 112.57±0.58* 100.0-110.0 "' c 

~ 
'rj 

250-R=high dose recovery group "-. 
The values are expressed as mean ± SEM Q 

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

Dose of Pueraria mirijica 
(mg/kg/day) 

Parameters control 10 50 250 

n=lS n=l5 n=IS n=13 
ALP (U/L) 27.53±2.03 26.00±2.39 25.47±1.66 23.92±1.03 
ALT (U/L) 45.13±4.92 39.93±2.55 35.73±2.33 37.92±2.81 
AST (U/L) 86.67±6.87 76.40±4.06 82. 73± I 0.59 65.08±3.41 * 
BUN (mg/di) 20.27±0.96 21.05±0.77 22.09±0.60 21.90±0.55 
Creatinine(mg/dl) 0.72±0.01 0.75±0.01 0.76±0.02 0.71±0.01 
Total protein (g/dl) 6.98±0.07 7.05±0.05 7.46±0.08* 7.52±0.06* 
Albumin (g/dl) 4.95±0.05 4.89±0.06 5.04±0.05 4.80±0.05 
Bilirubin(mg/dl) 0.09±0.01 0.07±0.01 0.08±0.01 0.08±0.01 
Glucose (mg/di) 149.00±4.83 139.99±5.28 165.56±7.65* 172.25±6.53* 
Uric acid (mg/di) 2.03±0.25 1.38±0.20 2.28±0.33 2.00±0.29 
Triglyceride (mg/di) 125.84±9.17 117.01±8.80 143.14±15.86 221.90±26.69* 
Cholesterol (mg/di) 71.97±4.43 69.87±5.11 67.34±6.49 39.02±3.53* 
Na •(mmol/I) 147.00±0.31 147.20±0.37 147.60±0.25 148.23±0.36* 
K+(mmol/I) 5.74±0.32 4.93±0.26 5.29±0.31 5.44±0.31 
CrJ.mmol/I) 111.27±0.47 111.47±0.46 111.06±0.46 111.15±0.36 

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

250-R 

n=lS 
25.29±0.87 
3I.I4±1.99* 
67.29±2.29 
21.58±1.02 
0.63±0.01 * 
7.50±0.08* 
4.91±0.06 
0.06±0.01 * 
152.81±5.14 

1.76±0.16 
153.00±14.76 

78.17±4.22 
149.57±0.25* 

5.48±0.16 
117.57±0.34* 

Normal value 

56.8-128.0 
28.9-47.6 
45.7-80.8 

5-29 
0.2-0.8 

4.7-8.15 
2.7-5. I 
0.0-0.55 

96.0-153.0 
1.2-7.5 

39.1-72.8 
31.0-68.0 

143.0-156.0 
5.4-7.0 

100.0-110.0 
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Table 6 Organ weight of male rats treated with P. mirifica for 6 months 

Dose of Pueraria mirifica 
{mg/kg/da~) 

Organs Control 10 50 250 250-R 

n=lS n=IS n=l4 n=IS n=IS 

Brain 2.15±0.02 2.12±0.02 2.12±0.02 2.04±0.02* 2.09±0.02 
Heart 1.52±0.04 1.42±0.03* 1.35±0.03* 1.18±0.04* 1.24±0.03* 
Lung 1.86±0.04 1.84±0.05 1.74±0.05 1.65±0.05* 1.67±0.03* 
Stomach 2.16±0.06 2.40±0.10* 2.21±0.06 2.23±0.07 2.15±0.05 
Liver 14.83±0.61 15.49±0.51 14.28±0.44 13.15±0.56* 13.33±0.46 
Right kidney 1.42±0.06 1.43±0.02 1.42±0.06 1.39±0.07 1.33±0.05 
Left kidney 1.38±0.06 1.36±0.02 1.34±0.05 1.31±0.05 1.29±0.04 
Spleen 1.09±0.04 1.14±0.05 1.04±0.03 1.15±0.04 1.08±0.05 
Left testis 3.19±0.08 3.10±0.06 3.02±0.06 2.84±0.14* 2.97±0.05 
Right testis 3.16±0.08 3.15±0.07 3.07±0.04 2.90±0.11 * 2.98±0.05 
Bladder 0.15±0.01 0.13±0.01 0.14±0.01 0.13±0.01 0.13±0.01 

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 so 250 250-R 

n=IS n=IS n=14 n=IS n=l5 

Brain 1.96±0.01 1.97±0.02 1.98±0.02 1.91±0.02 1.93±0.01 
Heart 0.94±0.03 0.95±0.03 0.90±0.02 0.86±0.02* 0.91±0.02 

Lung 1.30±0.04 1.37±0.03 1.31±0.02 1.22±0.03 1.28±0.03 

Stomach 1.62±0.03 1.73±0.05 1.68±0.06 1.72±0.05 1.58±0.04 
Liver 7.52±0.19 7.52±0.29 7.46±0.27 8.01±0.18 7.66±0.14 
Right kidney 0.86±0.02 0.85±0.02 0.87±0.02 0.83±0.01 0.88±0.02 

Left kidney 0.82±0.02 0.82±0.02 0.81±0.02 0.77±0.02 0.82±0.02 
Spleen 0.70±0.02 0.80±0.04* 0.70±0.03 0.74±0.02 0.69±0.02 

Left ovary 0.08±0.00 0.07±0.00 0.07±0.00 0.07±0.00 0.06±0.00 

Right ovary 0.07±0.00 0.07±0.00 0.07±0.00 0.07±0.00 0.06±0.00 

Bladder 0.08±0.00 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 0.86±0.06 1.05±0.08* 0.82±0.08 

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 P. mirifica for 6 months 

Dose of P.mirijica (mg/kg/day) 
Organs Microscopic findings Male (n =15/groul') Female (n=IS/groul') 

0 10 so 2SO 250-R 0 10 

Lung Lymphoid proliferated 4/15 11115* 7115 7115 10/15* 8/15 9115 
peribronchioles 

Heart Focal myocardiosis 1115 1/15 l /15 1115 0115 0115 1115 
Liver Fatty degeneration 7115 2/15* 0115 0115 0115 0115 1115 

Lymphoid aggregated 1115 1 /15 0/15 0115 0115 1115 1115 
periportal areas 

Kidney Tubular cast 0115 9115* 9115* 7115* 2/15 4/15 4115 
Tubular cyst 2/15 1/15 4115 10115* 7/15* 0115 0115 

Intestine GALT hyperplasia 1/15 1115 0115 0115 2/15 2115 0115 
Testis Atrophy 0115 1115 0115 1115 0115 0115 0115 
Uterus Subendometrial gland 2/15 1115 

hyperplasia 
Mammary gland Glandular hyperplasia 3115 1115 
Adrenal gland Cortical fatty degeneration 11/l5 4/15* 0115* 0115* 0115* 0/15 0115 

Focal hemorrhage 1115 0115 

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

so 250 2SO-R 

0115* 8115 9115 

0115 0115 0115 
0115 0115 0115 
0115 0115 0115 

4115 5115 4/15 
0115 0115 0/15 
3115 1115 0/15 
0115 0115 0/15 
0115 0115 0115 

1115 1115 0/15 
0115 0115 0/15 
0115 l/15 0115 
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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 1 00 
and 1,000 mg/kg produced some adverse 
effects in the animals. 17 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-estrndiol, 
can decrease food consumption and food 
efficiency in rats. 18 Some phytoestrogens 
such as miroestrol was reported to produce 
headache and nausea,3 genistin and daidzein 
have been shown to decrease the synthesis 
of cortisol 19 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. 20 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 range21 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. 18 The 
significant changes of eosinophil(o/o) 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 
range21 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. 21 

Songpo/ Chivapat 

The significant decreases of AST 
levels 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 
mg/kg/day) can cause the elevation of 
triglyceride level in female rats. 17 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 
rece1vmg the highest dose of PM, 
suggesting the hypocholesterolemic effect 
of PM which was consistent with our 

. d 17 h prev10us stu y . T ere 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. 13·14·17 

Histopathology results showed the 
alterations in some visceral organs of the 
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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 mcrease apolipoprotein 
8 (apo-8) production in human 
hepatocytes23 and in mice hepatocyte.24 

Hepatocytes assemble triglyceride into 
VLDL-lipoproteins particles on the 
backbone of apo B-100 and secrete into 
plasma.25 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 bile26

; 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 
stimulat01y 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-CI cotransporter.28 However, the 
incidence of tubular cast decreased after PM 
discontinuation. The incidence of 
adrenocortical fatty degeneration of male rats 
receiving PM at each 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 gland29

• 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 synthesis30

• The 
incidences of other histopathologic 
findings were not dose dependent; 
therefore they could not contribute to PM. 

In conclusion, the chronic toxicity 
toxicity study of PM at the doses ranging 
from I 0 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, Faculty of Veterinary 
Sciences, Chulalongkom University for 
histopathological examination of tissue 
slides, and Mr.Teerawut Pinthong, head of 
pharmacokinetic section, Medicinal Plant 
Research Institute for daidzein assay. 

References 

I. Srnitinand T. Thai plant names (Batanical 
names-Vernacular names). 2nd ed. Bangkok: 
Funny Publishing United Partnership, 1980. 

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

3. Cain JC. Miroestrol: an estrogen from the 
plant Pueraria mirijica. 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, lsarasena K 
and Shiengthong D. Constituents of the 
tuberous roots of Pueraria mirifica. Proc 
Pacific Sci Congr Pacific Sci Assoc 9 th; 

Bangkok, 1963 . 
6. Ingham JL, Tahara Sand Dziedzic SZ. A 

chemical investigation of Pueraria 1nirifica 
roots. Z Naturforsch. Ser C 1986; 41 :403-8. 



90 

7. Ingham JL, Tahara S and Dziedzic SZ. 
Coumestans from the roots of Pueraria 
mirifica. Z Naturforsch. 43c 1988; 5-l 0. 

8. Ingham JL, Tahara S. and Dziedzic SZ. 
Minorisoflavones from the roots of Pueraria 
mirifica. Z Naturforsch SerC. l 989; 44: 
724-6. 

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

IO. Chansakaow S, Ishikawa, T, Seki H. et al. 
Identification of Deoxymiroestrol as the 
actual rejuvenating principle of K wao 
Keur. J Nat. Pro 2000; 63(2): I 73-5. 

11. Smitasiri Y and Sakdarat S. The means of 
application of Pueraria mirijica for pigeon 
(Columba sp.) birth control. Suranaree J Sci 
Technol 1995; 2 : 89-9 

12. Smitasiri Y, Pangjit S, Anuntalabhochai 
S. Inhibition of lactation in lactating rats 
with Pueraria mirifica compared with 
estrogen. JSci Fae CMU 1989;16:7-l l. 

13. Smitasiri Y, Junyatum U and Songjitsawad 
A. Postcoital antifertility effects of Pueraria 
mirifica in rats.JSci FacCMU 1986;13:19-28. 

14. Langkalichan Y. The study of effects of 
Pueraria rnirifica on reproductive organs, 
adrenal glands, liver, reproductive behavior 
and reproduction. MS Thesis (Biology) 
Chiang Mai University 1984. 

15. 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. 

16. Chuaychoo A, Junyatum U, Anuntalabhochai 
S, Smitasiri S. Toxic effects of White Gwow 
(Pueraria mirifica) in Japanese quails. 
J Sci Fae CMU 1984; 11: 46-55. 

17. Chivapat S, 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. 

18. 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. 

19. 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. 

Songpol Chivapat 

20. Schardein JL. Studies of the components 
of an oral contraceptive agent in albino 
rats. I. Estrogenic component. J Toxicol 
Environ Health 1980; 6(4):6. 

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

22. 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. 

23. 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 Jnvestig 1994; 1(4): 256-63. 

24. Srivastava RA, Tang J, Baumann D, 
Schonfeld G, Hormonal and nutritional 
stimuli modulate apolipoprotein B mRNA 
editing in mouse liver. Biochem Biophys 
Res Commun 1992; 188(1): 135-41. 

25. Dominiczak MH. Apolipoproteins 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. 

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

27. 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 
Biophys Res Commun 1999; 254(2): 368-71. 

28. Martinez RM, Gimenez I, Lou JM, 
Mayoral 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. 

29. Mesiano S, Katz SL, Lee JY, et al. 
Phytoestrogen alter adrenocortical function: 
genistein and daidzein suppress glu­
cocorticoid and stimulate and androgen 
production by cultured adrenal cells. JC/in 
Endocrinol Metab 1999; 84: 2443-8. 

30. Michael HR, Lynn JR and Gordon IK. 
Histology: A text and atlas .3'' ed. 
Maryland: Willias and Willkins, 1995. 



Thai J Pharmaco/; Vol 27: No 2-3, May-Dec 2005. 91 

RESEARCH ARTICLES 

Effects of Valproyl Urea on Neurons of The Cerebral 
Cortex and Cerebellar Purk.inje Cells in Rats 
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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-
propylpentanoyl) 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 ftom 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 GABAA 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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Introduction 

N-(2-propylpentanoyl)urea or valproyl 
urea (VPU), (Fig.!) is a valproic acid 
analogue which has been reported in 
various 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 VPA1

• No effect 
of VPU and VP A has been observed on 
total cytochrome P450 or CYP!Al 1A2 
or 2El activities of rats. However,' VPU 
has been found to significantly increase 
CYP 2B 1 and 2B2 activities'. Preliminary 
studies of pharmacokinetic as well as 
embryotoxic of this compound have been 
reported3

'
4

• 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 
spontaneously 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 micropres·sure 
application to investigate the effect of VPU, 
in comparison with VP A, 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 
obtained from the National Laboratory 
Animal Center, Mahidol University Thailand 
were used in this experiment. The' rats wer~ 
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=l-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 µm. 

The outer ban-els 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 Min 0.1 M 
hydroxypropyl-fl-cyclodextrin) and VPU 
(0.005 M in 0.1 M hydroxypropyl-fl­
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 VClO) and were selected by a 
window slicer. The selected pulses were 
counted by digital rate meter and were 
displayed on the Mcintosh computer 
(LC630) with a digital-to-analog converter 
(MacLab) 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 spontaneously 
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 simple 
and complex spike discharges' and the 
neurons were randomly recorded in the 
vermis of the cerebellum. 
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Results 

Effects of VPA and VPU on 
spontaneously firing neurons of the 
cerebral cortex and Purkinje cells of the 
cerebellar cortex 

Micropressure application of 0.1 M 
hydroxypropyl-[3-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 ofVPU (n=l2) or VPA (n=IO) 
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 ofVPU 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=l2) 
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 Purki1* cells, of VPU 
(20-40 psi, n=lO) 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. 

Effects of VP A and VPU on 
responses evoked by glutamate and 
aspartate on Purkinje cells 

Discrepancy between the depressant 
effect elicited by VPU and VP A was noted 
when they were applied on Purkinje cells 
driven by either glutamate or aspartate. As 
illustrated in Fig.5, glutamate (I 0-40 nA, 
n=l5) and aspartate (5-50 nA, n=l2) 
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 
aspa1tate-evoked responses in 1 0 out of 12 
Purkinje cells . 

Effects of VP A 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)9

• 

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 

f h . t t' t 10,11,12 the effect o VP A t at 1t may po en ia e 
or have no effect13

•
14 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 
VP A 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 Ca2+-influx16. The finding that 
lack of interaction between VP A and 
bicuculline as well as strychnine rules out 
involvement of GABAA and strychnine­
sensitive glycine receptors as possible site 
of action of VPA, respectively. Furthermore, 
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Figure 1 Structure ofN-(2-propylpentanoyl) urea 

our results demonstrated the ability of 
locally applied VP A 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 VP A, a broad spectrum of 
mechanisms known to act through a 

I h . 17 combination of severa mec anisms . 
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 
models1

• Alternatively, metabolites of VPU 
other than being degraded to VP A 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 GABAA receptor antagonist on 12 

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

However, when taken into considera­
tion that protective effect of VPU against 
bicuculline induced convulsion was rather 
weak 1

, it is highly likely that the 
anticonvulsant activity of VPU through 
modulation of GABAA 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 models3

. 

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 2 Effects ofVPU (0.005 M) and VP A (0.025 M) in 0.1 M hydroxypropyl-[3 cyclodextrin, 
being injected by different micropressure (psi) on spontaneously firing rate of neurons 
of cerebral cortex (A) and cerebellar Purkinje cells (B). 
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superimposed on the response of Purkinje cells to micropressure application 
ofVPU (0.005 M) (A) and VPA (0.025 M) (B) compared to microiontophoretic 
application of y-aminobutyric acid (GABA). 
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Figure 4 Effect of continuously microiontophoretic application of strychnine sulphate 
(STRY) 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 glycine (GL Y). 
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(GLU) and aspartate (ASP) on neuronal firing of Purkinje cells. 
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Figure 6 Effect of continuously micropressure application of VPU (0.005 M) (A) and VPA 
(0.025 M) (B) on depressant action of microiontophoretic application of y­
aminobutyric acid (GABA) and glycine (GL Y) on neuronal firing of Purkinje cells. 
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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-cell 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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Introduction 

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. 1

-
3 The etiology is still 

unclear. The immunopathogenesis of OLP 
is complex, involving T-cells, mast cells, 
intercellular adhesion molecule- I and HLA 
class II antigens"" and may be associated 
with some drugs and dental materials. 7 

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 patient's 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%.8 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 dennatitis, 
psoriasis and contact dennatitis.9 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 10

·
12 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 I% cream in treatment 
of Thai patients with symptomatic OLP. 

Case report 

Three patients with atrophic OLP 
attending the Oral Medicine clinic, Faculty 
of Dentistry, Chulalongkom 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 Committee on 
Experimental Procedures Involving Human 
Subjects of the Faculty of Medicine, 
Chulalongkom University Ethics Committee. 
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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 I% 
cream (Elide!® , Novartis , Mexico) on 
dried lesions twice a day for four weeks. 
Transparent grids 13 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 (V AS). 14 The OLP lesions 
were also evaluated before and after 
treatment to the criteria set by Thong­
prasom et al. 15

'
16 

., Score 5 : white striae with erosive 
area> I cm2

• 

" Score 4 : white striae with erosive 
area < 1 cm2

• 

• Score 3 white striae with ery­
thematous area> I cm2

• 

• Score 2 : white striae with ery-
thematous area < I cm2

• 

• Score I : mild white striae only. 

• Score 0 : no lesions, normal mucosa. 
The first patient was a 67-year-old 

woman with atrophic lesion and white 
striaes at lower lip (Figure I). Pimecrolimu 
I% 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 (Table 1 ). 

The second patient was a 35-year­
old woman with an I I-year history of 
burning atrophic lesion at buccal gingival 
of all quadrant extended to mucobuccal 
fold. Pimecrolimus I% 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 burning 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 I% cream was 
administered topically twice daily on both 
buccal mucosa. After four weeks, the 
symptoms reduced 81.63% and only 
white hyperkeratotic striae 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 (FAO) has been shown to be more 
effective than triamcinolone acetonide 0.1 % 
in orabase (TAO) with no serious side 
effects. 15 Moreover, the effectiveness of 
various forms of topical tluocinolone 
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 FAO, tluocinolone 
acetonide in solution (FAS), and FAS/FAO 
groups, respectively. 16 

Acute pseudomembranous candidiasis 
is the only common side-effect from topical 
corticosteroid which can be prevented or 
treated with topical antifungal agent. 1

"
17

,
18 

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. 19

·
21 

Other immunosuppressive drugs such 
as cyclosporine and topical tacrolimus has 
been reported in treatment of OLP. 13

"'·
26 

Cyclosporine is a polypeptide that inhibits 
the transcription of several cytokine genes, 
thereby suppressing T -<:ell cytokine production. 
Some studies have been reported benefit 
from applied cyclosporine topically or in 
form of mouth rinse13

"
4 but others have 

reported little benefit or no significant 
• 2223 C I . b d improvement. ' ye osponne may e use 
as an alternative 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 alternatives. Severe 
side-effects of systemic cyclosporine, such 
as hypertension and nephrotoxicity, preclude 
its use for OLP.7 

Tacrolimus is an immunomodulating 
agent inhibiting T-cell activation at I 0-100 
times lower concentration than cyclosporine. 27 

This drug used topically to control symptoms 
and has been shown to be effective in 
treatment of OLP. However, local irritation is 
the most common side-effect.2

'-
26 

Pimecrolimus is a topical immuno­
suppressant calcineurin inhibitors that is 
applied to many skin diseases such as 
atopic dermatitis, psoriasis and contact 
dermatitis.'"'-30 It is related to tacrolimus 
and shares the same cellular binding targets 
and mechanism of action.30 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. 10 Other studies have also 
been shown partial or complete remission 
in OLP patients treated with pimecrolimus 
1% cream. 11

'
12 

Consistent to previous reports, in 
our study, improvement in both subjective 
and objective assessment occurred in all 
three patients treated with topical 
pimecrolimus I% 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 all cases 
during 6-12 months follow-up.Therefore, 
pimecrolimus I% 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 1 The first patient with atrophic OLP and white striae at lower lip 

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 I% cream 

Before treatment After 4 weeks treatment 

VAS Score Size VAS Score Size 
Subject (1-10) (0-5) (mm2

) (1-10) (0-5) (mm2
) 

1 3.3 2 29 0.7 0 
2 4.5 2 48 1.7 0 
3 9.8 3 110 1.8 0 
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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 

Address correspondence and reprint requests to: Sirintom Yibchok-anan. Department of Pharmacology, 
Faculty of Veterinary Science, Chulalongkorn University 



lJO Sirintorn Yibchok-anan 

qfl if~\! t~ l'l'U'W i:lu'l! fl\! 6'1THH'i' 111 tfl i'i1t! fl 1:1'111 fl tt ~ :1-1 f?i fl1~1'1utl1w1 ~ 1 'll :Nu 

Ui:i~~1 tA ifl t! l~ fl lll'll fl\i'l'it!U fl m lti:i ~'l'it!~ t 'i'i'O l'l1'1h 1 ~ t llut 'U1'1'i11t! !il1 a 
'U " 

1 
i111il1'1/1J!l7Lllff!l'Jnl'l1, uru</ililJ'Yllllifll, yW1mnwfu111'J11111if11 

2 
ml'l'i!!m111ff?n111, l'lm•ir"11uwn11milwf, yww-1mruu111?11111ill'I 

'mfl'i!11Lflii, flru•'l11111f/1i11il1, u111?111'11il11mfl fo fa limn um 
4 
illf!J!l7LJJff!l'J'YIEJ1, flfil•ff "11Ll WY/llfllillil{, yWW-l WJW3Jl11J'Yllllif l'I 

w ' 
'IJl'llfll1ll'lil 

1m~mnq'Yl~ii-1Li'isuwaullm<111ail"1rnITTuaa•1mLilJ't111vmm~iJm.rm-1'll1n 1 Ullm"1 500 l-ln.1nn.11u 

&i"1viailumu 30 1u vim•vl'uil'11i11mLa•lllll'u 1uLaa"1 TilJii'im~'t11-11u'l/iNvlULLa"1"11mm'lln&iLLarnuLU11111u . . 
!TuJ111un-11t,J~n1u "1TI'l~•vl'uJ11i11a1uLaa"1'Yla-Jfl"1ll1111~11\J 12 ii'itlJ-1 (fasting blood glucose; FBG) 1u1u~ 
o, 7, 14, 21 LL<!• 28 vi'1s'i1i glucose oxidase test LU~srnVisufi1Ll"lii1maa"1riamm•11a-11im~'Yl"1'1ilU 

o ~ ' ~ ~ ' 1 ~ 1 • .I d •• d ,;' LLO•LOU\illflSl-l"1U \ilUflflU Iii 111 'J lJllJ LLO•ufl"1LWil"1~1'J'Yll-1'1'Wlll1'YlmLlJfloU'!"1nl~'YJ\jj(;lfl-J 

l'Ja m1'Yl"1 a fl-1 w ui111t,J 'll n &i~lvi'fomw il "1 LL ;l' lJ :iiil'111 u n .11 L ~ lJ~ u il' fl a ni1 ntj lJmu ~ lJ a ri1-1 llu a 

i.i1~11JYmali&i (P ' o.o5) llru•~J111unv11llfl-ll11,JLU11111uii'-1 2 ntjlJ hJ:iim1mL"1nvi1-1ilu ~·vl'uil'11ina 1u 

Lii fl "1'11 fl-111 u 'll n &imi lJ~lvi'-i'u m~ail"1 LL ;l' lJ hJ LLlil nvi1-1•1nnalJmUl"llJ1 Ull ru•~1•vl'uil'11i11a 1 mii fl"1ll fl-111u 
'U " " " .... 

L U11111UntjlJ~1vJ-jua11ai\'"1 LL il-1'1"1'1-1 flU1-J:iiusi.i1~qj'Yll-1 aa&i (P< 0 .0 5) L~m U~SUL Viau nUl1\j L U11111U 

nalJl"l1Ul"llJ ~•vlUll"lL'1'1Llilmml llil~OaL'lmh.J LLa• HDL 1mmtJn&iliJ:iim1LU~l/ULLU'1-1 i.i111fo11ULUTl11lU 
• " .... 'U 

n~lJffi"11'mmail"1LLilJ 1•vlUll"\LaaL\ilfl1flmLad"11n1iL·1mh.J iiLLIJ1til'lJolil'1-1 LLvi HDL L~lJ~UflU1-J:iiu11i.i1~qj 
vrnali&i (P<0.05) LLil'i1~•vlU AST LLa• ALT liJ:iim1LU~l/ULLUo-Jii'-J1u11u'lln&iLLa"11ULU11111U LLvi1•vlU . . 
BUN LLa• creatinine 'l/1Nl1t,J'lln&intjlJffi~uai1ail"1LLilJL~lJ~UflU1-1:iiu11lil~qj\'11-1'1li&i (P<0.05) ~-1'1il"1~H.i'a-J 
i\'u1>Javmwmli'l'Ylm~wu 1U11t,J'lln&iffi"11'uai~ail"1LtilJ1 ULL4:iim~t~fllJ~flll<N'Yifl l1iil'lfl11 LLa•:iim11i1111vmL'1Jmi' 

1 .J ~ d J 1 z ' ' ~ 1 ·~ .Id .I 1' Iii o1m•"1U BUN LWlJ'l/U Ul1ULU11111U'Yl-1 2 nalJ LLll11•"1U creatinine lJlJn11Lu'11/ULLu'1-1 LL<I• lJWU . . 
l"l11lJ~"1UO&ilJ1NL'IJ'1o11i11u'YIULU11111Uii'i 2 nalJ 'J10f.J'101~\'1"1'1fl-1'11U1vJi1<11~an"1LilDIUfl'1'llnbLilJ :iiq\'1~'1"1 . . . 
1•vl'uJ1qi1a 1 ULafl"1'1/iN'Yl\jL Ull111U :iitL 1J1 til'lJo"1~•vlU ll"lL'1'1L"1mflmLa"11il~naL'1Jil h.J TilJii'iL ~lJ~•vlU HDL 

1 un1"LLatiia"11vi' uvim'J:ii1>Jmilsviam~ih-11uvfl-J 11il ~.;m~~mrn ~m&im~111iluw'tlllD-Ja1~ail1i1LL ilJvia 

1 • J ~ 
\ilLLa"WttL~fl~-1 



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

U'l'IU1 

tt!1'!J (Coscinium fenestrarum) tU'U'1J.!'U1W'l 

~1 ?Jn 'U mh' tt w ~ 11 a1 u tt a mn u ttlil'U w lil .i a nlJ 

·thm10m1 :Wrn1i:l1,a»w11rufom hllllll1l!Jvl'U 

taiilila' aa'UWl:llllnvi'1,1'U~1,rnu fo·tnhlll 
• d 

1maatlllmaa1'UtaalilM hllltrnm1'U tm"a'U 1 . ' . 
•1nm1i'inmWuwu)1 m1anliltt11'!J:Wq1'lllEJ1Ji'fo 

... """"121"'3 ~.,, 4 m1'ti'N1'U"lla,tllmt1Jlll1'lt'll'I · 11a wa1a•mlilU!J 
., ""' ,,. <:)" 5 ... ' "' 

ii1JiJ,m1tt tblil1mNt'llaaim "' mn•i'Um>tt rn lil1 
"l!a,ih.i twhlll" t vi!Jrn>'l11'11J"lla,tta'U~San'llttllluYf 
ta'U hiJ'' alillll1llJvlU 1aiilll' am"vi'rnl11i11a 

1llltaotllla1aa tmdlll>nilt'lla hlil1'Utaalil' tm" 

1iJ:Ww1:1tiiu1Jwau.iavi'lJ 11il 11'11• ua\il 5ru1'1" 

tta"'.fo 1~10 

'lln rn>A n1:11"1l a,,Y,lllru1 

w1J11m1an lilJ1•1ntt11' !J mm> a alil1"vi'1JJ11il1a 
d 1 • 11Jtaalil 11il"lti11'Uun~tta"11m rnm1'U ttarn.ia 11 . . 

~lil.ianm lim1a1 14 l''Uvmi11iJ:Wl'Ja.ia1"vi'lJ 

tl1ll11a tm"vi1tlll"1maalil 1 'U11t,Jun~ tt.ia1m1a 

alil>"vllJ 1maatllla1aa tm" 1mnilt'lla hlil1'U'l1'\J 
~tum rnm1'U 1vi' 

t d a1'1nil'l'lu'U:Wm11l1tt !1'!Jm 1?ifom 

hlllt rnm1'Ut vi!Jmn~'U tta"1liluit11 uttti'1•djm1 
.J 

1?iw1il.ian1Jtlim"u"na11J1u 1'U"llru"m1u,1'Um> 

i'i nm [i, l'Ja 1 m"u"m1"ll "'tt !1'!JiJ,jj1iJmnw "~'" 
oUlJil'U'Ufll'lUlo!J'U 1 W'ltt !1'!Jm 1 m 'Urn'l'i'n1:11 hlll 

' ' .t v 

l'Jl~l'I~' 1vi'111m>1'lliloa1J qmrn "' m1anlil taB1 

~ aa'Jl mt 11'!J.ia1"vi'1JJ1ma tta" 1"1l:il'u 1 mil Blil 

rn1'111,1'U"ll "' vi'rnmdlil"ll "''11'\J u n wtmrnt,J~ t U'U 
d .,, ., "" ' trnm1'U t!Ja 111'm1an\iltaB1'Uaa•1mt11!Jlillilllla 

d .J1· n'ULU'Ut101 30 l'U tWBUll'Jofll'll'lliloB'l'I lilm 

t liim mm' 1'Um11l1al.!'U 1mtt 11'mn 1?ifo1:11 hlll 

t rnm1'U 1vi'mh,uaalililu.ia 1 u 

111 

a'Gli'l1 ma fl"l tta~a1 'itflil 

'11'U"lll1tW0~'1ll'IWUtl Sprague-Dawley . . ' 
J1111l'n 200-250 n'i'!J •1nmll'nam1'llilamttvi,'lllw 

!Jm'il'lmau!Jiilila maim ~11l'lil'Ulll>UJi1J m1anlil 

t1rn1uaa'J1mt 11'1J 

'1l'ltlll:Wtmrn111i'~mv\',;i 0-dianisidine 

(Sigma, USA), PGO enzyme (Sigma, USA), 

streptozotocin (Sigma, USA), microplate reader 

® 
(Tecan A-5082), glucose strip (Advantage ) 

a:im hntta"ttmi,~m 
' 

\l1tm"lla,tt11'!J'JlO~''l1llil'l1Uo'lllll'I malJ 

111'adialil lil1n111'm1' •1ntl'ull1mtt"ll11JtaITT'Uaa 
... d ' h l """""" ... .d 95o/o wavi1!J !l1mlllmwm1'u{]n'll'lllil1mlll'lil' 

reflux ttl'lnmmta"ci1'U"llil,t'l1maan'J1nnu !l1ci1'U 

"llo't 11a1ffivi'm1"mmmtmrmaaaan 11ilu 1 ?itlll~m 
rotary evaporator \ldoi'm1anlil1lJ1lll1mi1J ?lliltU'U 

17.9% "llo'1.J~mrutt11'!J~'l11Jlil~ll1manlil \J>Wa 
.t.J • .,,,1 ·~ ~,111J1 11 11u,1'U11m1aanq1'lu1'lmlllfY 'Utt'l1!Jllla 

berberine v],Ju 1 'Ufll'll'llilo a,lll{,;i~,'111m'llll'l1'l 

aa rn an a n1:1rum' tlll:W"ll "' a11a nlil taB1'U a a •1 n 
tt11'1Jffioi'tu~urnYiu1JnlJ berberine 11ilu'ili thin layer 

chromatography ua~ nuclear magnetic resonance 

n11t 11iimll111u 'l 'll' tllm u11111'U 
" 

alilm111111'U 24 ihtmria'Umm>l'llilamiilil 

streptozotocin (S.;;) "ll'Ullil 50 !Jfl./flfl. ~a"mu 
1'U citrate buffer (pH 4.5) ti!1m,11aa\iltaa'"~hYi 

m'11u tvlamtim!l1111'11wlimrnm1'U C~'.ia1u 
'"t~u~1111t,Jtrnm1'U) 11a"1niilil sTz 48 ihtm 

"I.., d Q.< ... 

lllTI'Jtaalil'l1'U11ilm"ll glucose strip tWillll\;ltaBfl'l1'\J 

~jj.,"v\'1Jtl1;1amnn11 250 !Jn.11Ja. d111'l'1J1ii 

1ufll>1'1'"""' 



ll2 

,; ~ • 1 
1. fll'H1Vli'1ilUq1'15"1181i\11i'1fililLU'l!J \Jfll1 

01i11•.JuJ11i1101m1ialil1 Ul11,JtlnITTLLo•l11,JL rnm1u 

LLU11'l\JUfiITTLLO•l1\JLUlml\JBBrnuu 4 milJ . . , 
nzj1Jo• 7 -8 Jl1 

nzj1J~ 1 l11JUnITTilauJ1m1'u o.5 1Jo.1Jl1 

nzj1J~ 2 l11JUnITT ilaua11anlilLLi1J"1J\J101 

500 1Jn.1nn. 

nzj1J~ 3 l11JLrnm1u ilauJ1m1'u 0.5 !Jo. 

loll 

nzj1J~ 4 l11JLrnm1u ilaum1an01LLi1J"1J\Jllil 

500 1Jn.1nn. 

iJ auJ1 n~ u~11 '11'L ti u.J1'1'i10•01am1an vi 
'II"' "''111'11 '"' Jj,,._ LL l11Jmaa11anmL 111J l11'11,Jl'.)nn~muo•A111il"1 

eiaflu 30 i'u ~{B11~~~~J111U'nvl'Jl1\fYJn1'u .Yh 
m10111'J1•JluJ11i1101m1iavi1u1u~ o, 7, 14, 21 

'II """" 12 LLO• 28 "11U15 glucose oxidase test LLo• 

BV1Bll1110B\J'l'ilfll11ilTI'JL1iB01Bti11ua~ 12 i111J1 

2. fll1A filll l'Jo"IJB1 i'111i'10"1 LL ;i'1J\ii B1•olU 

1ml'u 1m1iavi m1'1'i111u"1JB1Jlrnrn"1lil 1u111,JtlnITT 

LLorn1.JLrnm1u LdB1i1uo•A~1ITTviviBnu 30 1u 

1vimLti1nzj1Jl11,JL'lim&'imnum11'lvio a1~ 1 

Bvimm1111JnBu'l'i1m11'1vioa1 12 -B'11m 

Lnrn1iavi 11i1a'ili.Jviu01a1111 L vi atl11 !l1i111'J l'i1LA:il 

1m1iBvi hi'LLn blood urea nitrogen (BUN), 

creatinine, lrHoi'lllilB1Bo, 11il1n1iL'lfB hlii', high 

density lipoprotein (HDL), aspartate amino-

Sirintorn Yibchok-anan 

transferase (AST) LL'i.'i~ alanine aminotransferase 

(ALT) 101~'J•mm11i1111J1mu~ o 11'1'.mmTu 11u 

'Nmm1uaum1'Ylviaau1uo• 1 A~ITTvivianu 30 1u 

LLo• 1 \Jl\J~ 31 'l'i1m1Lnrn1ialila11il111ll'ilLAm \J 

L1i avi.J1 mi11linA~1 wf amt, Lnua1mrn1a 1 u 

L'li\J Jiu Jlmiau UBVJ 11il LLo•i11'J a1m1'Jm1 

wmll'il'lmLda~uqvim1'Ylvioa1 

fll'l'l'llil <leJU'l'll~ <IOA 

Lll'fouLfiaum1mLlilnvi~1•11i11J11111'nm1 
1•oluJ11illOLLO•l'ilLA:ilvi111 1m1iBV1"1JB11'l1,JOzjlJ 

L&'imnuna1JLL0•11511irn1'Ylvii'1Bmha paired t-test 

LLo• L u'larn fiaum1 IJLL1i10\ii111•11i11 nzjlJ oi'1a 

unpaired t-test 1h1rnvi1il'i1 P < 0.05 ti1f.i' 

m11J LLlil n vii' a1i11 :il!Ta ihY1tym1 ail ITT 

~ ' . 1. 1>Jofll1'YJ011larnanon1lrum,LA1J"1JB1 

1111110"1L851\J Bo'JlO LL ;i'IJ 

1J1n11m1um1Amnwui1 berberine LUU 
.f.d 0 .... 1 "' 'II 1113 14 d 1111ililOq1'1n'Ylil1Aty \Ji'111'10V1Ll\11J ' ' LIJB 

1'llili'1ButBn5mrn!m1LAiillilB'ili TLC Lvia11u!lu 
' • 1 ~ • d1"' 111J berberine um1an01Lm1Jl'l '11 L\Jfll1'Yl"1oB1 

wui1m1tmli1"1Ja1 berberine ~u11nn1um1anvi 
ttimuum1tmli1L~mnu berberine ~1'11'ttlum1 
fi'11ll1 (R, = 0.54) ll11"11i1:il berberine UTIO{]Btj 

1 u111wnvmi1J~tl11J11'11'1 um11'lliloB1 (~u~ 1) 

Rr= 0.54 

CFEl CFE:Z 
Berberirte 

~ti~ 1 l'Jo'Jln TLC "1JB1m1anliltLimtl'larnfiaunu berberine ~1'11'B'11ll1 (R, = 0.54) CFEl Lta• CFE2 

~B m111nliltti1J~lvi<J1nm111nlilA~1~ 1 tto•A~1~ 2 1i111J~1.Ju 
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tda\ilTI\ll18UvllLL1'11i'l'1l8'1 1H LLO" "c '118'1 

berbe1ine 1 u011an\ilLL !l'lJvihl'l um111vioa-:i '111115 

d1 >If! 'V "' J.j J5 I "-' .J 
berberine 11 l!bUfll'lal'IB'I ' l'/lUflU (1t111 2) 

(o 
0 

II OCH3 

berberine 11 

350.00 

300.00 

250.00 

§ 
~ 200.00 . .c 
.2' 
~ 

~ 

"' " 
150.00 

0 
ID 

100.00 

50.00. 
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2. r.Jl.1'1l8'1'1l'll10\ill851U8o\llfl1Li:J.J~8 

tl111 u n til1'1l a-:i 11 u ti fl Oi LL a nm L m m1u 
" " 

'ill fl r.J am 111\il" a-:i vmi1tl111u fl Lil1'1l a-:i11 u 
" 

ti fl mrl1 '1'.iu fli1iJ au 011ail vi tt il'lJ t vilJ~u\1' a11 fl11 

ntjlJmu')lJau1-:iiiumihl'lqim-:iau0i (P, o.o5) 

.1'-:itt~l'url 6 u-:i 25 LLa"l'url 27 u-:i 31 1u'1lru" 

rla11ailvitt!l':J.J hi ii r.Ja~am>L vilJ~u'll a-:itl111ufl 
.,, d .,, .,, 
l'll'/lB'l11'\Jl U11111U llJ Bl 111JU flU11\jlU11111U 

" mi lJfllUfllJ lila Blilfll'l11\il a a-:i u Bfl\ll nil!1'-:iwu11 . . 
\ill.1Blil'l"11"11m 1 1~aurl'ii1m111\ilaa-:i 1iJiim1 

L vilJ'll a-:i tl111u fl til11u11 '\JI m1111uir-:i aa-:i fltjlJ 1iJ 

ll\ld.i'fom1otl\ilii!l'lJ11~a 1iJifon:J.J C:tlrl 3) 

-+---- NR cont ---B-- NR treat 

---:6.- OM cont ----u- DM treat 

0.00 !-~~~~~~~~~~~~~~~~~~~~~~~~~~-

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

day 

1t1rl 3 vi11u~11 (mean ± SEM) '1la-:itl111uflLil1'1la-:i11utlnm11arnmmm1unalJYl1"1fom1ail\il 
~ 'II 'II , 

LL!l'mrn" ntjlJfllU')lJ (* LL0\il-:iu-:ivi1 P' o.o5 tdmi111uiluntjmnu'):J.J) NR=W\Jtlnm, 

DM=11'\JLU11111U 

.t .... .., ' 3. q11B'1la-:i a11an\il1 a51u aa\l1mm lJ\il a 

""Lilutl11i11a 1 um"11mifa\il 

I~m tl~11rn i111m"Lilutl1\illo 1 maa\il'/l8'111'\J 

tlnmffi~um1ilaua11an~m!l'lJnuna:J.Jmufl1Jwu . . 
ll'l"Lilutll\illo 1ULaB\il1i.J11\ilfl~l'ltlU\ill.18\il'l"11"11al 

fi'iilfl1'l11\ill18U llo"1dm murn fi11m"ti1Utlllillo 

1mlia\il'/l!N11u~a1Nn<iml'llii'u 1u1url 7, 14, 21 " . 
Lia" 2s 11tl'-:iiJaum111\iloau ilul'unauC~lJ'ii1 

T Q.> !' cf; I 

fll'll'l\ilaa-:i wm11"\ilUU1\illo'1la-:i11um 2 nalJ " . 
1i.J11\iln~1-:iiluai11-:iiiumhl'lqim-:iaum c:t1rl 4) 
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Normal rats a control 

120.00 r 
I 

w w 
100.00 i 

> 
80.00 ..!! 

m= 
0 le 60.00 0 "' .:! E 
"' -.. 40.00 
E 
w .. 20.00. 0: 

0.00 

0 7 

mm 8'1 m~;;in om 11' 1Jvi 8 ~" lil u J1ma1 u 

La 81'1~ 8'1'11\J L m1111u wui1~"1iluJ11'!1a 1'WL1i81'1 

~ 8'1 '11'W L \J1'1111'W mi IJA1\JA IJ 1i1LL\l1n vi11 fl\Jl'WL~IJ . ' ' 
Yi1m~11\l108'! ami'u1u~ 28 ~81m~11\l108'! 
wui1 ii~"lilu J1\l11a1uLa81'1LvilJ~u8811 ihfo 
~1AC)jl11'1oiiG\ (P ' 0.05) a1'11'l'\J'l1\jL\Jllfll'W 

mi1J~Mfom~on1'1LL i1'1Jii~"liluii'11'11a1'WL1i8oi1 u 
' 

1u~ 7, 14, 21 LLa" 28 aoia18ri11iitT11a1A't:y 

400.00 

600.00 I ~ 
500.00 . 

~ ::::-

8 ~ 300.00 1 
.:! E 
Cl -
.. 200.00 
E 
w 
.!ll 
a. 100.00 . 

0.00 ~·· 

0 

DM rats 

l '"~ 

7 14 
Day 

Ill treatment 

14 21 28 
Day 

m1;;ii\G\ (P , o.o5) Ldmu~11uLli11unu1uL~lJ 

Yi1m~11oia8'1 LL a" Ld m u~11m li11m"liluJ1\lna 

1'WL1i8 oi~ 8'1 '11'W L mm1u nri1J~1.ifom•onoiu 11' lJ . ' 
1u1u~ 7, 14, 21 LLa" 28 tl\Jl1\jL1J11111untj1J 

murilJ 1 u1'WL&imnu wui1•"liluJ1\l11a 1 'WLa8\l1 

~m11\Jntj1Jmlii':rum•onoiLLi1'1J1u1u~ 1, 14, 21 

LLa" 28 ~1ni18ri1'liitl'mhA'C)Jm1oi\Gl (P' 0.05) 

\l1081'lm•11oia8'!Lli'Wn'W (JU~ 5) 

21 

scontrol 

1111treatment 

• 

28 

•u~ 5 ri1m~11 (mean ± SEM) ~8"".JuJ1ma11JL1i8oi~8'!l1'WL\Jl1111unri1J~Mfom~anoiLLi1'1J LLa" . . ' 
'l1'WLm1111unri1JmuA1J ('LLi'!oi1fi1ri1 P, o.o5 tdmli11unul'uL~1J.iuYi1m~111'la811unrim&imnu, " . . . 
# LLaoi1fi1ri1 P, o.o5 Ldmli11ununtj1Jmuri1J1u11JL&imnu) 
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d <V IV T 

4. q'l1tl1JB11.'ll'li.'lfllil LB5l'U m'FillmL'l11J\il a 

1"v!u 1m'Ju 1maam m1Yi111u1Ja1v!rnrn"1lil 

4.1 1"v!u1m1'u1maa\il 

\llflfll1'11\iloB1Vmi11"v!u1Atoi'!l\ilB1Bo 

115 

LL0"11i11fl1iL~mhm'l'ULaB\il1JB1'1l'Ut.ifl~ LLa"'ll'ULUll'm'U . . 
ir1namLarni.i'1 M-l'um11'llil1.'lau hiLLliln~h1 nu a1i11 

ihl'mhvlqj'l1111.'11im (JU~ 6 LLO" 7) 

Cholesterol (mg/di) 
a Day o 

Ill Day 31 
160.00 

140.00 

120.00 

100.00 

80.00 

60.00 

40.00 

0.00 
NRcont NR treat OM cont OM treat 

_,.J , d + ~ t 1 ~ .I ~ , d1 w 
~u'll 6 AlLilofJ (mean - SEM) 1JB11"1i1U ALOi'!l\ilB1Bo 'ULoB\illJB,'ll\jufl\ilLLO"'ll\!lUl'll1l'Ufl'!IJ'l1 lil1U 

imai'imLL'l11Jll'Ullil 500 1Jn.1nn. Lrnrnli1JmUA1J (# Ll1.'lm1li,~1 P < o.o5 Ldmi'iaui'iumimnuAIJ) . . . . 
NR = 'll'UUO~, DM = '1'ULUTH1l'U . . 

Triglyceride (mg/di) 
300.00 ·------------------------

l!!Day 0 

.. Day 31 

NRcont NR treat 

1"v!u HDL lmaaA1Jm'lluun~nli1JmuA1J . ' ' 
'lluunmnli1JffiiKfom1ai'imLL'l11J Lta•'1mrnm1u . ' . 
fl~IJ'11Ul'jlJ 1iJLL\llfl~l1fl1JB1il1ij\J'v!l11'1qJ'111'1ll1im 

(P < 0.05) Ldanfiarni'iaui'iuliam~1J011'11\lla01 

OM cont Di\11 treat 

fJ fl l l1J'11J l Ul'll1l1JOa1JffiITTu1.'1111.'lnlilll '111Jmlil~ a nu . ' 

30 1u ih"v!u HDL 1uLaalilLvlmlua1i1'1iiuami'lqJ 

'111'11.'11im (P' o.o5) Ldmt.l'larni'iaui'iuliam~1J011 
.; -"' ~ ~ , _ ,.i 

'l1\lloB1llo"l1Jmu1am'l1f1UflUO'!IJi'l1Ul'jlJ (Ju'Vl 8) 
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HDL (mg/di) 
60.00 

40.00 

30.00 

20.00 

10.00 

0.00 

NR cont NR treat 

4.2 fll1tt1111J~tNolU 

1".'iu AST Ll<l" ALT 1m~BY1mNl'llJUn&l 

LL<lrnlJL Ul11lllJl'l<i'11iilfom~l'fnY1LLlllJ hjLLYin.i11 

Sirintorn Yibchok-anan 

[!]Day 0 

" Day 31 

# 
• 

DMcont OM treat 

111 n~ a1111J n ~ lJ Yi1 u rilJ a ~11ilus1'111'1 f.)!trn ll a &i 
d ·"' ~ ~ • • • ·"' ~ LlJmu~SULl'ISUnunam11m'l'l'IY1l'fBU LLO"Lu1SULl'ISU 

nunrilJY11UYllJ ( ~U~ 9 LLil" 10) 
' ' v 

AST (U/I) 
300.00 ------------------------

[!]Day 0 

" Day 31 

200.00 

100.00 

0.00 

NRcont NR treat O\o1 cont OM treat 
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ALT (U/I) 
El Day 0 

01 Day 31 

80.00 

60.00 

40.00 

20.00 

0.00 

NR cont NR treat 

4.3 n11Yil,l'W~il' 1lll 

'11'\!U n &ivflvi'foa11<1nllltt .f IJ '11'\! t m1111u 

n a IJ fl1'U f!IJ 11IJ~'0 a IJ~1.J'f u "11<1rl lll tt lfoii . . . 
~ 1 ~ d ; ' 1"lilU BUN maallJtlJiloU<llllOWl'llll<lil'"'011 . . 

DM cont DMtreat 

1 mli a lll~ "' l'l\J u n &in a IJ f11Ufl IJ 1iiii 011 tu ~amt Ui'N . . . 
~iiumhl'l!\! (P < o.o5) 11'\!un&1~1vi'fomwnoi 
tti1Jih".lu BUN 1utaaoii'Nni111uun&ina1Jri1uri1J 

'II 'II • • 

aci1,iiumi1iliy (P < o.o5) (Ju~ 11) 

BUN (mg/di) 
El Day 0 

Iii! Day 31 
70.00 ----

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

NR cont NR treat OM cont OM treat 

itli'i 11 fi1tu~s (mean ± SEM) ~a'1".lu BUN 1mlialll~a'11uun&ittarnmmm1una1J~1vi''l'um1 
'LI 'II .... • 

.,.., ' ,,j.,..,,,,d .,i.,.., 
<!Olllttl11J lli1"filj1Jfl1Ul'jl.J (* p < 0.05 llJiltl'JSUOUOilutilJnlWIO!oil,, # p < 0.05 tlJiltl'JSUnu 
na1Jf!1Uf!IJ) NR = 11uun&J, DM = l'lut'Ull'l11U 

• • 'll 'II 

i".l'u creatinine 1maillll~il'l'l'\!Un&intj1J 

fl1Uf!IJ tta"l'lUl'Ull'lllUOalJf!1UfllJ tta"l'lUt'Ull'lllU 
.. 'II • • 'II 

na1JYi1vi''l'um1an lll tt .r IJ 1iittlll n.i1' nu ocil' ii us 
ih~iyrrnaii&i tdmmsrnYisunu1uriaumTYJlllo"' 

.J • I .... I .J1 ..,., "" .., .,. "' 
~IU"l'll'l\J uO\l!ORIJl'l lll1U"11<10lllttl'llJIJ1""1U 
creatinin; 1 mli il~ t ~IJ~U aci1,iiumlliliym,aii&i 
(P < o.o5) tdmmsrnYisunu1uriaum11'lllloa' 
(Ju~ 12) 
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Creatinine (mg/di) 0 
Day o 

0.60 ,------------------------=lil~Da=-'-y-=3~1 

0.50 

0.40 

0.30 

0.00 

NRcont NR treat CM cont Dfv1 treat 

~ti~ 12 Altu~t'J (mean± SEM) 118'11•.l'u creatinine 1maa\llll8'111Utln&iLL'1•11'1.JL1Jl\11Ttrna1.1~hifo 
51WnVILLMl.J LLti•otjm11rnp.1 (* P' 0.05 LdmYit'luii'uriam{1.1m111V1tia~) ' 

NR= 1rntlo&i, DM = 11'\.JL1Jl'H11U . . 

5. N'11'11'l'l'1Wt'J1Bl\1t'Jl 

No'illO m1\ll11\ll'rn'iltiwm1i111m 1 ua-l'm• 
' 

cil'l 1 i-ia .Yu .lmiau 1\ll 11'11• :tJ1l.J LLti•tlaV1 l!i 

wul'l11l.JfJV1tlo&i1V111u11u11ooal.J t'lori'u 1u l\ll . ' ' 
'llITT11\jtlo&iotjl.lffivi'fo511aii'V1LLMl.J wuiim1L~al.J 
iJa'lla'lL'llmfl'ia l\lll'lat'J 1 u11\l LLti•m1\ll1UlJ a'l L 'llmf 

l\ll1'1.Jl1\j'Yj0.1'1 

Ld mhm1il au a11a ii' \ll L a51'\.J a o'ill o LL Ml.I 

'11'\.Jl\ll 500 l.Jo.100.1-lu 1u11utln&iLLti•11mrnm1u . . 
wui1 m1 L vi1.1ll mtl11111' o \il11 u11\jtl o&iti\llo'l LL cil Ii ii 

N ticiam1 L vil.J~'\.J'll !Htl111tio.111 u11uL u11111u • 
., • .ruJ1\lllo11.J La a \ll'll 8'3111.Jtl o&i oa l.J\'111J\'ll.JLL'1• . ' ' 

o tj 1.1~1vi'lmm <1ii'V1LLM'1.1 liiii 1'111mL\ll o ci1'l ii'u 

lilo !l\llm111\llo "' 'llt:1.1•~1•.lutl1\ll1ti 1 m~ !l\ll'll!l'l 
11'\.J L Ul\111U 0 a1.1~1vi'lu 511'1ii' \ll LL M l.Jo\llo'l \llo 11~ 

• ' VO 

01111\llo !l'l Ldm mt'11JL fit'11Jn1JO!l'\.JL~l.Jf11111\ll'1!l'l 
(day 0) LLi.l\ll'lil511i.ln\lll8UlU8'1'illnLLMl.J 511.Jl10 

tiV11•.lutl1\ll1ti 1 m~11\ll1111-:i11m rnm1u M LLcilliii • 
N ti ci !l 11\j tin &i ~' "" \ll l'I ;;I'"' ii' um 111\ll ti 11'311 "' 
"' ' d 9 d.. 'f ~ !l'll'lt:l.11 LmL~V1•m1 11mm111\llti!l'lb\llt'li111u 

m1aii'V1tl1•1mLM'1.J&iV1ci11ii'muunm 14 -Ju Lm• 

Ld 11l'i1011\lJ11\ll \ll Al L \'I m '\.J L~ !l \ll 11 i.l'lil au 511'1 ii' \ll 

mmu11ti•1mLM'1.J&iV1ci11ii'muunm 30 -Ju wui1 

1•.lu 1rumlL\ll m11ti 1 u11utl n&illiiim1L tl~t'JuLL tlo'l • 
LLciiiLL'\.J1LUl.J'1\ll'1'31'Wl1'\.JL1JlITTl'\.J 1•.11J l\ll1naL'll!l h;J • 
iium1tl1.1ti\ll'1'1 iii1u11utln&iLL0•11uLrnm1u 1•.lu . . 
HDL 11iiim1Ltl~t'J'\.JLLtlo'11'1.J111;jtln&i LLciLvil.J~'\.J 
11~l'liii1'mh.l()!l'll'laii&i er , o.o5) 1u11\JLrn1111u 

~'loa\lll'l<imii'um111\lltim11m i'i'll'lt:l.11 Lr.j1m~'ilm1' 
~l'i1m111\llo!l'l L\llt'JU!l'\.J511ailii1tll'illmL M' 1.1&iV1ci 11 

ii'muunm 14 1u Liim&imii'u 

., • .ru AST LLO" ALT 11iiim1Ltl~t'J'l.JLLtl'1'1 
11i.\''lil11u511aii'V1LL !1'1.1 iii 1u11utln&iLLtirnuLmm1u • • 
L ilu L &i m ii' u N mrn w m 1i111 mffiliwu m11.1 fJ\ll tin &i 

ll!l'lL'lltilf \ilu wum1a"a1.J'llITT'llITT lml'u 1 u11utl n&i 

Jt,na1.J\'111Jl'lmrn"na1.J~lvifom1aii'V1LL M'~ LLci 
' ' ' 

11iiim1<1"i.ll.Jll!l'l llll1'i.J 1 u11'\.JL1Jl\111'\.Jit'l 2 nal.J 

~'lLL5\ll'lilol15nlilL!lUlU8'1'il~nLLMl.J lliiiNo L tl~~'\.J 
LL ti o'l m11'il'l1u11 "' \ilu 

a111'lm"\il1J BUN LLO" creatinine ~Lvil.Jo'l • 
.¥ 1 .I • .:, •v v • • v '11'\.J U11\juf1\lll'IL\ll'11J51150\llLL111.J 'i1"5!l\ll\'1'1!l'lf11J 

N o 1'11'1 'l '1 w m lli 11 t'll ~ w ui1iim1 L ~111.1 iJ !I'll"' 11 e 
l\il l'l!lt'J Lltl"jj nl'l\illt'Jll!l'l L 'llool\il 1 'W111;jtln&i~1vi 
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fom1an\llLLM1J LW\llT:i1m1an\llLLM1Jti1•eiil'Jmaa 

~ifm11!'i1.:nwmn 1lll 1'Wl'l\ftln&\ L~a.:i'll1meiilu BUN 

1milam UtJ!il1ti.:ill1i.:itfo.nru T t/1&itJ~~1.:i ma Mfo 

l'l1l1J<ll!Jlon~a.:iiilu 1'Wm1L tl~amL tliN<111.ii-:i 1 

m1ef'J111J<11m1n 1tJmoiiuaan~a.:iLaa~a.:i 1lll 

ri1'W creatinine LU'W~a.:iLa8~Lfl\ll\llm1Jllllua~a1J 
~a.:in.1'1mil'mrneBniiuaan l\lla 1lll m1e1,.ru~a.:i 
BUN Lrne creatinine 1maa\llll'n'lleLvilJ\j.:iiftJ1'W 

mru~Lfl\llf'l111Jfi\llt/n&\~ 8'1nl1TI11'11J'i~~a.:i 1lll 16 

mh.:i bn\ll1l.11'Wl'liJLUllnl'W mrn1111\llaa.:i~M 
1iJtLtlii\ll L~a.:i\l1n1eiilu BUN 1maa\lll'la.:i~'W 
m1mrn a.:i L vil.la.:iif tJ 1 'Wl'l'WL mm1tJit.:in ril.lf'l1Uf'llJ 

'U ..., • • 

Lrnrntjl.l~loi"l'rnman\llLLMl.I LL.ioeiilu creatinine 

nau 1iJLLllln.i1.:ifi'tJit.:i 2 ntjl.I ~'1nl1TI1'1l'W~8.:J 1lll 

~a\lla.:i1'Wl'l\JLU11'11l'W fll\lLnlllillnvm1ilamvrna.:i 

T of'l L mm1tJ L a.:i ~ ri.:i f.l a!'i111'11llll'ill'l il'1~M a \ll a.:i 

Lrne /l'l'la L U'W f.l o!Jl\lln moan \ll LL iZ 1J~11Jlii'1 a nM 

LL.i\11n1>Jam.:i~avm1il'l11m 1iJwuf'l11l.I ii\lltl n&\ 

~aw1rno"l\ll 1'Wl'lmmm1tJ..i'.:i 2 mimlitJntJ~.:i . ' 

oo\llf'l'1'a.:iii'um1?imn~a.:i 1Je~111ru 'WllJ~.:1 10 

~wui1m1an\llLLMl.I 1iJiirhm urniiauwatJ .ia 

m1!'i1.:i1tJ~a.:iiilu 11il 1111\l tla\ll ilru'l'l" LLae'.i.:ilii 

~.:i L U'W 1 t!llii'i1m1an\ll La5l'W aa\11 n LL Ml.IUl'lleii 

l'lmh 1 l'lllil~a.:il'liJ'lln&\!'i1.:i1tJ llii'a\ll<M ~.:i 1iJm1 

h"ltJl'ltJtln&i LL.iv.:i 1iJmm1na1t!l'Ja hl'LLilii\ll 1 'W . ' 

l'l\jLUll'l1l'W ~.:if'l10\lelii'a.:iiim1?imrn vim&il.I 1 'W 

L~a.:if'J111J L U'Wi11'1L~a'.i.:i~ a.:im1aii' mL MIJ l\lla!'i1 

m111\lloau1meaeL1m~m'Wif'W Lli'W 3 LiliatJ 

LLOe 6 LiliatJl\llmilw1eaci1.:i~.:im111\llaau1tJl'l\j 
L Ull'l111J.ia 1tJ 

m1aii'l'lrnill'W aa\l1mLMl.I 1iJiil'Ja.imeiilu 

J11i11a 1tJLaal'! 1eiilu 1~ll''W tLaem1!'i1.:i1tJ~ a.:iiilu 

1 'Wl'liJ'lln&\ ri1tJ 1 'Wl'l\JL uim1tJm1an\llmilltJaffil1n 

LLMIJ 1iJiif.lawam1Lvimm.:iJ1m1'niil1 iiq11ta\ll1eiilu 

ihii11a 1maa\ll Maci1.:iiiumhl'lf:\J ameiiluTmaa 

Lli\maa LLodlilon~L'l!a h\ll1lii'L~n-waa LL.iLvimeiilu 

HDL M LLaeliJiif.lmtl~amLt!a.:im1'111.:i1tJ~a.:iiilu 
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REVIEWS 

Medicinal Plants in Tipitaka 

Narumon Laohareungpanya 

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 

Researches on medicinal plants have 
been going on intensively during the past 
two-decades to determine 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 
medicinal treatises in Ayurved ic, 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 li fe. 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 9-33), 
and Abhidhamma Pitaka (volume 34-45). 
The Yinaya Pitaka is the pa11 of treatises 
established rules and ways that the 
Buddhist monks should fo llow, 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 palrnleaves 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: 
l) mu/a means roots, rhizomes, or bulb, 
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2) panna means whole leaves, 3) pha/a 
means seeds and seedless fruits, 4) j atu 
means balsam, latex, gum res ins, or resin, 
and 5) kasava means extracted solution 
from any pa11s of plants. Methods for 
admin istration of these medicinal plants 
were as oral consumption and percutanous 
appl ication by rubbing, dropping, inhalation, 
fumigation, or soaking. Pharmaceutical 
dosages form of the raw and dried of fruits/ 
root/ rhizome, decoction, tincture, powder 
and paste were used in the Buddha's 
lifetime. Supportive ingredients 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 
compendium2

, 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 malnutrition due to gastro­
intestinal disorders, in fectious disease that 
normally occm1ed 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 
names3 in comparison with the botanical 
names and famil ies of plant species.2

• 
4

• 
5 

Mode and medicinal uses of the plants are 
briefly stated only that were evidenced in 
Tipitaka 1

•
6 including the genera l uses from 

I iteratures of many resources. 2• 
5
• 
7
• 

8
• 

9 

Conclusion 

There are about 34 medicinal plant 
spec ies named specifically in Tipitaka. 
The names of plants and ways for 
medicinal 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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Lists of medicinal plants in Tipitaka 

Magadhi name' 
Botanical name 2' 

5 Part of plants: Medicinal uses cited in 

Family name 
the TIPITAKA1

'
6 

(Genet-al uses in other ancient treatises)z.s. 7.S. 9 

Phylla11lh11s e111blica Fruit : jaundice, tonic, purgative 
I. Amalaka 

EUPHORBIACEAE (antioxidant, antihepatotoxic, antibacterial, 
antifun~al, purgative, diuretic, aphrodisiac) 

Aco11it11111 heterophy/111111 Root : malnutrition due to gastrointestinal 
2. Ativisa disorder, fever RANANCULACEAE 

(antipyretic, antidiarrhoea, leucodenna, dvsuria) 
Rhizome: eye drug, malnutrition due to 

3. Bhaddamuttaka Cyperus ro/1111d11s gastrointestinal disorder, skin disease. 
CYPERACEAE (stomachic, anthelmintic, wound healing, 

diuretic, antiovretic, stimulant, tonic) 

Santa/11111 a/b11111 Wood: eye drug, skin disease 
4. Candana 

SANTALACEAE (antidiarrhoea, wound healing, antiemitic, 
antipyretic, astringent) 

5. Gothaphala Trib11/11s lerreslris Fruit: jaundice, morbidness 
ZYGOPHYLLACEAE (analgesic, diuretic, rejuvenative, tonic) 

6. Halidda C11rc11111a /onga Rhizome: gastrointestinal disorder, jaundice 
ZINGIBERACEAE (stomach ic, ca rm inati ve, anti-in tlamnrntion, 

antihepatotoxic, peptic ulcer, anticancer) 
7. Haritaka Ter111i11a/ia chebula Fruit: unhealthy due to long time constipation 

COMBRETACEAE (purgative, tonic, antibiotic, blood purifier) 

Ferula asafoelica 
Gum /res in : indigestion, headache 

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

expectorant) 

Jclmocarpus fr11/esce11s 
No part identification: eye drug, skin disease 

9. Kalanusariya (antipyretic, dyspepsia, and eyesight APOCYNACEAE promoter are found in leaf and root ) 

Gossypi11111 herbace11111 
Leaf : fever, muscular and joint pain, 

10. Kappasi vertigo, dyspepsia, nausea, no appetite 
MALOACEAE ( clysuria, scabies) 

Picrorchiza kurrooa 
Rhizome : Gastrointestinal disorder, appetizer 

11 . Katukarohini 
SCROPHULARIACEAE 

(stomachic, canninative, appetizer, 
antihepatotoxic) 
Extract plant: ulcer, boils, abscess 

Holarrhena Leaf: fever, muscular and joint pain, vertigo, 
12. Kutaja cmtidysenterica dyspepsia, nausea, vomiting, no appetite 

APOCYNACEAE (astringent, antidysenteric, purgative, 
stomachic, antipyretic, tonic) 

Alli11111 saliv11111 
Bulb: have a queasy feeling in the stomach 

13. Lasuna 
LILIACEAE 

(hypolipidemia, flatulence, rubefacient, 
vermifuge, aphrodisiac) 

14. Marica 
Piper 11igr11111 Fruit: malnutrition 
PIPERACEAE (rhinitis, appetizer, asthma, antibiotic) 

15. Mugga 
Plwseo/us radialus Seeds: malnutrition 
PAPILIONACEAE (nourishing food, urinary disease) 

16. Mulalikahi 
Ne/11111bi11111 specios11111 Rhizome: fever 
NYMPHAEACEAE (anti-inflamation, antiheoatotoxicity, cold, debility) 

17. Nattamala 
Jas111i1111111 sa111bac Extracted flower: itch, boils, abscess, deodorant 
OLEACEAE (antipyretic, skin disease, eye lotion) 
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Magadhi name 1 Botanical name 2' 
5 Part of plants: Medicinal uses cited in 

Family name the TIPITAKA1
'
6 

(General uses in other ancient treatises)2,!\ 7.s. 9 

Extracted plant: itch, boils, abscess, deodorant 
Azadirachta indica, or Leaf: fever, muscular and joint pain, 

18. Nimba Melia azadirachta vertigo, dyspepsia, nausea, no appetite 
MELIACEAE (skin disease, antipyretic, tonic, stimulant, 

gastrointestinal disorder) 
Extracted plant: itch, boils, abscess, sores, deodorant 

19. Paggava Tinospora crispa (anti-inflammation, antipyretic, appetizer, 
MENISPERMACEAE jaundice, stomach complaints, antibiotic, 

tonic, skin disease) 
Extracted plant: itch, boils, abscess, deodorant 

Trichosanthes dioica Leaf: fever, muscular and joint pain, 
20. Patola 

CUCURBITACEAE vertigo, dyspepsia, nausea, no appetite 
(antipyretic, diuretic, galactagogue, 
hypoglycemic, skin disease) 

21. Phanita Sacharu111 officinar11111 Extract plant: vomiting, malnutrition due to fever 
GRAMINEAE (antiemetic, morbid thirst, wound heal ing) 

22. Pipphali Piper /011g11111 Fruit: malnutrition due to fever,juandice 
PIPERACEAE (carminative, appetizer) 

Styrax benzoin Gum /resin: skin disease, headache 
23. Sajjulasa (antiseptic, anti inflammat ion, expectorant, STRYRACACEAE carminative, anti-depressant, diuretic) 

Leaf: fever, muscular and joint pain, vertigo, 

Oci11111111 sa11ct11111 dyspepsia, nausea, no appetite 
24. Sulasi LABIATAE seed: wound itching 

(antipyretic, splenic disorder, toxicosis, 
rheumatism, skin eruption) 

Zingiber ofjicinale Rase Rhizome: fever, gastrointest inal disorder 
25. Singivera (antibiotic, immunostimulant, antiemetic, 

ZINGIBERACEAE analgesic, hypolipidemic) 

26. Tagara Valeriano hardwickii Root: eye drug, skin disease 
VALERIANACEAE (antiovretic, poisoned bites, diuretic) 

Latex : purgative, 

27. Taka Ca/otropis gigantea (poisoned bites, nasal ulcer, laxative, 
ASCLEPIADACEAE rheumatoid arthritis, bronchial asthma, diabetes 

mellitus, nervous disorders laxative) 

28. Talisa Abies webbiana No pai1 identification: eye drug 
PINACEAE (cough, colic pain, dyspepsia) 

29. Tilaka Sesa11111111 i11dic11111 Seed : wound abscess, acute constipation 
PEDALIACEAE (wound healing, tonic, nourishing food) 

30. Usira A ndropogon sq uarros us Root: fever, jaundice 
GRAMINEAE (antipyretic, toxicosis, skin disease, debility) 

31. Vibhitaka 
Ter111i11alia belerica Fruit: purgative 
COMBRETACEAE (haemorrhoid, dropsy, boi ls) 

Acorus cala11111s 
Rhizome: gastrointestinal disorder 

32. Vaca ARACEAE 
(carminative, stomachic, expectorant, 
antispasmodic, vennifuge, antiemetic, sedative) 

Kae111pferia galanga 
Rhizome: gastrointestinal disorder 

33. Vacattha (stimulant, cam1inative, stomachic, expectorant, 
ZINGIBERACEAE anti-inflammation) 

E111belia ribes 
Fruit: jaundice, morbidness 

34. Vilanga MYRSINACEAE 
(anthelmintic, taeniafuge, purgative, 
astringent, carminative, tonic) 
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time. The researchers can use these details 
to focus their research on drug development 
from these medicinal plants. Up to now, 
there are many research papers published 
on some plants in Tipitaka. 9 
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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 agonist 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, still 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 treating opioid dependence. 
When taken sublingually, buprenorphine 
is well absorbed with 60-70% of the 
plasma concentration achieved by the 
parenteral route. 3 The drug is widely 
distributed throughout the body with 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 

d . . 2 67 B h" , an conjugation. · · uprenorp me s 
metabolite, norbuprenorphine, has more 
potent respirato?'. 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.9 

Because of its high lipid solubility, 
buprenorphine is also expected to be 

. b . I io active y mtranasa route. 

Pharmacodynamics 

Buprenorphine, generally described 
as a mixed agonist/antagonist opioid, 11 is a 
semi-synthetic opioid derivative of the 
thebaine. 12 It acts as a partial agonist at the 
mu opioid receptor, characterized by a 
reduced intrinsic activity compared to the 
pure agonist. 13

•
19 Buprenorphine also has 

the properties 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. 16 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 
ffi d . d . 21 22 Th' e ect an respiratory epress1on. · 1s 

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. 16·22

•
23 Moreover, slow dissocia­

tion from the opioid receptor of buprenor­
phine provides a long duration of action, 24.25 

which allows dosing schedules to be varied 
from several times daily to several times 
weekly. 

Although buprenorphine 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 sub lingual 
bioavailability is poor,26

•
27 results in only 

buprenorphine effect when the combination 
tablet is taken by the therapeutic (i.e. 
sublingual) route.28 However, ifthe combina­
tion is injected, the naloxone effect 
precipitates opioid withdrawal, thus detering 
intravenous abuse.""' The issue of limiting 
buprenorphine's abuse liability with naloxone 
is complicated by the fact that naloxone 
does have some sublingual bioavailability. 
Thus, the buprenorphine : naloxone ratio 
must be chosen 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 naloxone30 and tablets 
containing 2/0.5 and 8/2 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 opioid drugs such 
as heroin,31 and this helps reduce illicit 
drug use since heroin abuser will no 
longer entertain the positive effects, which 
if not due to methadone 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-

1 . I . 12 11 co og1ca antagomsm. · 

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 

. . d b h. 34.11 Th mamtame on uprenorp me. e 
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.1

'·
41 The symptoms include 

runny nose, watery eyes, hot flashes, 
lethargy, nausea, diarrhea, restlessness, and 
irritability. 16·41 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 illicit opiate use (commonly 
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,42 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.43

'
44 

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- . 
dence45

, 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 I 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 studies4648

, 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 groups49

, 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 
study50

, 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 resu Its were 
further confirmed by a study with similar 
flexible dosage protocol. 51 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 study52 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 
ofretention in treatment at 12 weeks. 

In contrast, better maintenance rates 
for methadone were demonstrated by other 
studies.53

•
54 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 study55

, 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 cunently 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.22 The safety of bupre­
norphine may be even greater in opioid­
tolerant individuals, as supported 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. 56 

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 alone57

, 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 200 I 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.57

-6
1 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.62 

Some considerations before getting 
start on buprenorphine 

Because buprenorphine is a partial 
mu opioid agonist and consequently has 
low intrinsic activity compared with full 
mu agonist, it can precipitate with-
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drawal in op,ioid-dependent animals and 
humans.34

-
37

• 
3-•s 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 

l. The time since last 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 of2 hours since last opioid 
use66

, 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).29

•
67

•
68 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.69

•
7° For 

higher doses of methadone, the initiation 
of buprenorphine can be delayed for more 
than 24 hours after the last ingestion of 
methadone. 71 

3. The degree of opioid dependence. 
The buprenorphine-induced precipitated 
withdrawal could occur if the degree of 
opioid 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 ofbuprenorphine is initiated.72 

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 snblingual 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.73 

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.38·'0·41 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,'""·75 less-than-daily 
dosing with buprenorphine has been 
suggested.'"38

•
76

·
80 Less-than-daily dosing 

would likely improve buprenorphine'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, decreased abused potential 
and a low level of physical dependence. 
Buprenorphine also 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 opioid dependence. 
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Koi : Medicinal plant for oral hygiene 
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Abstract 

Study of natural products for disease prevention and health promotion is popular in the 
past decade, including oral hygiene. Koi (Streb/us 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 a/bicans 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 returned 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. 
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' ' ~ 
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111' t \'Ju c.Ja\lli\'ru'11111J1al'mi11,u1n~ii'li'm;1•m,'i1'1m 
I'll a \ii{~ \J :Jl \J tto •11'1ai1'11 a \ll {flail fl au u <1'4 \J 

t \'JmuLt uu'IJ11,rn11il'm1lJ{\11naY1<11'111'i'li1 rn> . . 
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'll a,1\J~' t U\J rn 1111 at ii a1nuu1• 51'1ilm W'li 11, 

li flan u fl\Jl al'uli11' Ul fl ir, ~\J \J 11 fl\11 nil' i]', WU 
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tt o "tl >• 51'! ilm w ~1'1mn1'1 m !'I'll fl' m >ail \llli fl!'! 
\ii fl~'IJlllW'lifl,Ul fl 

lifla (Streb/us asper Lour) (JU~ 1) 

tU\J~'li<llJ\J 1W11u\ll1"fio Moraceae mi wilt il\ll . . 
fl\)1ullm&iu ;ij\J\llfl\Jliil mtmilu waiJmfttodYJ!'J 
..,,,J ... ' 11' 1·' ' lJ'lim 'l!'Jfltt\llfl\lll,fl\J u t'li\J Bar-lnka, Bernikka, 

Koi, Rudi Schwri, Serut, Shakhotaka ~fl~'WLi1iFl~ 
'If.,, .,, ' , ~ 
J\lnnm'liu 'llfl!'I <llJWfl (mu), <l•IJl!'I (t'llm),trn• 
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'llmt~ll01llll'IW\Jf.J Streptococcus mutans (S. • 
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1awr11"fri1trn•l'lru" (2538) 1iilt1'.iu11i 

m1<1nV1 tto•Anm f.Jo'llo'm~an\ll'lln 1 uiiau1 u 

5 o 'i6 t flBl\J a a vi m~fl\lli\J1'1~6~ri fl hl'l1<101u'liil\ll • 
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11Y1wur.i hl'lm't~u fllm>tto•m't~umuh 
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~ . "' .. ..! ., ., 
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(buccal epithelium) (JU~ 4)
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LdflmTill'il pH, ri1m11JLU1JUWLWfl"l (buffer) 

LLa•mlJl(JJ'l11J'11fl1L~flilii1J'YJ'fo1uiiB1Uln LLmiir.Ja 

1Lllum1ciflm1J1ru'1lfl1L~B s. mutans 11ill'l1111Jl'lU 
. "' .!' ~ ' a\ilu'llJlruL'lffl S. mutans illm•Yl'U!ill;j11J (baseline) 

1u 30 ii-:! 60 mi'iLL'lnMli'1m1u1utl1r.JalJlll'lan\il 

illn1'UiiBmm•nli''ll~ri1J11umulu 3 ii"1llJ1 m'l 

io1nmd1hii'1i1 Y111JJii1 L w1" Lrn•u'l•ill'llim W'11 fl1 

al'l<ln\il111nl'lliiBl'Jcim~B S. mutans 

!ii ru nJ''j~ l'J n ~ lJ L&i 1'11n1J 1 vi'11Ulfl f.J a fll 'l . . 
ioin1"1m11il'nianLllilln 1 'UllBuciflm'lilma'U'11B1 

L M1 Bn LLarn1'lL1iYIYl'll'U'lii1J'Yl'il'J1 u Bl mall' !il'l 

ii1mu 30 YIU 1Lllu111fl1aiall'mu1utl1r.Ja1Jai1 

anLlll'UiJflUlUa• 2 !il~11a• l 1Jli'i Ll'Jurnn 4 llJ 
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mmru'liiu'Yl'is Lmurni'iu'Un'Ufll'lU11J\ii'1utl1mtu 
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LL U a1 B ci11 jjJl' u a1\iicym1 aii &i'IJ fl1U~IJllliL il°fl 
Mu tans streptococci LLa•'!iiUl'l'il'l1film1lJ (total 

bacteria) lutl1aiu LLmiim1a\ila1'11fl1mlJ1ruLil°B 

M.streptococci luY1'll'll'liiuY1'i611a1u1uu1nvi1u 

1111anY1illn 1 mJ fll'I Ld BL u'iu'U L i'iu'Un'Ufll'lU11J 

Ulflvl11'Jtl1n~ULLll'i1Y11llJLLY1nci11 II• l!iiiiJu 
,s ~ •• d "' 1·'1"' .I "• ol!ill1J'Y111aU!il '1J1Lu1J u Yl11u'l•o'Yl5il1W'11B1 

1111an\ilill n 1 mJ Bl'! 1 um1aY1m1ilma'Ullfl~ L M1fl n 

dB1ilLnLllil1nr.Jalfilu!i111'11fl1a11anLlll'llliflulu 
.,,J; ... ""1 .!' . fll'lfl'UU1fll'lLil'll1JL!il'U !il'11fl1L'lffl M.streptococc1 

·1•.!'1, • ) d ~I 'YJl 'YIL'lffl lJ<l'll~ill'lfl~LLYllJ (glucan '1Hlu1J 
.~~d1 4.foQ<od 
u'lill'l'YIU~ 1Jnl'l\il1L'lffl'!a1J!'l'll'l'lf1JYlil1J 1 lJlLm• 

ntjlJ ( coaggregate) nm1'JUYJ'll'U'!ii1J'YJ°\is Vi1111 

L fi YI nl'l LU~ l'JIJ LL U a11 U a11JU'l•n fl'Ull B~Yl'll'U'!a 
... .. .,. ,t'l1 "" ' .r d v ,J_ 1 • 1J'Yl'lULLa•lJYl111JLu1JW1'1!ilm1JflLUfl1JBl'JITT <Nf.Ja 'YI 

lfllillWL 11~fln&ini1Ldm mum i'iu'Un'llm'lu1uu1n 
' 
vi1utl1mtu M~fl m•Ln\ililln fl1 li'u1•n fl'U 1 um~ 
an Lll 1 'llli flu~iiYI ruaiJu&iaLll m18ma'U 1Ylu~n 

' 
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l'IOJ0 ll1w"llll'll1 Ii ll1tljju&inT; 1rn mnnd m1<1llu 

m IJ 1'111 !J:f ll n 'II ll1 lll "1<Ill'l'l1 w a1U11J tl1 n Cii'1 B 

m1<1n01•1nlu~m1vmi1 ll1<11<1ll'l'l1 24;30 l'l1J 

( 80%) 1il' ii'm~oi1:fllntl1n<1"lllOJLL3Ji1•d:i.i1Cii' 

LL tl11wu u lln•1nd lll<ll<lll'l'l11'luwd1~1 LiiOJLLNo 

fll1J 1u (aphthous ulcer) 1rni1'1l'IOJ<llJU 1il'ii'll!Jo • 
i1:fan 1Cii'i1m1u1utl1nCii'1flm1<1n01•1n 1 u~ llfl 

vh 1il'1llfl hrm1m~1ni1~Ll'lm U1J 1 ul'l~10ll1J 1 

u•~uui'fo hiih1a11'1JLfimnum1tl1"nllu 

'llll1~llfl~iit11"1ll'lllmwvi111 ~111fl11uii'11Cii'u 
iiLWfl111U111Jnl1\ll11•WU 1no ll'l'lllfl (glycoside) 

""' .J.,, .t ., "' .. ., 
wmfl'll1JOJl'l1Jql'lun1"1llum1w 01m'll ll1 L !Joo nm lJ 
.l' 1 ~ ' 19 • 1 • L1Jll um1<1n01•1n11n'llllB l'lW"~11fl1l'IJLll1 01 

l'IOJo ll1 Lmmbu<1n01'll ll11 u1illflCii'1fl m11J'i1ivi111 

wui1m1Lmn ri1m'h 1 il'ql'l~LLo"tl1"lll'lllmw'll ll1 

m1<1n011 u~llflo0101 ~1tl'um11il'~lla 1 uJtlm1<1n01 

11 mm"tl 'lu ti 1' n ~ 'IJLm•lil !l'L w m"nrn <iil fl lJ'll ll1 

~'1lii51 L U'IJLL ml'll1~1 Ii No~ ni1 m1Llfl mhu <1n01 

~llBiil'lW<l!JU&i l'ilWl"~1~~ni1mm 1 Wl • • 
~u~nfl11ui1iiNovill•aul'l'ifl"1uiill1tl1n mh1ifo • 

1 .~ 1 • •• m1J11mL<1011r.Jo 01m uwll1l'I01<1ll1Lmrn111'l<1'1Jn 
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Dzink Lta" Socransky (1985) 11m1ui1m1an01 

v1n Sanguinarine canadensis ffllJl'lf:liruO~nl'l 
L•'lty!Jll1~aul'l'ia"1 uiill1tl1 nwmflllil0120 LL vi L~ll 
th 1tll'101allul'll1l'lailn1 uJtl'll ll1mllwunau 1:i.i 

wuNm1ll1m1an01~1n<i11villm1<101m1i'i'nwu 

'llll1rn1llrnm•A11u•aul'l'ifl" 1
•
22 llci11 hilon1J • 

L~ll 1 il'm1an01~1 mh1~11Jnuit11 uJtlmllw1mo" 

J1mu1utl1m\'Jun<11 6 L~ll'IJ wui1m1J11a<101m1 

i'i'n L<IU'll ll1 L w1 ll n Lrn"m1u~aul'l'ifl1Cii'llci11ii11' fl 
ihl'lty"·2

• ~1tl'umniinww°"m1il'mwn01•1n 
1 u~ llfl l U'IJ ll1fltl1"nllu1uNa01.tl ru'lf iill1tl1 n 

wmnw olBJtl LL urnLo" 1il'~11Jn'IJ '"ii1ma'l1J 

ti 1dll'lllm W'll ll1 lll1ilrlL'l~ llfl 1 um11(JLL'1 Lrn"1l ll1 

nuhl'lwumrn"m1llni'i'rnau1Cii' (om11~ 1) 1u • 
11ru"dl'lru"f.Ji~fl 1Cii'~11Jilllnul'lufli~mrn"w°"m • • 
Na01.tlru'li'a'llmw•1nal.lu1w1 l.lm'i!'lmafl'llll'IJLLtiu . . 
1um1W \rn'IJl r.J a 01.tl ru'lf iill1 tl1n~ilm1 an01•1 n 
1 ' !'I '.I 1 . I ' ~ .J U'llllmu'IJll11'lu1rnllU 'IJJuLLUU0\111 mLWll 

m1'lmrnrn"i'lll1nu LLo" 1ullmmii'i'u1nli'""ii 

Na 01.tl ru'lf •1na11an011 u~ llfl 1u0111() LLa'i'mn 
~ -~ .J ~ ' .I .J~ rn1 ll nLL<I "" 1J L w ll q!J ll'IJl !Jfl'llll1 ulnl'IL'l'llll1 

tl1"1Jl'll'IJA'IJ 1l'lfl 1umw111J 

1U~ 1 1u L'lllnLLa"N<i lillB (Streblus asper) • 
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i;n~1~~ 1 tfo.nrum1l-lL'lil-l'liulla,a11an'il 1 u~as~LL1.'l'il,ql'IBvmihmw1 um~!'l'ilaa,mTJa,tl~umm~ 

LLa" 1ua1ma:il'm 

fl11!'lli1'18U!'ll~lliNUijum1n~ (in vitro) 
• "' "' .?:- .,. & 
!'11'11ffll1flSUMfl1Wil~[\jllfl,L'lifl Streptococcus mutans 
.... .?; "' .r 
SUS·'lfllW\11[\jllfl,L'lifl Streptococcus group A, B 
• Ji 

'YlllaltJLtrEl Streptococcus group A, B 

v'hmm~a Candida albicans 

't'hmmmdiu5,m~L\l°l[\jllfl'L~mia lilltl'lYiuvl Porphyromonas 

gingivalis LLa~ Actinobacillus actinomycetemcomitans 

l'i1mmLa"iiu5,m1L\l°lf:\Jllfl'L~a 1u1w~'11m~u 1vi' 
"' ~ "" "' .,. d ., ., 
SUS,flliS'ilLfll"llfl' Candida albicans flUL'li'1'1WBUlJ1·1lLfll.J 

' 
iiu5,m1u'ilLfll"l!a' Candida aibicans nu ·l'ali)vflii'l'i1jjl'WW'Wtlaal.l 

'liU'ilBll°l~n 

n1~n'ilaaulumi11ilil'll1 (in vivo) 

nwu1utl1nvi'1si11~1.'ln'il\llfl 1 u~as 1 mVi olltl'lmru 

Streptococcus mutans 1mhms1vi'mu 1-2 i11m 

m1u1utl1nvi'1sm1anll\l1n 1u~asm'il~anu 4 1umm~na'il 

m1ami.'1Ul!B,L!'l~Bfl 

(mg/ml) 

1.93 

5 

18-50 

;::: 250 

3.91-31.25 

100-200 

;::: 15.6 

> 31.2 

80 

80 

(10) 

(10) 

(10) 

(13) 

(11) 

(12) 

(13) 

(14) 

(18) 

(25) 
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'IJ'l'l <l'HJ 
' 
ai~m'iviv1n1 uliBsiiflrufllJU~~Viavu1iKi1 . . 

aim~uaviilv~m~ITT(;ja hfJVJ'U~ W'llJa-n1a'lfmw 

m1amta•VJu 1visi'.iql'IBauii'1t:a.1l'l'iil'Yi1a~m;a 
ria hflVJumtad ~mflYi'u~mh11ht w1• flrufllJU~ . . 
l mhil'aim~mlflVl1~o 1 lll \1u 1iKt~Bl'IVl5 BU nu 

"' .J' "' ' "' ... 4,.,, ~ illtllfllJm uanv1nuai~anvi'lfass1lJqmmua1 
<=! "' .r ' .. d ... 

fl1~SV!'JU'lfil1l!JB C.albicans vim'lfootsill!'lf11 

ttti'mrnd'alilm'li''Yi1:J1uVJmla illJlfilvi afl'ian Jl1 

ii'ul'l1 niim~l1 wm11'li'ai~anviv1fl1 uli am u u a1 '1 
u ~·fl au 1 u ~a vii\' ru'tflia1Ulfll'I01fll'I01 SJU ll uu 

tta• 1'1i'~1lJn'U .. !l1ma'ilJu~"1ll'lilmw'lfil1ai~ 

an viii a a 1 u fll ~ Vl llo llo dl il1ti''U1 ~fl VJ 'U mta" . . 
m1anB'mau ·nlJ~1hfl~\llt;a~11uiiB1u1n1iK 

I. Mukherjee K, Roy L. Chemical examination 
of Streb/us asper leaves. Int J Crude Drug 
Res 1983;21:189-90. 

2. Wasuwat S. A list a/Thai medical plants. 
ASRCT Research project nubmer I, 1967. 

3. Kapoor S, Kapoor L. Medicinal plant 
wealth of the Karimnaga district of 
Andhra Pradesh. Bull Med Ethnobot Res 
1980;1:20-44. 

4. VJ115lJIJ1w~. 11'UfflTI'JlloiilflTI•M'li'illJo~BS. 

5. 

6. 

7. 

8. 

. . 
2528. 

Das MK, Beuria MK. Anti-malarial property 
of an extract of the plant Streb/us asper in 
murine malaria. Trans R Soc Trap Med 
Hyg 1991 ;85(1 ):40-1. 
Hashim MS, Devi KS. Insecticidal action 
of the polyphenolic rich fractions from 
the stem bark of Streb/us asper on 
Dysdercus cingulatus. Fitoterapia 2003;74 
(7-8):670-6. 

~Yi'm11ru nl'lJ'J'UnllJo tta•flru•. rmilmn 

U~•fll'lilmW'lf il11aJ~Bmta• 1iJ11VJu fl'Ul'l1. 

~w11u'i~s 1fl~1m1Bmi7siia1u1m~fl 1mr 

1'U'lf'UUl'J W.0. 2526. 
.. ""'"' " .,, .. ... " milviw111 \ll~~viu tta•l!'lJ'U\llS 1'11\J~ru 

n1~l'lviaBuu1•1ll'liln1wa1uanvilfil1~as 

(;jm;ilat\ll~w 1vifl anrl'a i11ttl'luatm•mvi~w 1\ll 

9. 

Sopit Wongkham 

flBflrlfl 'lf11an'isa. 1.YJ'U\ll 2530; 37(3): 

119-24. 

Wongkham S, Laupattarakasaem P, 
Pienthaweechai K, et al. Antimicrobial 
activity of Streb/us asper leaf extract. 
Phytother Res 2001;15(2):119-21. 

10. Wongkham S, Pienthaweechai K, 
Laupattarakasaem P, et al. Bacterocodal 
activity of Streb/us asper. Proceeding of 
the Second Thai-French Symposium on 
Plant Molecular Biology, 1996: 362-74; 
October 6-1 O; Bordeaus: France, 1996. 

11. Taweechaisupapong S, Singhara S, Choopan 
T. Antimicrobial effect of Streb/us asper 
leaf extract on selected anaerobic bacteria. J 
Dent Assoc Thai2002;52:227-34. 

12. Taweechaisupapong S, Leela-aphiradee 
N, Laoprom P, et al. Effect of Koi 
(Streb/u asper) on root canal bacteria. 
Khan Kaen Den J2000;3:41-7. 

13. Taweechaisupapong S, Choopan T, 
Singhara S, et al. In vitro inhibitory effect 
of Streb/us asper leaf-extract on adhesion 
of Candida a/bicans to human buccal 
epithelial cells. J Ethnopharmacol 2005;96 
(1-2):221-6. 

14. 
.,, ... .,, .. ftl " .:, ,,,( 

~1lJo l'l1'1fSl'JnW1ll, u1mn~ru flo'Uql'IB, 

1aVi.i 11rf1-h, ~mmrn ll1m1 11s11um1 

'i~s t~il1 ~a'lf a1m~anviv1n 1 u~as(;jam1 . . ... "" "' .,, ...... lfl1•lfB1llfB'l1llfl'UVlVl1 BoUllfl'U U'UW'Um 

afl'liln. l'l'UBV!l'l'U'Ufll~Ws lJVll'il'lmas 
' ' ' 

'lfBmtn'U 254 7. 
15. Limsong J, Benjavongkulchai E, 

Kuvatanasuchati J. Inhibitory effect of 
some herbal extracts on adherence of 
Streptococcus mutans. J Ethnopharmaco/ 
2004;92(2-3):281-9. 

16. ami'is~~ m~m1w'lul'l'i', ~'l'm1 ~u•mmria. 

N o'lf il1 milW'U ~fllJfll~fln \ll'Jl fl 1 U~ asm il 

m1auii'1 fll~l 'J'lqj'lf 81l;ilfll\ll~W1~flilflr'iflm 
tmua 1mhmR Tim1u'i~m•Jlum'lJ'lJ1\ll'i 
mfl'ilnih'il'l1fl'limrnn, flru.-Yi'u~ttwrn.i1a\llf 

lJvn'il'lmaa~amtriu w.0. 2534, 

17. Sowiseth C, Thanasarnthavee W, 
Phantumvanit P. Effectiveness of extract 
from Koi (Streb/us asper Lour) to 
Streptococcus mutans in vivo. Proceeding of 
the 7th Scientific Meeting of Asia Pacific 
Dental Student Association Congress; 
1991; April 7-15; Bangkok, 1991. 



Thai J Pharmacol; Vol 25: No 3, Sep-Dec 2003. 

18. Taweechaisupapong S, Wongkham S, 
Chareonsuk S, et al. Selective activity of 
Streb/us asper on Mutans streptococci. J 
Ethnopharmacol 2000;70(1 ):73-9. 

19. Gaitonade B, Vaz A, Patel J. Chemical 
and pharmacological study of root bark 
of Streb/us asper. Indian U Med Sci 
1964;18:191-. 

20. Dzink JL, Socransky SS. Comparative in 
vitro activity of sanguinarine against ora1 
microbial isolates. Antimicrob Agents 
Chemother 1985;27(4):663-5. 

21. Lobene RR, Soparkar PM, Newman MB. 
The effects of a sanguinaria dentrifice on 
plaque and gingivitis. Compend Conlin 
Educ Dent 1986;Suppl 7:S185-8. 

22. Mauriello SM, Bader JD. Six-month 
effects of a sanguinarine dentifrice on 

145 

plaque and gingivitis. J Periodontal 
1988;59(4):238-43. 

23. Harper DS, Mueller LJ, Fine JB, et al. 
Clinical efficacy of a dentifrice and oral 
rinse containing sanguinaria extract and 
zinc chloride during 6 months of use. J 
Periodontol 1990;61(6):352-8. 

24. Kopczyk RA, Abrams H, Brown AT, et 
al. Clinical and microbiological effects of 
a sanguinaria-containing mouthrinse and 
dentifrice with and without fluoride 
during 6 months of use. J Periodontal 
1991;62(10):617-22. 

25. Taweechaisupapong S, Wongkham S, 
Rattanathongkom A, et al. Effect of 
mouthrinse containing Streb/us asper leaf 
extract on gingivitis and plaque formation. 
J Dental Assoc Thailand2002;52:383-91. 



of phannacolorJY 
11·c m 1.1 > co:-; c; in-:ss 

The 15th World Congress of Pharmacology 

(IUPHAR-2006) 

Beijing International Convention Ccenter, China 

July 2-7, 2006 

THEME 

Pharmacology in the 21st Century: a Bridge 
between the Past and the New Molecular Frontiers 

SPONSORS 
International Union of Pharmacology Chinese Pharmacological Society 

CO-SPONSORS 
Ministry of Health of PRC Chinese Academy of Medical Sciences Pakong University Health 
Science Center 

ORGANIZERS 
Chinese Pharmacological Society China Science and Technology Consulting Service Center 



Thai J Pharmaco/; Vo/ 27: No 2-3, May-Dec 2005. 147 

DRUGS 

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 diseases, 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 rnonoamine 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-MP A 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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~ ' 
'IJ'11Al11Ufl 

!"i' ... .J .J ., "' 6 • 1'""'' d ' .J.,. .J ., "' 1 !l Bi <lJ Im i B <llifl t01J1'1l B1 nu !!Bi •lJIJ \)O\Jl IJ1 'IJiO \fl lJ"t i1U11 B1J11fllJ \ll11lJ t01J1'1J B1 OUAlllJ 1 

.iB!lmtlJ\JtWA ~1lJOUflli'lnB1vi'1u'll'i~u 1 1\llmm~iiqrJlllllitiloL\iJBhu (progestational agents) ~\lltU\J1Jl 
~ •• 1 "' d., ""' ' .::d 

to BO B\J\l!UoB1 \J fllii01'111J"t i"\lll!JIJ'IJ\J \ll hormone-dependent i"1J"tt Wini"\111J tta•IJ•t i"1JB'4IJ\ll\j n 
~1vi'fomvi'1umii;h.l\lltta"\ll1l'l1amri B\J tt.it Uitilat\l!B hm~B 1 ii'm1u1nil•ii first-pass hepatic 

metabolism 1i11'1l1!J~B1J 1~i;rn U\l~UIJ1i11'1l'mt\ll'i1JIJ~t UIJ<lliil'"\llil•~'IJB1 tllit\IOt\llB hu t!iu high-dose 
".J,.,~I ""' ,1..,. .fv !"i' 

medroxyprogesterone acetate (HD-MPA) '111\1\lltu\J progestogens fliB progestins 'IJ11Jqflo\llil11J!l"1<1JIJ 

t .I t o'I .Jo • .I t • 1 • ' .J 4 1 • .I 1 • uit\IOL\l!B i\JIJlO tu\J 17-esters fl!Jnl~\ll\llttua1 m1oi11 \J\lllttfl\J1fl 6 'IJB1 ring B \11 flfl11uln \ll 

progestins \Id ll!l'\ll'IJ111qf15'1JB1LBo1\llit\llJ.yjm"vi'u 1'itn\ll cell proliferation fl~Btf1~1J1Ul 1ii'ii gene • 
.J1· 1• ,, t •• .f • '1'" products fl u\lll\Jflli\llBUo\JB1'1JB"'lloa\llBLBo \llit\llJ tta•u-mqflo androgenic """ anabolic \ll11J tt\ll IJIJ 

. . .1.J .I .Jo • ·' 1 •.J• ' 4 .1.J estrogenic act1V1ty 1Jlil•\)ntu'11J\Jttuo1fl\llutta•'IJUBBnm1uool1• !Ji!fi\llUUflWiB1 MPA \11\)ntu'11J\J 

ttlla1a\lla1 'ih 1ii'tn\llflliil•olJ'IJB11l1mnif u .11tl'u1i1i1'11J 1!l' MPA 1mJt11u hfi.lu1utti1 mmi!l'11tfiu1~ 
1"'" .,,, .• .J.. ~ ·1·· WU \ll<IJUB1J1Jntu\JBlflli'IJl"\ll1l1fl\llil11JOU progestins i11Jfl1 psychic depression (LWil•fll fl1"\l!U 

monoamine oxidase tvi!Jifu) tt<l•Bli1Yh1ii'i•.lu HDL o\lla1 mi1!l' MPA ll\Jl\ll\j1 (HD-MPA) 1i1!l'u 

t U\J1Jl~iilli•fffl1imw 11Jfllifo1'!11J•t~1'1JU\ll hormone-dependent !111Jo\l!BlOWWB.i Bi•uu 1ai1\lli110 flli 

1'1l''l1 afom jj myeloprotective effect oz111JiJB1 nu flli tii\l!Jl11•tlJ\ll t~ B\llll11~11 \J~U11lVi'lvi''lut\lliJUlU\ll 
.I • .J o .J ' 1·'.J .l' .f mitfl1Blflliu1\llm"~nBm\JB11Jl\1101J•ti1flttWim"ill1J uflOi•~n (bone metastases) \JB0\110\Jqflo 

anabolic effect u1oz11mfl1J\ll[l!Jl1Wii'i\llttfif1'lJ11J th 1'1i'rJ'tJ1ufo\Ji•fl11JBlflli 1vlmnif u iiJ'1mJ'm fl1Jif u . . . 
._., 1 d "" .,~ .J ... .r QJ 1 "'"' ... . "' 

"""~ u11J i\ll!J• t i11Jm1m" Ofl\llll\Jfla1\11n mum t\lllJUlU\ll . . • 

'"1iri1'"1ty : high-dose medroxyprogesterone acetate, hormone-dependent cancer, anabolic effect 
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A113J! tl'll !n'ZliM a1i'mfl !J ~ L ~~ l, 2 

~ " .J • .I ~I Ul'lOlfl!J"L 'l1'1'1 ~nfl\.1'11U u'j"!JlW u fl. 11. 
~ d.J • 

1950-1970 o1\.ll.J10\l"aanq'l'15'1'1 DNA mum> 

L~!J!ii'u 11imawii1111'ilm>Lu~u1.1LL ll<Ha11.1u>"n eiu 

11ei11i1.111'lein1mu DNA \il1eitivm1rna1dL-ii1.1 

paclitaxel Lrn" etoposide ~1i1Li:J1mJ1Un1'l1l1lO 
.f.J . . ' .d .:: ... ~ v 

q'l'15'1'1n'l"U1\.ln1'l prohferatJve LLlilL!J1lL'l11\.ILlil 

• • " ,.J ~ "' "' '. " !Jn1'lfl\.1'11Ul'll'l L 'H!J'l'l\.IUL u\.lfl11!JJ L 'H!Jlill\.l!J"L 'l1 

1• ' .; 
lilLLn interleukin-2 'INfllU'!!J proliferation '!11l1 

tumor-killing T lymphocytes malignant melanoma 
. ... .,, d 1 • ' ua:: renal cell carcinoma LU.'t::an~rl'Vl'U.:J ~Un 

all-trans-retinoic acid ~11il'llii'~rn 1 \.I acute 

promyelocytic leukemia 'l1!J~1m>m1u'1'nllru" 
ihvi'qfl.1&3 tumor antigens U'U melanoma cells 

' • d • 1-'~ L'lf\.I mutated p53 'H'l1l ras proteins '111\l"\.11 u~ 

m>-W'W11.111'fJ:S1.1tlei1i\'1.1 tumor \ilei 1u 

~ 1 "' -~ ~ •• .J n1n nlll 'jfl ""L n L \.IU\l~U\.l\l" L 'lfUl'l'l 

na11!J1 (~1iJ'rn1'J\.ILfliJU1Ulil) ~1!Ji\'Un1'lilltrl1a 
11'lmhmlil 1111um> 1ll'mtflilu1ulil•"lii"11il'11mlil\!1 

~1ll1Li1'LfililVlll 11'l1lfllm'lll'11LfiU1\j1 Ltl\.I nl'lLfilil 

leukopenia ~L\.IU'l~U\.11ll'lL11' granulocyte growth 

( 
' .i ' •• factor support G-CSF) 'l1!JL'l11l'lf1U <'H'l"U"L1o1 

A • ~ 
'lf1l1n1'lLOlil leukopema ll\.lo1 

..:' .. d "" J ' 1· \.I 1l O'llO\.I L 'Ila a !J•L 'l1U11il 1llil 1l nl'l 1m1 

Lflilu1ulil 1lii 1lilmll'l11"1dei 1il'm 11.1111.111i1~111'lei 
•• .J 3 .l' 2 1'. " L'IW1Llilm nl'llil1lUl\.11ll'lLT1lil'llOnl'l !Jll'l11L1l\.I 

1 ,.J • o'I 1 .1.J • I 1 •• d ' 'll!J'11'l1Lu\.I \.ln1'lLui1U\.ILLua1m 'H!Jq'l'15 L'lf\.I 

deoxycytidine kinase a111i'u cytosine arabinoside 

• .J ~1·'· 'H'l1l'l'1'11Um ufl1l overexpression 'lf1l1 drug efflux 

pump llii'ttri P-glycoprotein ~1'11ullii'i\'um>Lll' 
"'"' A~ • U1'1'1Lu\.IITT'l'l105'l'l!J'lfllilo1\.l!J10 'H'l1lnl'lll11i1'111U 

d ~I "" .,1.,. 
ll1l1 p53 'll1Lu\.I suppressor oncogene (U\.l'l'l!J 

m11J~111'11.111.1m>mul'l1Jm>Ltu1ri'111ei11'1laaun~ 
111 hiii1iud L'lli1ll\l"LLU,1ri'11J1mfiuiii'ei1m> Lfilil 

malignant transformation) m>na1u-W'uli'11'lei 
' 

nl'lllllil\11Ull1l~ p53 gene 11'lei overexpression 

tl1l1 bc!-2 gene ('11u1u nodular non-Hodgkin's 

lymphomas) 11'11.1ri'1m>a1ri'cy11.1m>n1111' pro­

granuned cell death (apoptosis) 11f!lilli1~1\.I a1r.ia 
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111'il proliferation 'lf1l1 mutated tumor cells mn~\.I 
nl'lvl\.lflllUllOlll!J•t~11m.J 1 ~1ii1LU\W1~1l1ln 

' £~ • d "". 
q'l'lG'lOlll\1\.111'1 apoptosis \.I L1 

ltlii1 \.l'lf W"L~U1nuilil:i.i"L~1~U1~ 1llU1" 

(ttlu ""L~11iii'11.11J 1J•L~1i'1 lii ""L~~liiei1Jan11mn 
L liuiii'u) ilm11JL~m'llmi\'u1'1111J b\ilei~ei>-11J1.1L '1111 
~"i """""" !'f ... .J.J !II .... !"I 
u'l~U1.1\l1i.rn "" •!J\.l\1'l1lll1>mnm11ei1nu~ "" •!JI.I 

~ti1m 1 il'i'nm1J"t~1rn1 eiti11~wi\'u m>i'm,n 

• A•"' 1 " £. • 1 • li11mtrn\.l 1 li1UE1l~U.J\.l\l•1l1lnq'1'15'1ll lil1l1 "l!L1al 

fom~\illiieii\'umu s-12 '1'u1i11li' ~111"u>•Ljj1.1 

U>"il'l'llill1'111lii'll'lilt'l\.I li'1wui1m'l\il1lUll\.lm~il111' 

\liei1u ""U"L1al~'lfl\'llal\l"L\l~UU'l•!Jlru 6 L~1l\.I 
lN 1 i'.J LL\il1\.IU11'llU1ll\liii1l~1lii11a1ui'.J 

i'I f!it!J'l.!Vl"'l<J '11'>~ L ~ ll1V fl~ l, 2 

~1ll'i\'u eiu1 uil'l\luu m•LL u11lii11'11.1 . ' 
"".... "' " 'i" 1. lll'l'l'l!H]l151i11\.IL1llltlil'lL'l'I! (anti-

estrogen agents) llii'LLO tamoxifen Lla" clomiphene 

1.1 Tamoxifen ~lilLU\.lt11Li'ieinei'1.1ri'utL'ln 

1 ~ "' ,,~ "'"' \.lnl'l'l0lll!J"L'l1Llill\.l!J o1\1'lU'llU'l'1Lu\.I estrogen 

receptor (ER) positive ~1m>111'Lll'i!Ji\'Um>i'nlll 
··"' • ·~ 1 ' 151l\.ILLo" LlJ'ln'lfl \.l'l"U"LL '11'ln'l"'l1U (metastatic 

disease) L'l1'l1" tamoxifen 111'i;rnm'lln'lfl!J"L~1 

L!ii'11.1!JL11 iJ eiu nl'l 111' L 1l ll Llil'l L 'l\.l LLil"LL1l\.l Llil'lL'l\.I 

1t\ililei1m>'ll111i'iu1ueiuni1 1.1ein•1ndi'N1ll'tlei1i\'1.1 

m>n'1'rn llulin 1 \.llllilTIU'l1"1 LLliimilmm>li'mfiu1 
d ' ..ii ,,., d1· • 
'1'1'11UUflU fl1l 'H\.ll'l1l\.l~U11U flo\.I ll 1l1L'lU\.I 

ll>"'111iiiei1.1il1i1un~ Li'iei\ilei ein11'iei ri'u~tiei~ l'laulil 
d .... .d... .... fl ., ... .... ... 
N\.lfl\.l'l'lr.1111\.1~ Lu\.l\il\.I '11W•Llilmn\.IU11ll'l!J1llnl'l 

• • • ' • £~, ' 
'If~ Lfl!J1fl olU L1lll Llil'lL \l\.l l '11'll"!Jq'l'1GL u \.IL1lll Lm l 'l\.I 

~lEJ L?fu thromboembolic events, retinal deposits, 
. ., ... .t: .... 

decreased visual acuity LLa:::ti\tlO'lt:'"iln an't'l~t:.Fl 
... !S ...i,.., .... "°' ... .,: ..I 
!JNat'1U'l'1'1lflC\J fl1l 1ll'lLnlil!J"L'l~LU1l'4!Jlil~O 

(endometrial cancer) nl'llnmlii'1amd~1iii'ei1 
fl 1lUff1 LOlilflll!J r:J1i1un~ri'1nci11LLo"'ll!J11\.l111' 

"' .t: ., .... fl 
LL '11'1'1U'l'1'llU 'll!Jmlil 1l1!Jnl'llil'll'lL u\.l~"U" 

ati1~ hXlill!J estrogenic effect '111l~ 

tamoxifen iTuil'llei~~fl lha11"aeim>Lfililm"liln'l1'l\.I . ' 
1Ullii1TIU'l'11l1 i11il total serum cholesterol, LDL 
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cholesterol, Lla:-:: 

lipoprotein 

tfi!JI myocardial infarction 

"'1"'"' «$ ... "" ti\Jl\ll\'l v1om1J"L1~Lmu1J rlll 200 

iJa~o~m1ia1u ~~LU1JV1Jl\ll~~\l1JB1\lLO\ll retinal 

degeneration 1vi' 
1.2 Clomiphene iiql1Bvi'1mai11\ll1L\l1J 

L'lim&iu1nu tamoxifen LLviL~ai1ql'lB<hu1my 
azj~ pituitary mnoi1~L·1rnaLvi'1u1J '5~1ii'ih11fo 
m"4um1\llo 1~mnni1~mfl bvi1J"L1~ 1\llu h1u 

il\ll;ffiiijjm1\lln 111 LLvimiim1a·i'maa1\ll1L\luatj 
d ... J, 

L V11fl0';):-::~1...1nl'l'Vl'fl~'l!B'3 gonadotropin-releasing 

hormone vi'1tTuih11~rnw0mum\l1hm1ii'm"vi'u 
' ,1, d .,: " ... 

n11'11M'lfB1 gonadotropin LWBLWIJn11i1111il~\l 

(spermatogenesis) 1.i'L'lilJtllJ 
.,; .,. "'... 'I 2. "11l11Jql'lll\lll1Jlt<l1J!\ll1l\l1J (anti-

1• ' d fl .J~ 
androgen agents) \llLLn flutamide '1ML u1Jffl1l11J 

ql1Bfii1mrnu 1\ll1 L \llJ ~1ii1'1im&iu1 au .1 11Hmn 

IJ"L11via1J~mrn101\llu 1'11~11JtlU gonadotropin-

.J ' " ~ releasing hormone (GnRH) t/1'lf11Juil'01J flare 

reaction '110 GnRH agonist 01"j1i1' antiandrogen 

agents TIIJtlU GnRH agonist \l"u\llA'mrnu1\llL1L\l1J 
' ,.,:..¥' 1-'~~ .( ilU1,i11J\j1UW,t/1J <\llU\l" u1JUU,ql1lltlil,LLB1J 

t\ll1L\l1J~ff{1,\l1nvia1Ja\ll~ua!il111 ;;bu~ hypo-
, ~ z 

thalamus LLt'I" \llil1J~mrn10 flutamide uum 

translocation ?JB-.3 androgen receptor ~ln cytopla~m 

1uii,il1Lvilim1 L~a1il' flutamide L~m 11uvm\ll 

tlo&J&ia 250 ila~ofo 1ua" 3 vi~" m"tl10 \l"jj 
.ff1 1 " ' ' .J ql15Lu1J antitumor 1JIJ"l11\llil1J~mrn1n L\ll1ll1 

tl1"mru 50% llv1c1'l11uii"jjm11Jvi'a"m1m" • 
Lw0atj LLviii11iiLt1J•tl11'11m11'1i'L~m 1 LUlJ~L~ao 
il'uvi'ULL101um1~mn LW11diimii1 flutamide 

~ .fv t ~ .J \l•IJql1ll\llllJLL<l1J \ll1L \llJL W111WBl1\l•Lill'lf1J•n11 

LU~1!1JLLUt'l"Vil"Dilfl1Ju~1"vi'u tumor cell '11~a1ii 
a1ni1il'11 tii111~w rn ti um" vi~' i"i a Via1 L1lu 
""1".,. "'~ ""~l'"'d "'"" viau i1 BlL\lUlJ \llU\'ll,llJ~\lluO\ll'111\l"oauviu 

·' ~1·"' z .; uO\ll \llLIJil'l11!\llU1 111J\'l,nl1Lffil1Jff1J11Uf11W 
' • • m"LWA m11J\lla,m1m1twAa\ll 1au3m1u 

gynecomastia Lta• mastodynia 1 m"vi'uvi1' 1 

Nisamanee Satyapan 

IJilO\llOifif~jj leuprolide '11~il gonadorelin 
d ~. ... "'"" .:; ... 'IMLulJ GnRH agonist 1Jq\'!51!UU"n11i11l"LLBIJ 

1mL\l1J t\llUL\lWl• testosterone LLt'l"UllJl 1'1i'~mn 

1J•L'l,\ria1J~O'l11J1nL'1i1JtllJ 1\llUill\l1'1i'fJIJtlU anti­

androgen agents 11~a 1iin1vi' rJl1111~1vi'fom1 
fo1'11L'liud\l•:faoi1m11Ju1\llm1Lma" iim11J 

amomm1 tl11<1ll'orvi1J tLadaoiivirumwiil\ll&i . ' 
.J' d ."i "' ... "' • .... ' d 'lflJ '11"U\l'!UIJIJ'1100~11JLLIJIJil1JLL'1111\ll111JJ1Lall1 

LO\ll~lJL l!u ~a\110ql'lBll1mrnu t\ll1 L \l1Jo\llo1 ;s, 
'li111s\llB1\!llil1rJl11111.i' Luri1 neoplastic cells 

ii' him-1\ll 1 tlmh1ff1J\j1uJ a1owiJ1,L&iu,va1m . ~ .,, 
vimuou antiandrogen agent illJ 1 

3. mTiliiql'llli;i'1ultl1t\lffl\lli1L~u (anti­

progestin agents) 1vi'LLri mifepristone ~1WUil 
IJil0\1101'1i'm"41Jnl~\lloil\lllLi.i'1 m 1iflom endome-

" triosis, leiomyomas, meningiomas LU.'i~ ll~l'l'3 

Lvi'1u1J M ~1iim1wllllm auwu51 umi1Jdrvi1J~u 
' ' ' 

1<1muvi'1 

4. ffl1~ilql'lllLtbt\lfft\llilhU (proges­

tational agents) ~\llL UIJmL~aoil'uvi'uaa" 1um1 
"' ~ .... "' 101'111J•L11L\lll1JIJ 'lflJ\ll hormone-dependent 

' """ .,,_ 1•U•LL w1m•\ll1! LLa"IJ"L 1, L!JilUIJ\llo0l1L\ll101'11 ' . 
vi'1um1 l'i1iil\llLLa•m111,am ri au t u1L \lat\ll a hu 

L~il 11'i'm1tl10\ldJ first-pass hepatic metabolism 

'51h1iiviau1vi'~a via" 1'11u\llL'1i'1mi'11J1\llu~a1Jnu 

tl1:iJu U\l'!uu~11'1i'mL\ll1111J~L l!um1a1 Lm1•,.f 

llil11 U1L\lffl\llil hu 1vi'LLO hydroxyprogesterone 

caproate 11'i'u\llL'1i'1mi'i1Jll1J1\ll 1,000 ila~nfo 

au\ll1,.;'a•vi~,1<11amooi1 medroxyprogesterone 

acetate 11'i'u\llLmOii'llJ'111Jl\ll 400-1,000 iJaaofo 

atJm,.;'a•vi~1 1<11v'lfU\llLiJ\ll 1fiitLn megestrol 

acetate 1'11m,tl1ol!m~1ua• 40-320 ilaao~IJ 

tVtEJU U-31 l1' ua~ medroxyprogesterone acetate 

11'i'm,tJ1ovm\ll-lua• 100-1,000 ilaao~IJ 

t\llmnh 111' L'lim~mnu uao\l1odii,wui1 h1vi'~a 
1 u1J•L11via1J~o11mmLa•1\ll!il111 m L mhif jj 

.... ... ' ' .... 

a1m1l!1" Lviu"ui" am' LL\ll nm,\11 n mm~'lfl" 

Liiu"l! "" t u1L \lffl\ll a huu111Jt11&1 ~" 1u~dvilori11 
ii1 medroxyprogesterone acetate 1\llUa•LflU\llvia 1 tl 
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Medroxyprogesterone Acetate (MP A)2- 6 

Medroxyprogesterone acetate 'Vl~ti1'U~fl 
.; 1. ' Bl.I "l VlLLn acetoxymethylprogesterone, methyl-

4 ... ..: ""' acetoxyprogesterone aJ'lftl'Yll"lLYll.111 6-alpha-

d "' methyl-I 7 -alpha-hydroxyprogesterone 'IMlulJ 

ai1il1LVlll"'lllilfl1u1LiJOL\llfl h1Jli111J'lll&i ~(l) L llu 

progestogens 'll'ifl progestins ii\Jm1m,'11'1Hm 
"" "' a Id LVJIJVl,iul'I 1 • 

?"' co 

0 

~u~ 1 1m,afi,l'll,LV1ii1rn' medroxyproesterone 

acetate 

progestins LLti,1~ 2 fl~IJ1my i-ia fl~IJ~ 
ii1m,a{1,u1•nau~1u 21 m{uaua•(l)fl!JL'liu 
~ v 1·' t d d .( • "' LVIEl1flU uiLiJOL(l)fl 11J 'IM!Jql'lli'1alfl1181LIJIJ 

1 U1Lil<IL\llfl humn l~LLri megestrol acetate, 
· fr ~ d fl chlonnadmone acetate LLa• MPA Lu!J(l)IJ 'IMlulJ 

17-esters ~iin11~V1LLu~1m,afi,1uli11LLml'~ 6 

'Ila' ring B ~1ii'~u1nM LLam~1J~iirhLilvi•1n 
d d ,, • "' 1·' 19-nortestosterone 'll'!Jql'lliVlalfl!HliLIJIJ uiL"'f 

LVlflhW\J'LLa•1l''ii androgenic activity ~'iimllu 
fllflWiil' Li'if11'1Jfl'Ell 1 u fl a!Jd 

' 

Al-YmLJlii''llilalJAl'1(l){ (phannacokinetic 

parameters) 'IJB' MPA 1viuu1•1J1ru ml'"nn1ii'm 

11~1 L&iE11'11"ifl'llalEl'1~' ii11111JLL\llflm11i\'u Iii' '111.l 
' 

11J(l)l11'~ 1 

(l)l111'11 1 Mean (SD) Pharmacokinetic Parameters for Medroxyprogesterone Acetate (MPA) 

Tablet c T Aue f': . 1 t Vd/f CL!f 
Strength (ng1iTIL) (h)"' (ng.h/ffi ':}n11v (Ii)' (L) (mL!min) 

Single Dose 

2 x 10 mg 1.01 (0.599) 2.65(1.41) 6.95(3.39) 12.1 (3.49) 78,024 64,110 

(47,220) ( 42,662) 

8 x 2.5 mg 0.805 (0.413) 2.22 (1.39) 5.62 (2. 79) 11.6 (2.81) 62,748 74,123 

(40,146) (35,126) 

Multiple Dose 

10 mg* 0. 71 (0.35) 2.83 (1.83) 6.01 (3.16) 16.6 (15.0) 40,564 41,963 

*Following Day 7 dose 

nn"1"1ffU : MPA fifl(l)(l)iJ1Jaci1,11viL~1 • • • 
illfll'll1L&iu<11m1 1iim11JL'li1J'liua,avimu 1u 2-

• ' 
4 ~111J1'11a1fou1•1'111Jfll Lrla1ii' MPA i11JtlU 

fll'llliil•ii bioavailability Lvi!J~IJ 1viuwui1Lrla 

1ii'mriauM'iaMa1<11m1i1uVi '"iiA1 c LLa• 
m" 

' . 
AUC Lrl1J!iu 50-70% Lta• 18-33% vi11Ja11ii'u 

LLa•A111~1il'i\ll liJLu~umLua1 

(38,256) (38,402) 

nnm:;•wrii'J : MPA ~ui\'u1u1&iu1u 

Lliaviu1•mru 90% Tviu~ui\'uil'a\Jil1JL1'iuihu 1my 

LtadiJ~unu sex-hormone binding globulin 

m'it!lNf.luu1.liN : Lrla1ii MPA 1'111Ulfl 
.1<l .I d v 1 Ellil "~ OL u a El 1J LL u a1 l'I (l)U (l) El fl1•U11J flli 

hydroxylation Vli,iillLL'llU1'1Jfl1 ring A Lta•l'll"ifl 
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side chain rimJ Llll!Jvl1!Jm•rn1m11 conjugation 
~ -~ d 1· ~ tto"7JUililO'ITNui'lITT1• 'lf1WU metabolite Lll 16 lllJLll 

nl'.iVIJ011l: metabolite ;;buh1aj'lrn1 MPA 

ll'uaaovn1i'li'li'll1• 1u~tl glucuronide conjugation 

tm•jja1utl'aall'uaao 1 u~tl sulfates 1u~i'ha~jj 
fatty liver ,,jjfi1t\l~!ll!B1m~~oll'uaao1u 24 

~1l1J11\'Ju 7.3 tta• 6.4% llil1ll1Jllllm~111' fia 

10 !JO. tto• 100 !JO. LllllJ~lvlU 

Progestins jjl')Uli'l!JU~a•m!J Lu 1lll1'1J 

~1m .. 1ml1'1~unu progesterone receptor 1u 
tl!aa.i1111vi'ath~ai'l1• ~1 progesterone receptor 

.. wu M~1•uuauwu61w11mi1' tvi'1u1J tta• 1u 
' v 

1•uutl1•i'lllla1uom1 ( 111Jii'1u~nru hypotha-

lamus) tm• pituitary tt.ill'o""jj'/Ja~1nlilL1Jn11 
•• dd '' d 

m""1mm~tumaamom1tai'lw11t\l1J'HlB steroid 
d 

hormone au 1 

Progestins \ldtlll'lilm~qll~llil1tili'l llll1t\l1J 

~m•~u111'tiilil cell proliferation llil!Jill\ltfimia1 
num1!111i1' estrogen receptor olilo1 tvi1Jm1 

t tl~amttla1rni'lllll1t\l1Jl\lW1•~!111111vi' metabolite 
de< ,,f T 4 d O "J .V.c< lllJqllBilillJo1 111m11umm1111J gene products 

d1tl' ,, ' ,, Lll11Jf111Lll11Ui'l1Ja~l!aw11aalllmai'l1Lll1t\l1J 

1mllll'i~jjrni'l1Lll1t\l1Jl!'ia1wa 1ila111' MPA 

m1tllo11'iam1illil L1Jll1Jllil~tm•li1 ""1tlt tl~au 
proliferative endometrium 1li'Lllu secretory 

• .... ... ,.f • 
endometrmm trn•!J~IJqllB androgemc tta• 
anabolic vl1!J tt.ihijj estrogenic activity Lila111' 
... .... JJ ., d .,. 
\llil MPA ""aumm1m11 gonadotropin 'IMm.rn 

ila1nu follicular maturation tLa•nl1LllO 1~ tt.i 

1, ~' &,,.,- ~ti 
1Jwu~alil1oa1111Ja 1111\ilam11u 1•mu 

Carcinogenesis, Mutagenesis, 
Impairment of Fertility. 

m11i1' MPA illllt'IY1na11J1\'Junmmu vmi1 

!11li1'tiillltda1ao~tvll1JIJ1u beagle dogs ttllit1'1 hHi 
m\'n~1ui1m1iiu MPA \l•i111 i1'tiilll carcinogenic 

Nisamanee Satyapan 

effect tta• 1il11Vi1m1'1Llli'lBU genetic toxicity 1u 
in vitro "H1B in vivo li1Wui1tlh.1 rnutagenic 

MPA 11Jl!1Jlll1~1 (HD-MPA) \l.i:i~a1,,\' 

t \'Ju11ll'u ( antifertility) 

.:t ""' d ~I 1. IJ•t11ll1Jlilllbu1J hormone dependent 
' ,:t ., ,::; ' ,::; ""1' mu 1J•rntllll1J1J 1J•t11Ll1a1J~o111J10 tta•1J•t1111 ll 

2. 1l'im1run1wli'illl 111'nufl'tl1a1J•t~1ffi.rru 
' v 

mjj!l1u\il !111 i1'fotl1•vnum11111 vi!J~u J1ml'ov11 

tta"1llll'mvi1J i'lmwfi1mmm•~lil 1\llla1~u1a~~u 
3. j'.j myeloprotective effect "li1uiJu..:it1u 

0111iililm1"1~ lil 1a 11 \ilm1~11 u ~t11a~1vi'1u tVljj 

!l1ulil 

" d ' 1tld ( ) u:::L'l'll'lLLV.j'lO'l:::,nt1 l'lO'l:::~n bone metastases 

i1'11J 1ll1 u~t11a~tt vl'md 11~a ~ll1a~il 
mm1vn111aa\iltaa\iltta•'l1'11il ( thrombophlebitis, 

thromboembolic disorder) vi'uuow~a1ati1~1u111~ 

m1tt'l'i'1~t~maaiiilil 1um1il (missed abortion) 

0 ~ 

1'11ll1lfflJ 

1urJ'if1vi11n-w1a~ : lijflaaill'Ja.ia renal 
• 

1mtl glucuronide conjugation tllua1u111aj 
v 
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1 .,,. . ti" ti 
u~nfiluunww~ : MPA '"~m al'JtJbb &:i 

a\iia1 Vi111i'bi'ililm1<1"<!l.Jllll11'Jl!Jlnti'u 111~ifu~1 
11'11J 1'li MPA 1 ml'll11'J hfllllmmb 11 bb\ll1 u111'J~\llu . . 
unvda~tl'al'Ju1tl1una1~ a1'lw'l1111.n 1'li'l'Jl1 u 
11u1\il~1n'la 111E11tl'auf1{1a1 hi' 

1"1il'uE111 miia\lla11rn\ila1 rl'11'1i'E11~11Jilu 

l'Jltiljihu"m1\ll1 (niu tetracycline, rifampicin) 

activated charcoal l'J11rnll'JUWlfillil bba" arnino­

glutethimide (u1-i'n'lll:!J"b'l1) ~1'l"1tibvl!J clearance 

llll1 MPA 

~wu Mhhiam'Jn b i'lua1nwJ11b~l'J1~lilti'1u 
nu progestins liriiui breast tenderness galactorrhea 

tiill\llllllnnwda1flall\ll tl1"~1t~aui1liltln~ hiil 
tl1"~1t~llu m!J tl1ml'mtl~l'J1Jbbtia1 tilanu'lrnu 
• tl.J ti • .j' llll1flilll\lll ill'J\Jbb il1 (lll'lllUllU) cholestasis 

~'lhu ~u bbil" psychic depression (bw11"Vi1111' 
• .j' • 

1"\ilu monoamine oxidase bW!JllU) Ulln'l1nil 

lll'lVJl L w1"\ilu HDL a\lla1 

~ilfl11Afl'lfl't11~flilii11 'lurn1 'l'li' HD-MP A 

':i1:1J{11u1 hA:IJ::L~~~l~ 'l 

1. ti fl.A.1986 Bonsignori M bbil"firn"' 

tl1m1Ailmii liri'mm1m1i'inmbbUU multicenter, 

randomised, controlled trial b Ylati1"biiufl11!J 

b i'luwi;\lia1"uu tai'ililv1nm1u1u-i'1a 1 u~ll1a 
d• "'1"'' "ti :IJ"b11b\illU!J IJ"b11ill <IL\1(\J !J"b11 ll\il bbil" 
.:td 0 .J1·· IJ"b11llU 1 'l1U1U 227 111'1 'YI \il1U HD-MPA 

btfll'JUbnl'Junul'Jl1man 1lilmbrnfl'll1mi'lu 2 nalJ . . 
nii1m10~l1J1U 117 111'l1iri'fol'Jl HD-MPA • ·u ~ QQ.. ~ 
1U 1•'Yl1Ufl11il" 500 1Jilil011J 1Uil• 2 fl11 

bUuna1 6 t~au na1J~ 2 ~lu1u 110 11aliri'fo • 
mnaan wui1~u~m1w11a1 leukopenia 1u~l11a 

d• "·1"1·-'1·· 1J•t11l\ll1U!Jblil":IJ"l11ill <!L'llqj'YI \il1U MPA 'l" 

~lni1nii1JE1111aimari11i11l'a!l11"i'iy (P < 0.02) 
' 
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• ..l1·· fl 1 .J l\illUIJn \il1U HD-MPA '"luU 50% Ullll!"'Yi 

ntj1Ja111aan'l"ti'lu 28% ~1ttlilnlli11ari11i11l'a 
illAqj (P < 0.02) Ulln'l1nd MPA 1'1'1llibvl!J 

fl1l!Jb~l'J11um1ti'ilil thrombosis i1'11'1'1a1vli1a 

ilu~~nl'ltfiVl tumor-induced thrombophilia ua~ 
" "1 vn'I .J ' ~ d "' ~I mrnlil U\!u11'Jnllll\Jbt11 n1muam1111amuu 

t-iam•1nm111i'tfli11.hu\il trn"l'1'11hu 1ir~t111'Jil 

a1m1~\i'u brn•1"1umm1tl1\ll liri'iri'w 

2. ti r1.A. 1996 <1w\ll11 bb<111~' mfl ' . 
ini'1aina1 flrn•bbWnl'lm<l\ll{ ~'l1111wE11ma 

liri'Vi1m1m1flnmbbUU randomised, non­

comparative !rial bYlmmarnnau myeloprotective 

effect bba•m1Vi111i'tl111'1l'mvl1Jllll1 HD-MPA nu 

1 •.. , "ti d l'Jlnaan Uf.Ju11'J!J•b1~ lfl!Jlililn>•l'l•'YI 2 bbil• . . 
3 ~lmu 21 11a ~1vi'fom1111u-i'1a~1bblli 
!JOllfl!J - BU11fl!J 1994 ( YI.A. 2537) bbU1 

fl'll1mi'lu 2 na!J namb1n~1mu 10 111'1 Mfo . ' ' 
.., "" ... 4' ' .J 

l'J1 HD-MPA 1Uil• 1,000 1Jaan11J fl'llJ'YI 2 

~11J1U 11 111'1 liri'fol'Jlnaan ~ll1avd11i'fol'Jl 2 

5'tllilTH rhiu liri'-i'u-i'1a-i'n-1:11 bba• 111'El11lim da1 

b UUb1ill 4 atl\ill~ 'lUfli1m1-i'mn llill'J 1'1i'-i'1a'l" 

b<l'lvllu wui1 ~U11'JO~IJ HD-MPA '"iltl1111l'n 

~ Qt • 1 .J • "'1·· bWIJ 2.5 fl ilnl:IJ Ullll!•'YIOillJfl1UfllJ'YI \il1Ul'Jl ' . 
""!' "' ...... "' .,f ' 

'llilllfl 'l•IJ!J111Uflil\il 1.4 IJililnllJ ll1bb\ilfl\ll11 

nuari11iJ'll'm'hfl'iy Ullfl'llnifwui1 HD-MPA 

Vi1l11'~ll1ailrh hematocrit bil~mvl1Jti'u 0.8% 
I I .J.,, I .J 

<l1n11flillJfl1UfllJ'YllJfll hematocrit b\1ill'Jil\llil1 . ' ' 
3.0o/• ~1bblilnlli11au11i11l'a!l1ri'iy (P < 0.025) 

bbil• HD-MPA Vi111i'~u11'JiJ platelet tvllJ 3.5 x 

9 1 d • " 10 /L u11rn•'Ylfl~1Jfl1Uf!IJIJ platelet il\ilil1 

82.9 x 10
10

1L ~1bb\llnlli11ari11i11l'a!l11'liy (P < 

0. 0 5) 51ubll\ll ba il\illll1bb\llfllli11 nu ari111i'lil b'lU 

3. ti fl.A. 1997 Neri B bbil"flrn•' mri 

i111ml'J1A1<1\il{ 1J111inmi\'avJa m 1u'lf t11"b nA ilmii 
' 

liri'Vi1m~i'ini;1bb uu~IJ 1 u~ll1a1J•b'l111il\lllli11 1 

na1u11il\il ~1iri'-i'um1-i'nmiri'1mfli11hu\il bb<1•1 
~ .,. • z . 

mam1mm1" •1u1lJ 279 11a ~•u•na1\ll1ttlil 
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v ' ~IJ.fl1'11U5 1993-IJmlYllJ 1995 ( '11.A. 2538) 

1ommi,Nu1m\'Ju 2 nalJ namLW 1vi'fom MPA . . . 
1u~umJ1LLmu\ll"nsu i'ua" 1,000 iJaan'l'1J 

L \'Junm 12 <luorn.f n~IJ~ 2 1i.i1vi''l'um MPA 
' •.•1 z .J " • .I ~ '11Ulli:!ulm'Mlo11Jlil'Yl<l11Jl>fiU1'111Jl;J<llJ1u>•LIJU 

MiiLwm 246 >1a (n~mL>n~1mu 168 >1a 

Lrn"ntj1J~ 2 ~1mu 78 >1a) mhL\'Juina 

~1mu 11 o >1a Lrnrntjj,~1mu 136 >1a ii 

1ll!jvt~LLvi 30 f.i, 85 U (ll'!Hilm\'Ju 62 u) 11i1U 
• ' 3 

Nll1u1una1JLL1niitl1mTmi'l1J'll1J 3.16% LLadl . . 
<1m'l1~LW1i1,Ban&i~u 1u'llru"~NUla 1una1J~ 2 . . 
iiJ1mTno\llo' 3.12% r.Jaiii,nli11iiLL<llil' 11fo';\u 

iililil m11w MPA ~11Jvi'1uiiU'YIU1'Ylihl'l'[\!~il" 
I I I d ... 

'llla'YJL<l11J1011\lll' 1 L'll!J 011LU1Jolm1 ms 

m1'1111i1<11w1m1i1', 1~iJ,numl1111\ll1 uu~mru 
uniiiLLviiiJ1mTnii1101ilo' 1u~UlU11fUJ•L~'1"a" 
.1 .J1 "'"' "' ,., ulUOOl' LL0"1"U"~0011J 'YI \ll1U0111n'lfl\ll1a 

LY1iili1uOJ Lrn"1,.,'iam1ma-l''a 1'i11wiiYJrum'l1 

if1vi~~\J 
4. tJ YI.A. 2001 Focan C LL<l"Ylru"' 0 

u1"L'YIALum1ia1J 1vi'vhm1ufou1,iial;Jom1Am·n 

LiiilJ 1wY!uall'u 1Y1um10mrniiimrla tJ YI.A. 1982 

LlJtJnl":i~filflUUU multicenter, randomised trial 

L~mu'iurniiuum1mu'l''a~11Jnum11il' HD­

MPA LtJu honnomonotherapy num1i11u'l''a 

~11JnUml1oon 1um>'l'mn~u1u1J"L~'Lvi'1u1J 

>"urn1n ~1mu 516 11U LtJunm 6 L~au 

LL0"\ii\ll\lll1Jf.Jom1'i'nmvim UUL1ola11JIJ10 13 U 
10JmLunNll1m\'Ju 2 nalJ i'\anli1J~LUU node-• . . 
positive (NP) ~11J1U 270 11a LLO" node-

negative (NN) ~11J11J 246 11a 'l1Ui1ii<J~ufo 
u1,1,.,iJuuiJur.Jam10mrn~1J ?i<J Nll1ana1J 

N~ ~Mfom HD-MPA iiam11s~il'l\lll~a 
1llm11i.i'Yl10J<l' (relapse-free survival : RFS) 
~.r ' 1 . .r v •.•1 1 .J v OJ'lllJLOJa 1J'll1Jnuma'll<J,r.Ju1a IJ'llrurn<Jlil11 . . 

"""' ' ,,r n1>11llil'lll\lll11J (overall survival : OAS) Li'llJ'llU 

1uNll1a~ii<J1ml'<Jani1 50 tJ ri1uNu1ana1J NP 
\J ' ... ' 

1i.i'l1Ufl111JLL\llnvi1,'111J' RFS LLo• OAS LL\llLIJ 

Nisamanee Satyapan 

m,m,ii11JOUNU1una1J NN '11UllNU1ana1J 
.... ' " . 

.J ' ~I .J1 •v NP 'YJ1Jla1J1nm1 50 u 'YI \ll>Um HD-MPA'" • 
ii RFS &ini1NU1a~mmfoani1 50 tJ . . 

5. tJ YI.A. 2004 Focan c LLO"Ylru•" 

u1•LVJAL umilu1J Mmm>AmrnL uu randomized 

adjuvant trial L~mu'iarniiaum1ma'l',!l~11Jnu 
m11iJ' tamoxifen num1ma'i'iaTI1Jnu HD-MPA 

1 
v •.•1 " • .J "I IJ 011>01'11 ~ ulalJ•L l' L\ll1UIJ1•a•LL 10'YIL u u 

node-negative (NN) ~llJlU 194 11a 10Ja~OJ 

\lll1Jf.Jom1'i'mmuunm 7 U (vi',LLvitllJ11YllJ 

1990-\llmYllJ 1996) 10JmmnNu1muu 2 na1J • • • 
?i<J~u1antj1Jffimum tamoxifen fou1•mui'ua• 

20 ilaan'l'muunm 5 tJ ~1mu 98 >1a LL<i• N • 
u1antj1J~1vi'fom HD-MPA fou>•mui'ua" 

1,000 iJaan'l'm\'Jm1m 9 L~au ~1mu 96 na 

Lrloi!i\ll\ll11Jm>'l'mn1ua1u1myLuunm 86 L~au 
'l1Ui1iiNll1amm>'YllOJo' ~11J11J 25 >lU LLO" . . 
Laail'l\ll ~1mu 13 >1a l\llaii RFS 1uNll1anli1J . . 
ffivi''l'um tamoxifen LLo"nli1Jffimum HD-MPA • 
LUU 93% LL<l" 81 o/o \lll1J~1iiiu (P= 0.02) LL<l" OAS 

u<Jaa,1u~u1u~iim~u<Jani1 so tJ (P= o.o4) 

1J1lnil1niiif,iim>0nmi.i,r.Jo'll1l' MPA via 

Bcl-2 expression ~LUU biomarker illfl[\! 1u 
. .J 1· • .J endometnal precancers 'II"" imani:l'Yl\lloU<!Uo' 

via mm wm,u1na1lOi110~~1i.i\ll1JU<!U1J' M 12 

a-al 
' 

QJ <1 ... d 
101'111J"L>,'ll!Jlil honnone-dependent LU1J"ln 

miim11Juaa0Jila1um>1il'm (high safety profile) 

1haaOJ<J1m1i'lBvim"uu lai1\llillnm> 1 iJ''j, ilfoB1 

ii myeloprotective effect 1ha\fo,num>Ln0Jm1" 

L~\llL~1J\ll'llll~llU~Ula~1vi''l'rnAiili1uOJ U»l'Yll 
.I v .J o .J ' 

01 m > ul OJ n>" Iii n <JUL u "'mill n IJ•L '''YILL '11> • 
m"il1a1u~m"~n (bone metastases) uanilln . ' 
ilifoii anabolic effect ~'ii1mwm1rum'l1il'i\llLLri 

~u1a Yi11w~u1a'l'uu>"mumm>11ii'mn~u jj 
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DRUGS 

Cytarabine 

Laddawan Senggunprai 

Department of Pharmacology, Faculty of Medicine, Khan 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 anthracycl ine 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 antineoplastic 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 t(8;21) and inv(l6)/t(l6;16) 
AML patients. 

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

m cytarabine L UIJ!J1LV!jjtl1tim~ihh•al'lllmwm !Jnl'l-l'mn h•1im~~ tillilta1w1m-mmu'llillil LlilUL\!Wl• 

acute myelogenous leukemia (AML) fllWBnql'lt'llv~ cytarabine ma~mvl'um•'ln!Jfll'l phosphorylation 

mu 1m'llaa'1murnu hiJ cytidine kinase tvlo lli'tiililtUIJ active metabolite ?lo cytosine arabinoside 

triphosphate (Ara-CTP) Ara-CTP 1fllJl'l~UU~~nl'llh~lU'llB~ DNA polymerase tta•1fllJl'luttl'l'lOl'i1tiJ1 

hlmu DNA 1um•U11Jnl'lll~tflTI•li' DNA ttl'llJ~ dCTP ~~tUIJ normal substrate 1mmJn~\1•1il' cytarabine 

fJJJnu anthracycline 1um1-lmfl AML ~~1'11r.Jam1-lmfl~mu1•l'iu1'1U1 tt~ati11 h~vn1JiJnwum1tiimm1 
• ;, ~ 1 JI ~ JI 1 ._., • ~ ~ ~ d d ... " 1 • ._., naut ulJ'lfltJB1 'lALtarnl'llil B!Jl tO\il'llU IJfJ u1U lil11JIJ\11lJA1llJWU1UllJl'l\l•t WlJ fJil ol t 'j\J !Jfll'j'jfllfl fl u1U . . 

AML lmmi!Wl• 1 m1'i'tti.imam1ua1~am1-l'fft11 (refractory AML) tta•l>i'~naumi'.imm1'lla1 hvi iinmu1'la~ • • 
\11ni'l11ii'fom1-lni;1uli1 (relapsed AML) lmum1!l1lJl!l1~1JlJl lil'filJnum cytarabine ~~1'la1um1flni;11'11L'Ja 
;, d' 1 ' . 4 d ., ;, 1" • Lu!Jl'llJlWB \I t!!Ufll'l!Jl topotecan 1'118 irinotecan 'lf~BBnql'IGtulJ topoisomerase-1 inhibitor lJl 'lf'l1lJOU 

cytarabine 1JBn\11nil'iJ~i'.im1flnmtiluinum11il'm cytarabine 11J'll!Jllil~11 um1-lni;1 l u1•u• post­

remission phase 1vlail1Mnum1n!i'rnllu.Jlt1a~ 11A flilfll'lflni;1wui1m1 Wm cytarabine luti!Jllil~~ lmu 

m1li1m1'la1u1 A~~ (repetitive) i'.it>Ja!l1uamilm11m1tiimm1narn lluii'1'llB~ hvitta•tvlm•u•na1m1i'.i 

ii'ivrntjttuutlaa\il lw1 (disease free survival) lu~u1u 1"1 lmmi!Wl• L IJ~U1U AML subtype t( 8;21) Ltil• 

subtype inv(l6)/t(16;16) 

. -' . 
fllttlflty : cytarabine, acute myelogenous leukemia, high dose cytarabine 
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Cytarabine 

Synonyms Cytosine arabinoside, 
Ara-C, Arabinosylcytosine 

·cytarabine 1uum1 untj!J cytidine analogs 
.,...! .,,,.,. A . IJ'llam,tl'llJl'la 4-amino-1-p-D-arabmo-

furanosyl-2 (1 H)-pyrimidinone molecular 

formula ~B C
9
H

13
N

3
Q

5 

ntJ 1nm':imrnqni! 

1~ am 1 il1 ri'i1' ma••ant1Jmua hi'lf~, . . 
"' .J • .r 1 ' • "' ·' tuUn>•U1Unl1!'1tO\lllJUill!J ut'lfaa 10\llLuUJu 

~a1:1Jl'JflililnqY1t1v1~a cytosine arabinoside 

triphosphate (Ara-CTP) l\llmTu\llau1um1Lii\ll 
... .:... "" m•mum1L1J\ll1uaaif1JUl'lo cytarabine ma Ara-

c umtl~autuu 5'-monophosphate nucleotide 

(Ara-CMP) 1\llam1'1'i1,1ullmrnuhii deoxy-

~ . . 1··· cytidine kinase 'llOUU Ara-CMP Ln\llu!]n>Ul 

phosphorylation l\llam1'1'i1,1ulJa' nucleoside 

monophosphate kinase 1lii'L1'lu Ara-CDP Lta• 

\lll1Jlii'1am1Lii\lltll]ii'lm phosphorylation 1\lla 

mu hii nucleoside diphosphate kinase 1lii'Luu 

Ara-CTP (JU~ 2) 

d "' Ara-CTP 'lf'Lu'IJ active form ifl!J110 

au&m1ff,Ll'l>i•if DNA 1\llm-huvrn'Hal!JOo 1n 

llii'Ltri 
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. 
- aua,m1'1'i1,lUlJo' a-DNA poly-

merase lLUU competitive inhibition 1VlEJ01".HLEl'1 

normal substrate 1um>ff,L1'111•ii' DNA ~'~" 
deoxycytidine-5'-triphosphate (dCTP) 1um1 

~unrnauhli 
~ ~ ' !JU!J,n>•U1Un11'1fa!JLL'lf!J DNA 

- LL'V110vl1 (incorporate) Li!11tl1u DNA 

~' ri a 111Lii\lll'l111J ii \lltl n~1 u m1'1'' Ll'l>l•ii'ma 
DNA Liiutii\llm1iiU!1',~u\llaU chain elongation 

" • d d ' 1 .r "' 1 .,(.J LUU\llU 'lf~L'l!011na nutuuna nmwanq'l'l5l'l 
.-5 ., .,J I 2 oll'laJl'lif\lllJaWl ' 

v • 

Cytarabine un'l'i1ma M1uvrnL~U"1'1111 

L~ a 111 m LL u ufotl 1 •l'll u <11m 10an\ii\ll:il!J1lii' • • 
<Ol!V ·d1· •• lh"mrn 20% '111auaam1 L!Ja 'H!JlLLUUU\llllJl 

Lffutaa\llo11 m•dim1n1••1av111uit1'i1,ma 

Lta•Ln\lltll]mm deamination ati1~11\llL~1 ma1u 

n".i~LLi:HaflVllfi~nUu inactive deaminated product 

fia arabinosyl uracil (Ara-U) m1'"1n\i\ll!JlLil1 

1 ......... """"'""'J'., 
\ii ~1 '11 u' '11> au \ii L lll n <n IJ Lu awu1•\ll um~~ q\ll 

1uL~o\llilltJ1u 20-60 mi1 80% lJaw1unilu 

aan'l1n'i1,mama1u 24 ii'ilm tlaani1 10% 

lJa'm anilu aanm,ilam1• 1 mtlffiliL tl~autL UiM . . 
m1111mLLUU continuous infusion WUilih•~UUl 

aa'1u cerebrospinal fluid (CSF) if'ni1m1111'm • • 
LLuuii\llLil1Lffutaa\llo11 m cytarabine jj011fi1~\ll 

lLUU biphasic elimination ij initial half-life 

th•mrn 1 o mi1 LLiJ•jj terminal half-life 

tl1•1J1rn 1.5-2.5 ~111N m1\i\llm liposome 
d~ .r.:.1· cytarabine 'lf'LUIJ~ULLUU1JlaanqmHUU 'll 

a1wl'um1'.im-n lymphomatous meningitis Lill 

1uila'L~aif 1J 1llffU'11a' (intrafuecal) wui1ih•iilu 

m~'q\llal)LU lumbar sac Lta• ventricle lii1' 1 

ma1u 5 ~111J~'l1il,'l1n111'm Lta•111jj terminal 

half-life atiu1u'11aia1u '· '· • • 
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plasma 

Arn-C 

cell 
Ara-C 

cytidine 

+ kinase 

Ara-CMP 

kinase (1) i 
Am-CDP 

kinase (2) 

+ Arn-CTP 

' DNA 

cytidine 
deaminase 

cytidine 
deamfnase 

deaminase 

Laddawan Senggunprai 

Ara-U 

)' Ara-U 

t ,. Ara-UMP 

intracellular 

phos p/Jorylation 

and retention 

'lU~ 2 Metabolic pathways of cytarabine 
5 

u 

rrn 1flfl1'>1fl(;Jfl1'liif Bliiil!n cytarabine 

""' .K .. co;: ' 
LO\ilnl'l\il B!Jl'I! EM L 'l!i'li'llJ•L 'l1\il B!Jl cytarabine 

na 1nL'mhiftvi11ti 

1. L'lli'lli'IJ•L~1'1!1\ilLml hif deoxycytidine 

kinase rh1111ii011n'lmu~uu cytarabine 1u1llu 

Ara-CMP ~11iiiim•UlllOl'lLIJ\ill\JB~51J 1ii'tn\il 
d,,. ~J' 

Ara-CTP 'll1Lull active product Ln\il'l!ll 
" ,_: ... ... d .r 

2. L'l!i'li'llJ•t'l11Jnl'l5'll' dCTP mml1l 

L\ilUnl'lL~IJ activity 'l!B,LBUhif CTP synthase 

L~ai'.i dCTP L~1J1J1n~ul111i1'01i.mm1'u~'q11t 

'l!E' Ara-CTP \limauhif a-DNA polymerase 
..... .?:: ..... .. .,. 
\il11lllnl•\J11l01'l51Lfl'll•l'I DNA \Mi'!l!Jl'lU 

vllt iJ 1l \Ji E 1 tJlvi' 
o' ..! ""' d 

3. L'l!i'li'llJ•t'l,IJnl'lLWIJ activity 'l!E' 

LBt.11'lfif cytidine deaminase Yi11-J cytarabine ~t1 

LU~Ullt1'lu inactive product Ara-U IJlO~ll 
4. i'.im'laV!m11Ja11n~u1unwiunu DNA 

pclymerase 'l!E1 Ara-CTP '· 
6 

Cytarabine t \'Juma1wl'u 1'111 um~-lmn 

LlfllJ•L~11JE'~"\J\JLaB\il (hemetologic malignancies) 

11a1ullilV1 lvi'ttti 

- Acute myelogenous leukemia 

- Meningeal leukemia 

- non-Hodgkin's lymphoma 

- Acute lymphoblastic leukemia 

- Chronic myelogenous leukemia 

m11-lu1u solid tumors \li1, 1 wu11!1nil•1'1i' 

1··1·' d1·~ cytarabine IJflEU \ill'Ji'I t\iluti!Wl•tlJE \'l!J1LWU1 

~1t&'lt11 4
' 

6 
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Cll cytarabine injection U'n-Waii 1 lZLLri~ 
u1uoi1u1li IV infusion L\ill'Jfl11t~B\ll11'111ii11'1 

a1'ia:::a1u 5o/o dextrose Vl~B normal saline 

tl'lmru 50 i1oaa\il1'H~amnni1 trn"1"u"na1 
11.101111.\uii'ia 30 mi1~u1tl 511'!'\'um 

cytarabine 1Ul!Ul\il~-ll'l11Ull'JllJli1eml'l1U"11 

a:::a1t1 5o/o dextrose l1~B normal saline iJ~1J1fll 

250-500 i1aaa\il1 tta"1'11mtth.11eu"nmu11.1 
1-3 ii'11m UBfl\llflfl111ii'l'llL\ill'llli IV infusion 

mi'ii'i-imimn111m1\ill'l1lim1il\iltttJU SC, intra­

thecally ttae intraperitoneally '111'1fol!l.ll\ill'll 1u 

m1'\'nm L\ill'/Yi'11 Ul!B-l cytarabine injection 1.i'ttri 

- 60-200 mglm 
2 
/day L\il1'111i continuous 

IV infusion 5-1 o 1u&i\il~ai\'u 
2 • - 100 mg/m IV or SC 11.!oe 

&i\ilciai\'u 5 1u L\ill'l1il'llnn 1 2s 1u 
' 

10-30 mg/m
2 

intrathecal 3 

2 - 1,000-3,000 mg/m IV over a 

period of 1 to 3 hours 'l'Jfl 112 ih1m t\lunm 
3-611.1 

2 ~ ~ G - 10 mg/m SC 'l'Jfl 12 'lf1LlH ttlunm . ' 15-2111.1 

. ~ 

fl1f11'>'1l1~tflfN 

Cytarabine ria 1 ii'tn\il!llfl11ii1-i tAl'l-l 1u 

'Hi111'11euu2
-

5 
onset l!fl-lfl11t0\ilfllfl11ii1-iti'im 

' 1 .J \ill-I 1 tti1\il-l U\ill11-ll'l 1 
1. 1eurnih1w 

Cytarabine iJqriBLll'U potent myelo­

suppressive agent !h 1ii'tO\ilfllfl11iil-ltAl'l-l1.i'ttri 
' . d • 

leucopen1a LU'I::: thrombocytopen1a 'li\lVOJYlfl'U 
•• , • • J. 
'lfl-lU fll'I ttae\'4Ull11"<i11'1 \il\11-l tfl\illJUUl-l 

• • ,¥ 1 WU myelosuppress10n tfl\ill!Ullll'I I.I 4-

12 1u 'Ha-l\llfl 1.i'i'ul'll trnemlJ11n recovery M 
mu 1 u 2-3 atlwTH iil-lii'uw<i1t \lu.i'a-i&i\il\illlJl>rn 

blood count llfl-l~U11'11m"m1'ffilii"l'um cytarabine 

tlllJarim.1'ile1'111'111u course cia1tl 
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~ ... .J .., .,. 
a1m1m-i t I'! m t fl 1'11 flu 1euum-i t \ill.I !111'111 

1.i'ttri l'l~u 1'1' mt~uu ~-it\lumm1~'11.1wuili\'u 
l!l.ll\ill'll~1.i'fo trnea11.111nu a-ii\'u 1oioi11'11'/lttrl 

• d • " Bll:Vtl'U, LUBB1Vll'J, 'Ylf.l\llr;itl, metallic taste, 

ria-itl1flilmauttoet\luttl'Jo, metw1em1m5mau, 

.Jrniau5mau, tmo1uria-im-lt&ium1'!11 
3. r:i1,,,,r, 

wum1tn\il mm1il1-ltArnm1 f;j1'Hu-i Mtiaa 
d 1 • ' <lf-.'.l ~LLn erythema, skin ulceration, alopecia, 

pruritis, urticaria LLa::: cellulitis 

4. mu 
mm1il1-iti1m trim nu.Ju 1.i'mi m1Yi1-i11.1 

l!en.Juf;j\ilun&i jjm1t yjlJ~Ul!a-iu'lmrurnu hif 
1u.lu ttoetO\ilm1e hyperbilirubinemia 

5. 1eumheain 

1u~ffioi'l'um cytarabine 1uv1.11\il~1wui1 
"" 4'<>. " ... ., cl lJ ~u \ii fl11Wl! a-i fl11 t n \ii a1fl11v1-i tl'lmm-11 euu 

tl1emntl1emru 16%-40% a1m1il1-itAl'l-l~ 
tO\il;1.1ll'mnYi~ui\'ua1.1a-iti11.1 cerebellar 1.i'ttri 
~ ~I ., 
Cf'U«'W, ataxia, nystagmus, slurred speech Lu'WVl'W 

wui1a1m1\letO\il 1uri1-i1u~ 4-5 l!B-lfl11fom 

ttae'ileriau1 :flui'iu1uafl 4-71ucialJ1 tt\il11.1~u1a 
m-i 1"11.1wui1 a1fl11m-i1euuu1emn him1J11n 

Wui'iunaulJ1 M 1111mmt1-iva-ia1m1il1-iti1a-i 
' 

m-i1euuu1eainjjm11Ja1Jwuili\'uvu1wmffioi'iu 

a1uva1rJ'u1a twA fl11Yi1-i11.1l!a-i&irntoe1\il 
' . 

• • ~ ti d • 
fllfll1~1-ltl'l!J-iau 1m-i1euu 1ea1nnwuuaa 

1t9i'url peripheral and sensory neuropathies, 

bracial plexopathy, bilateral rectus muscle palsy, 

parkinsonism, dizziness, seizures LLC't::! headache 

6. 1euumai'il 

a1 fl11ii1-i t~ u-i t~l'/1i\'meuumu1'ii1.i'ttri 

respiratory distress syndrome, sore throat, 

esophageal ulceration, esophagitis, pulmonary edema 

7. 1euul'Ha1'iau1li~w 
., "" .J ... .J' 1 • ' fllfl11'lf11tl'l!J-ll'ltfl\il~U \ilttfl cardiomegaly, 

pericarditis ttae thrombophlebitis 
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8. 1111 
V ..0 .J :'J 9/ I 

fl101'1'lJ1'3l'"1f.F.l'Yl'V'4U LflLLn urinary retention, 

hyperuricemia 

9. Gil 

m cytarabine ·rh1itfi111ainwiJ1,tfiu' 
.J • 1· ' .J tnu1nuCJ11 ~Ufl conjunctivitis, keralitis 'lf'l'i:fllJl'HJ 

Uo,n\J Mlii'1um11il'm11m1vl\ill glucocorticoid 

tt<J•li11 itn\il photophobia 

10. ~\J'] 
,.,..,.,J,J,J.,., 

mm1m,tAU,B1J 'J'Y!WU'll't~um1 "Ara-C 

1• ' ·' • .l' syndrome" \ilttn mm~u11'1n>•lljmtammm1JB, 
<:i "' ~I 1v ' "" d .d t'ilu11m1m, tu\J ll, Bomwau, \llltt\il,trn•r-m'Yl 

~i111l'' 01m1t11~1dirn'il•tiil'lii'1J11'1'1il1n 11ii'fom 

Laddmvan Senggunprai 

corticosteroids 

tlli ii"ll'll nu I'll ~'IJ 
1• ' • dfl • 

1. m1 '11m cytarabine ~·uinummu\JW'tl 

t>io11'1 (nephrotoxic drugs) ilr-rna\ilm1ri1~\il 

Ara-CTP 1111n'il1n~1,nwli11 it vllJ 111m<l~'il" 
tiil'l81n11W'tl'il1nm11il' cytarabine 

2. Cytarabine ilr-rna\ilm~ll)\il'illJllB' oral 

quinolones ua::; digoxin 

3. Cytarabine ilt>Jaa\l\U>•~'Ylllmwllo'm 
"' . ~ flucytosine t1J<J"1nuumm1 uptake m flucytosine 

ll°'tii'11n' 

..; "" !V ... 1 v 4 5 7-14 
111111~'11 1 Onset llB'm~tn\ilaim1'111,tA!N'illnm1 '11m cytarabine · · 

Organ site Side effect Onset 

Hematologic Myelosuppression E 

Gastrointestinal Nausea and vomiting 

Diarrhea E 

Stomatitis E 

Abdominal pain E 

Dermatology I skin Rash E 

Alopecia E 

Hepatic Elevated liver function tests E 

Hepatotoxicity E 

Central nervous system Cerebellar toxicity I to E 

Seizures 

Peripheral neuropathy E 

Respiratory Respiratory distress syndrome 

Pulmonary edema E 

Ocular Conjunctivitis E 

Reproductive Infertility L 

Others Ara-C syndrome 

Fever I to E 

I: immediate onset (hours to days), E: early onset (days to weeks), L: }ftte onset (months to years) 
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1. m~i'li' cytarabine iu&Jih!J acute myelogenous 
• 

leukemia 

Acute rnyelogenous leukemia l1ifl acute 

myeloid leukemia (AML) 11'18 acute nonlym­

phocytic leukemia (ANLL) ~8 hl'llm~Hrn 
~ ~ dd . bid'. ':i:::'UUL'tlflVl"lft.IVll1ti..:J'ln'WU unmature oo -1orm1ng 

cell ~1mumn8u1m~8\ilmdllm•\iln L'llaifm<i1d . . 
• l.J • I ~I 0 ~ ~ 

••~muaumLu<NLu1JUJ\ilrn8\ilm1'11U\il granulocyte 
""' d • .f ' Lrn• monocyte 'll~••L'WlJ'llJ1UlJ1J8Ul~lJlnlJlU 

L'iuni1 leukemic blasts LLviLUm'llaif~liiam.i1ru 
LLa• liimm1111'11lnr1~hl\il1lJtln&i Lrn•1umu 

"' "' .-.Jn I "' 
m•mum1il~Ll'l1l•'YIL'llaa\'lun\il 

Cytarabine LlJ'U first-line chemo­

therapeutic agent lunl'l'l'fft11 AML 88nql'l~ 
LUU S-phase specific drug l\iluii'1ltlll'mhml'li' 

TilJOU anthracycline (daunorubicin hydrochloride 

11'i8 idarubicin hydrochloride) U8n•1nm 
. 1 'V d • "' .. d 

cytarabine ••~nmm 'llL'W8fl1•\iJL'llaalJ•L1~ 

(remission) ~~LUum11li'm1 u~h~LL10ll8~fl11 

~nWl~L°1EJn11 induction regimen Luf1 tll cytarabine 

a~ i1tl1dl'Ylii.fll'W~l mh11J 8~ consolidation 
.j~I v .J,v 

therapy '111LuUfl11101'11L'W8fl1•\il leukemic cell 
_,J.., .... I d J'I CJ CV .fl : 
\'lU~'Yla~L 'Yla 88\!Llll•L 'W8U 8~0Ufl110aut uU'lll 

ll81hl'I (relapse) Lrn•luifN maintenance therapy 

~im'liunu mh~ hn\il1lJii1LuJi1m cytarabine 

••ii tl 1• ill'liim 'W~ uvi ii !lJ'Yll~ll' n• •'WU L<l!J 81 u 
n11foi;1~U1!J~8 fl11LO\il early disease 

R"f ... ..f ' 115-17 
recurrence Llll•u!)!'Yllfl11LO\ilfl11\il8\il8Ul 

~11'11 l li'i1m10ni;1m1 l'Jliilnmnum10 nmLMm 

num1tl1 cytarabine m 1tl'~1lJnum'llil\il~u 1 

lum1foi;1 AML l\ilmll'Wl• relapsed Llll• 

refractory AML ~~ll'n•"l~r.Jalum1foi;1vi8u 
ii'11~1 relapsed AML 'YllJl!Jii1~u1u~naumi1 
mnw11a~ 11l'liinmum1'1•1n~Mfonwl'ni;1LLli'1 
a1u refractory AML 111nuii~~u1uffii.i\il8UllUa~ 
vianwl'nm m1tl1mlJ11tl'~1lJnudwfornL ~a 
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L vilJu1dll'lli.fll'W 1 um1Znm L WlJ complete 
v ~ ,§ ' 

remission rate ua:::avriJVl';llfil':iLOVlOl'lVHJVlfltll 

' " lJa1L'llaa1J•L1~ 

i1m1flnmm~l'lliilnlu1•!J" Phase 1111 

L<iua11u~1u1utl 2004 i1hl1'11m1fln1:11r.JalJITT 
,. d ,,~, 

fl11tlfm topotecan lf~aanql'lmuu topoisomerase-1 

inhibitor -;i1iu)u cytarabine 1u~tl1t1 relapsed or 

newly diagnosed myelodysplastic syndrome 

(MDS) LLa• chronic myelomonocytic leukemia 

(CMML) Llil" relapsed AML jj~lJ1mii'1i11Jlu 

m1An1ll 21 l'JU (11 l'llJbUU AML LLa• 10 l'JU 

LUU MDS1CMML) ~u1mLvia•AU MZum1foi;1 

\ill!J regimen ~~d 1.25 mg!m' topotecan l\il!J 

1l1uuu continuous intravenous infusion 'Y!n1u 
LUUL1al 5 -Ju Llil" 1.0 g!m' cytarabine l\ilulli' 

LLUU infusion LUm"u•rnn 2 iht1J~ 11nl'u LUU 

na1 5 -Ju 1aulla~m111'i'm.J1~a 28 -Ju ~u1u 
M'Zum111'i'm.J'.ni'nm\il 37 1au ~am10nm'Wui1 

d .J ... 
non-hematological side effect \'l'WUIJl0\'1~\ill'lfl 

a1m1lii' ~~'Wu1u~U1!J 17 1l!J (89%) 1ii'WU 

&Ju1mifoii'l \ill ti 8~•1nm ni1wi;•1nm LL viii • 
&Ju1u 2 11mlluii'l\ilmalu 1 L~au11a,Lii'1~11J 
• 
l um1AnM1Ltia1•1nm1ohL ilu 1tllla1 hl'I lum1 

AOl:ll'WU complete remission 1u~U1!J 7 1l!J 

(33%) ~~LUu~u1u AML 4 11u, 'WU partial 

remission 1u~U1!J 8 1l!J (38% ), 1ii'WUfl11 

Ltl~umLtla1lJa1hl'I 2 11u (10%) Llil"'Wui1jj 

m1ohLilu ltlllrn hmvi1J~u 1u~u1u 4 1l!l (19o/•) 

~amtll'h median remission duration lJfl1tJU1!J ' . 
AML atj~ 11 atl\illtt (2-49 atl\illtt) Lta• 

smviva] time llfl~~u1uatj~ 32 atl\illtt (2-119 

atl\il1tt) m10ni;1tla1tlr.rni1 topotecan mm111tl1 

1J11tl'i11JOU cytarabine L~mvi1Jtl1•ill'liilll'Wlu 
m1Zn1:11&Ju1u AML LLa"ai1J1111tl1m ltl'l\il"l u&Ju1u • • 
mu 60 i'l111alJ1nni1L'1111"~"uii'1~tlm1\il.ii'u" • 

lui'I 2005 i111u~1um1AnM1L~mnum1 
1
• .,J ,,,, • 
!lm irinotecan !l'aanql'15LuU topmsomerase-1 

inhibitor L'liUL~mnum topotecan ii~tl1•ill'liilll'W 

1 . 1~· ..... ' ,J ' .J ""' Ufl111Jl!Jl !f111JfftJ cytarabme 'll~nau\'l'"IJ 
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m1 fl nmm' fl~ il n fl ru"r:J'i~a 1.l:il m 1\1 mn m.Ju 

in vitro ti-:ic.sa'llB...'ln111?i'i:J1 irinotecan ~Juti'u 

cytarabine 1u human AML cell line bla"Vmi1m 

~ 2 !iil'1aanql'lllbo~lJnu1um1n1~'1b'lfoti'1J"b~' 
1 um1i1 nB1m' fl~iln 1vl'ilnw1hm irinotecan 

m1ii'~1lJll~ cytarabine L'U~U1!J~bii'1 refractory 

or relapsed AML 11i\',1nn 1~um1'lnmv11a high 

dose cytarabine LLa:-.: anthracycline chemotherapy 

~l'Ul'U 14 11!1 ~tl1mid~u irinotecan L'UV'Ul'1m 
.... !I' ... 2 

l'JlJ(il'Wl'J 5 mg/m LLUU intravenous infusion (over 

90 min) 1uo"fl.j',bU'U1"!1"nm 5 1u 11ii','il1n 

M'lu irinotecan bU'Ub101 12 ii'111M ~U1!J'il"lvl 
'iut11 cytarabine 1t.1'll'Wl~ 1 g/m 2 

intravenous 

infusion (over 60 min) V'Ul'1m~'~'1Va' 

irinotecan ?'ia 30 mg/m
2
1um1AnB1fl.f,il'!v1ilm1 

Lnuv11 mh' Lii B'1'illfl ~tl1a b vl ali1m1'l bf111"!i' 

pharmacokinetics LLa:-.: pharmacodynamic effects 

"lJB'1tl1~1tl e.Jan1'J~n'Mll"lU complete remission 

lurJtl1a 2 11!1 m1i1nmil'a1tlfJoll irinotecan . ' 
mm1nti1m 1'1i'TilJtlU cytarabine Ma~1,tloo'1il!I 

bbod1m5~lJql'lllnu1um1'lnB1 relapsed or 
19 refractory AML 

.,. ... ... d d.c< ~ 
1Jmanliu'111mmmm1um1•1nmaamn 

1ui'.I 2005 ~'tl1"~l'lilmw 1um1ti1m1iin1Jnu 

cytarabine L~B~nYl relapsed lltl!: refractory 

AML ~B clofarabine Vl~il 2-chloro-2'-fluro­

deoxy-9-beta-D-arabinofuranosyladenine ~'1 

Lll'WEll 1untjlJ second generation nucleoside analog 
.1 ~I m clofarabine aanql'lubu'U potent inhibitor of 

ribonuc!eotide rectuctase m1f1nB1il'Llium1i'inB1 

m'flailn 1u1"a" phase I/II il~tl1mli1~1lJm1 

i1nB1 32 11!1 ~m'1mffi1fori~tl1a?'ia clofarabine 

40 mg/m
2 

intravenous infusion (over 1 hr) LLa~ 

m\'1"1nlvHum clofarabine 4 ii'111J' rJti1tJ'il"M • 
-ru cytarabine 'lJ'UlCJI 1 g/m

2 
intravenous infusion 

(over 2 hr) ~tl1a M'lumii', 2 !iil'1il'1 llm"a" 

nmmu 5 1u fJom1i1nB1wu complete remi~sion 

1u~U1!1 7 11!1 (22%) bb<l"WU complete remission 

with incomplete platelet recovery 1u~U1!1 5 11!1 

Laddawan Senggunprai 

(16o/o) ~l overall response rate ~f) 38o/o :rJ~U1t1 

3 11artl:i.i'1auaua11iiam1'lnm m1i1nmil'a1tl 
' 

floll clofarabine ii~oi1mvl1Jm15"5!JmM 
d ~f d ,,. 

Ara-CTP 'lf'buum11rnnql'lu~a1 cytarabine "' 

iiflm vl1Jtl1"al'lllmw 1 um1foB1 bbo"mm1n W 

clofarabine ~1lJtlU cytarabine 1vl'ari11tloo'1il!J 20 

uan'il1nm11'1i'm 2 !iilmnlJnu 1um1'lnm 
"-'"" ,,. d 

AML m!lfll11'10BlbbUU multicenter phase III !!' 

11m1u1ui'I 2004 li1m1i1nm~amNm1Wm 

3 !iil'1~1lJtl'U 1um1'lnB1 AML lvlbbri cladribine, 

daunorubicin bbo" cytarabine L 'Ufll1A 01'11 bb U' fl tj IJ 

rJtl1aaarnllu 2 nalJ?'ia nalJ~ 1 (n=200) . ' ' 

1 •• CJJ'1Uf.11 daunorubicin + cytarabine + cladribine 

bb<l"ntjll~ 2 (n=200) ~,1.l'lum daunorubicin 

d1'" 1 1· + cytarabine V'Ul'1m1'l '111.Jbbo"nm 'Ufll1 11m 

a111'JU!Jlbbliio"vl1i'Ja daunorubicin b'YiltlU 
2 "" .,J 60 mg/m /day 1'Ul'l 1-3, cytarabine bmnu 
2 "-' .J . . ' .,, 

200 mg/m /day 1'Ul'l 1-7 bbo" cladnbme Lmnu 

5 mg!m' /day 1u1u~ 1-5 fJom1i1nB1wui11u 

n~lJ~1~~UU1 3 1filCJJ:rJ complete remission rate 

64% ~"nni1na1Jrtlmum 2 !iil'1~,jj complete . ' 
ren1ission lvi1tlu 4 ?o/o fJti1~:rJUs~1A'ty'Yll~t'fil~ 

m1Lii'1¥1B"1na1b'Yi1nu1 uii',aa1ntj1J fi1m11J 

1iT'mlluva,m1ih"a"nmva' 3-year leukemia­

free survival (LFS) '1T11fo~tl1antjmb1ni'ia 43% 

bbo"'1T11'lunalJ~aa,?1a 34% Lrn"1urJtl1a~a1a 
' " ' 

mnni1 40 i'lwui1nam,1tvl'fom 3 !iil'1il LFS 
' . 

~~'ni1ntj1J~~1vl'fom 2 !iil'1ari1,iJuaa1vl'qJ 

m'a~~ m1i1nB1il'a1tli1m1Wm cladribine 

TilJtlU!Jl daunorubicin bbo" cytarabine 1um1'lnB1 

AML iJi:.Jal'WlJ complete re1nission rate LLa~L'WlJ 
._,, 1 • 21 survival "lJB-:J~u1U CJ! 

2. n11'l'lim cytarabine ~'Ul'151 (high dose • 
cytarabine) L'U011"ltl1fl AML 

fll1'1BU5'UB11iiam1'lnB1.i°1am cytarabine 

LLa~ anthracycline 1'W~1~ induction therapy "lIB~ 

~U1!! AML ~1ii011.ruaani1 60 i'.J wui1ii 

complete remission rate 70-80o/o eJti1-:J1'1flVll>J 
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~u1a•"ii1ammilvim1nt1rn u1J.J'1~a-i hl'l~-1 cl'1 
1iJ1i;B'um1fnmvimtia-i11J1h-i consolidation phase 

vi'~ifu~nci111vi'i1 post-remission therapy l1~El 
m1fmn11J'li1-i consolidation phase iil'l1l!JfflA(jj 

ari1-imn11Jm1fmn~u1a AML
2
"'' iim1flmn 

-wui1n1'l1'1f standard dose chemotherapy 51vri'u 

consolidation phase l111'tt'~u1a AML ty;a-1 25o/o 
.d"' . 1!'1"2526 v .r 
'YltM:~~ilTV'l complete renussion 1 LV'I ' Vl1[JLVl~'t.l 

~'liil'l1l!JVWlal!J~'J" 1 ii'm1fomtt UU~\J 11J'li1-i 

post-remission t'li1Jm1tlanri1a 1~m"vin ttvitd1n . . 
'J1n'lllii'a1m10 h1vi' ~a 11J~u1amatl'amrndi-iii . ' 
ila~1i\'vianmn ~-i!l'-i 1litU1J~ila1J 1ii'mml'n21

·" 

anvmt~am1d-i~-iii~a1J1'J111m1flmnAam11ii' 
high dose cytarabine (HDAC) 11Jm1fmn~u1a 

AML 11J'li1-i consolidation phase29
-

31 ~-imnam1 
i'imn1!1'~mu1J~tl1vrn 1, ttviari1-i hnVJ11Jwui1 

il•~a\'l d-i~ii ~a vi a m1VJaua1J a-i 11J m1f mnvi'1a 

HDAC AB cytogenetic subtype ~B'l~U18 AML
32 

511J11ami-intj1J~u18 AML aamu1J 

subtype vi1-i 1 VJ11Jt1n1'!ru"m11J~vitlnii~a-ia1J~a-i 
' " ( . )d t'lli'li'l!J"t1'1 cytogenet1c abnormality 'll'lnl1\'l'.ilU 

cytogenetic subtype ~a-i~tl1aiitl1"lmt1J11Jm1!l1 

m 1ii'l'l1Vll'l"t \J 1 \Jnl1Vl BU5\JB'lvi anWln1'/ltti'l" 
m1vi1til1J1tl~a-ihl'l1vi' cytogenetic subtype ~WU 
Mtiaa11J~u18 AML 1vi'ttri subtype t(8;21) 

(q22;q22) Aantj1J~u1a~tilvi reciprocal 

translocation trEl~flu1u chron1osomc 8 LL~~ 21 

wutl1"mru 5- l 2o/o ~B'l~U18 AML, subtype 

inv(l 6)(pl 3q22)1t( 16; 16)(pl 3;q22) AB 

O~a.Jfiijnl''.iLfilll inversion Ll~:; translocation 

~a'! chromosome 16 WU 1vi'tl1"!Jlru 10-12o/o 

~"" AML trn"ll'nwu11J~{h8m~tl'a8, subtype 

t(15;17)(q22;q12) Aantj1J~wum1 fusion ~a'! 
retinoic acid receptor alpha gene (RARA) U\J 

chromosome 1 7 flu PML gene tru chromosome 

15 tilvimwJa'l'rnlJIJ PML!RARA gene tto" 

subtype ~tilVll'lll!J~VltlniiulJ chromosome 1 lq23 
BI '>'nll JJ-37 d I WUu1"!JlOJ 5-6o/o ~B'l~u18 AML 'll'lfio!J . ' 

~tl1a~VJaua1Ja'IAviam1fn,,1vi'1a HDAC Aa • 
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subtype t(8;21)(q22;q22) tti'l" inv(16) 

(p 13q22)/t(16; 16)(p13;q2 2) 
32 

11Ju 1999 Byrd tto"l'lru"1vi'11m11J~a 

n1'l0n'Ml'll8\l The Cancer and Leukemia Group 

B (CALGB) (ntj!J~l~S\'ll'll'l~ilm~mi\'uhl'l 
!J"t~'l 1 m".lum1J1'111ii) 1i~ ~am1fom~u18 

d • ' 
AML subtype t(8;21)(q22;q22) \'lal~1Ja8m1 

60 ffiutl1..:i consolidation therapy ~1tl one cycle 

HDAC ttl~autYiaui\'u repetitive cycle HDAC 

(3 cycle 11"iamnni1) lvi811J'li1'1 induction therapy 

~tl18!] n 11a1vi'fu n11fo 1'11t11 il a\J ilmt a" jj 

complete remission tilVl~\J ~til1~11J11Jm1An1'!1 
ij 50 118 jj~tJ1affivi'fo 1 cycle HDAC ~l\J1\J 

29 -:nmta"an 21 >ia1i;B'u 2 3 cycle HDAC 

11Jntj1J~M-l'u 1 cycle HDAC ""M-l'um11J 

cycle vlaii1LiJu cyclophosphamide I etoposide 

Lla::: mitoxantrone I diaziquone with or without 

filgrastim Vll!J~1.Ju ~am1An1'!1wui1 1untj!J 

~tl1affivi"fu 2 3 cycle HDAC ij 5-year disease­

free survival LLa::: overall survival u01n\il1..:ia81..:i 

ii!l'aa1ilqJl'll'l'1~ii tdm V18uilu ntj!J ~u18ffivi'-l'u 
1 cycle HDAC i;mm1An1'!1Lt5Vl'll1JV1111'1~ 2 

m1i'in1'!11'1~-iii'a1tlr.J~i1~tl1a AML 
' . 

subtype t(8;2 l )(q22;q22) ffiimum1fn1'11u'li1-i 

post-remission l1~e.l consolidation therapy v1'1t1nl'l 

1!1'm HDAC .J'.i1u11ma 1 dose (repetitive HDAC) 

ii disea<>e-free survival ua::: overall survival ~nil 

ntj!J~U18 subtype tAmtllJ~tvi'fo 1 cycle 

HDAC38 1Jan'J1nii'1tlttuum1flnmillvi'on!l1m . . 
111m1i'in1'111J~U18 AML subtype inv(16) 

d 
(pl 3q2 2)!t(16; l 6)(pl 3;q22) '11-1118-11'\.l~~ 

m1i'in1'!11uu 2004 tvi8 Byrd tta"l'lru" m1An1'!1ii' 

ii~til1~11J 48 11a~-iiimml'aBni1 60 ti ~iha . ' . 
28 1181\ilfo 3-4 cycle HDAC tto"!in 21 118 

Mfo 1 cycle HDAC ~am1i'inmwui11untj1J 

~ffivi'fu repetitive HDAC jj B"11lnl1tilvitUIJ.J'.i 

(CIR; cumulative incidence of relapse) Lri10'u 
43% ~-itl'a8ni1ntj1J~~M-l'u 1 cycle HDAC 
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~'ii~wrhnu 70"/, a81,iiirmhA'f)!rrn<1i\~ 
ci1u.i1 relapse-free survival (RFS) 1u~~hFiu 
repetitive HDAC iibb1Jl til'J.J~'ileiifi1\j'ni1 bbm 

a81' hnV11J.Jvmi1 overall survival 1u~t11a~' 
ffa' ntjJ.Jiifll hibb\ll nml,tllJ nl'll bA'llel1'iJaljo 

118' CIR bboe RFS LOJE11l'<Ji\~ survival analysis 

VllJ.J'lli11a' Kaplan-Meier hi'frniil,m1vJ1u~u~ 

3 bbae 4 m'lflnB1.i~,d<11ufrni1rm'rm11~u18 
AML 1mi1' consolidation therapy ii118m'l1'1i 

repetitive HDAC c;lllJl'lOoOJfl\il'llnl'lbflO!bUmh 

bbaeilu'ldl1'lllmw&ini1 regimen ~111' HDAC 
.... 3:: .., . d 

ll"'lEl'l 1 fl'1\lLL(;'l::!il1:JJ~1£J alternative therapy 'YI 

1,..,. 39,J "".t.J'., 
lJlJ cytarabine '11'1-ionl'll'IO'tllA'l,uffaOJ.iaa' 

Laddawan Senggunprai 

nm1a,1u11a' Tosi bbae.irue'° ~mh1 Hi1 

inv(16)!t(l6;16) blast cell ilm1lJbma 
d .J' IV t 

cytarabine bWlJlJ10111Jbbae cytarabine bTil\j DNA 

11a' blast cell Mmn~u uan•1ndifoilm'lflm11 

°l!El\l Braess Ui.'i::flru~41 l"l'Uil leukemia blast 1u 
~u1a inv( 16) !t(l 6; 16) AML il high 

proliferation rate ~'li:fB~fla'u-.1ilun1'Jl~:JJfll"J 
uptake Ell cytarabine L°2i'1~ DNA Lli.'i~L'lfi.'iflil 

m1J.J bmam cytarabine mn~u ~,;lb~a,•1n 
cytarabine LlhJ£Jltl".i::lil'YI S-phase specific drug 

a an q1'l~1'i'&i11rue~ L 'lfa<film1'1',bA'l1el1 DNA 

LVl°lalJ Hcl111fom'lbblhb'lfaa iii'li'u'.N liJmm'lo 1i 
m11i1V1~1J1'10Jbb1'11J cytarabinc 1um1'rnB1~tlw 
inv(l6)/t(16;16) AML hi' 

.. 
\lll'll~l'I 2 Treatment outcome of t(8;21)(q22;q22) patients by number of high dose cytarabine 

treatments 
38 

Treatment outcome measure 

Patients with AML relapse 

Number 

% 

Median remission duration (months) 

5-Year disease-free survival(%) 

95% confidence interval 

Median overall survival (months) 

5-Year overall survival ( o/o) 

95% confidence interval 

Median follow-up (years) 

081~hnV1llJfll'l1i repetitive HDAC il 

iJ il~ln OJ ?i il 111'1.i' bu w1"1 u fl' tl111~ il ill sii'il 11 ni1 " . 
::'I d "" ""' ' 1• .l' 60 u b1Jil1'110lJfll'l'10BlWU11 nl'l 'If regimen 1J 

1u~~ilo1~mnni1"H'lmvhnu 60 1'.hh11hnOJ 

illOWWBmil'leUUU'le511'J~'j1Jbb'l," vi1m11V1d~~ . . 

High dose cytarabine 

One cycle ~ 3 cycles 
p 

18 4 0.004 

62 19 

10.5 >35 0.03 

38 71 

19-62 44-89 

24.3 ,43 0.04 

44 76 

23-67 48-92 

4.7 5.6 

ilfl''llfl,11Jfll'l1'1f intermediate dose cytarabine 
" 

(2 x 1 g/m
2 IV day 1, 3 bbae 5) '1111-i'"U 

consolidation therapy 1ufl'tl111m.ilJal!JJ.Jlnni1 " . . 
~I ,J <'1 .I ' • .I ~ 1 • 60 u 'IMLu1J~1JlOJU11'1Aau1111u<1il~lmbrne OJ 

t:-Ji;in11-!ni;1~&l 43 
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