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Abstract
Objective; The quantitative effects of formulation and processing variables affecting the binding properties of 
Chinese yam starch ( Dioscorea oppositifolia) in chloroquine phosphate tablet formulations have been investiga
ted in comparison with com  starch using a 23 factorial experimental design. Methods: Chinese yam starch, re
presenting the "low " level, and com  starch, representing the "high" level were used as binders at concentra
tions of 2. 5 %  w /w  and 10 %  w /w  in chloroquine phosphate tablet formulations. The mechanical properties of 
the tablets, measured by the tensile strength ( T ) and brittle fracture index ( BFI) as well as the release prop
erties measured by the disintegration time (D T ) and dissolution time ( t g0- time for 80 % drug release) , were 
used as assessment parameters. Results;The ranking of the individual coefficient values for the formulations on 
T was D > N » C , on BFI was N > D » C , on DT was D > N > C and on t80 was C > N > D while the ranking 
of the interaction coefficient on T was N-D > C-D »  N -C , on BFI was N-D > N-C = C-D , on DT and t80 
was N-C > N-D > C-D. Changing the binding agent from Chinese to com  starch, led to a decrease in T , DT 
and tg0 but increase in BFI of the tablets. There were significant (P  < 0 . 001) interactions between the nature 
of binder, N and the other two variables, C and D. Conclusion;The result showed that Chinese yam possessed 
stronger binding capacity than com  starch and could be useful as an alternative binder when tablets with high 
mechanical strength with minimal problems of lamination, and slow release are required.
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INTRODUCTION
Starches are of commercial importance in the food 
and phamiaceutical industries because of their inert
ness, abundance and cheapness. Commercial star
ches obtained from cereals ( corn , waxy co m , high 
amylose co m , wheat and various rices) , tubers and 
roots ( particularly potato and cassava) are used as 
diluents, binders and disintegrants in drug formula-
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tiontl] . With the versatility of starches in various 
solid dosage forms, there is the need to continue to 
develop new starch excipients with suitable proper
ties to meet the special needs of drug formulators.

Tropical yam tubers (Family Dioscoreaceae) are 
potential source of industrial starch because of their 
high starch content ( about 50 - 80 %  w /w ) ^ . One 
of the species cultivated in many parts of Africa and 
Southeast Asia is Dioscorea oppositifolia ( Chinese 
yam) , which has been used in Chinese medicine as 
an invigorant 3 . D. oppositifolia L. , (a lso known 
as D. opposita Thunb) , is a perennial twining vine 
which has a deep, persistent root-like tuber that can 
be 1 m long and weigh up to several kilograms. 
Aboveground, it has round slender stems that twine
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２４％ ｗ／ｗ．Ｐａｒｔｉｃｌｅｄｅｎｓｉｔｉｅｓｗｅｒｅｄｅｔｅｒｍｉｎｅｄｂｙ
ｔｈｅｐｙｃｎｏｍｅｔｅｒｍｅｔｈｏｄ，ｕｓｉｎｇｘｙｌｅｎｅａｓｔｈｅｄｉｓ
ｐｌａｃｅｍｅｎｔｆｌｕｉｄ．

Ｐｒｅｐａｒａｔｉｏｎｏｆｔａｂｌｅｔｓ
Ｑｕａｎｔｉｔｉｅｓ（５００ｍｇ）ｏｆｇｒａｎｕｌｅｓｗｉｔｈｉｎｔｈｅｓｉｚｅ
ｒａｎｇｅｏｆ７１０１０００μｍｗｅｒｅｃｏｍｐｒｅｓｓｅｄｆｏｒ３０ｓｅｃ
ｏｎｄｓｉｎｔｏｔａｂｌｅｔｓｗｉｔｈｐｒｅｄｅｔｅｒｍｉｎｅｄｌｏａｄｓｏｎａＣａｒｖ
ｅｒｈｙｄｒａｕｌｉｃｐｒｅｓｓ（ｍｏｄｅｌＣ，Ｃａｒｖｅｒｉｎｃ．Ｍｅｎｏｍ
ｏｎｅｅＦａｌｌｓ，ＷＩＳ）ｕｓｉｎｇａ１０．５ｍｍｄｉｅａｎｄｆｌａｔ
ｆａｃｅｄｐｕｎｃｈｅｓｌｕｂｒｉｃａｔｅｄｗｉｔｈａ１％ ｄｉｓｐｅｒｓｉｏｎｏｆ
ｍａｇｎｅｓｉｕｍｓｔｅａｒａｔｅｉｎａｃｅｔｏｎｅｂｅｆｏｒｅｅａｃｈｃｏｍｐｒｅｓ
ｓｉｏｎ．Ａｆｔｅｒｅｊｅｃｔｉｏｎ，ｔｈｅｔａｂｌｅｔｓｗｅｒｅｓｔｏｒｅｄｏｖｅｒｓｉｌ
ｉｃａｇｅｌｆｏｒ２４ｈｏｕｒｓｔｏａｌｌｏｗｆｏｒｅｌａｓｔｉｃｒｅｃｏｖｅｒｙａｎｄ
ｈａｒｄｅｎｉｎｇ．Ｔｈｅｗｅｉｇｈｔｓ（ｗ）ａｎｄｄｉｍｅｎｓｉｏｎｓｏｆｔｈｅ

·２·
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２００９．ＡｓｉａｎＰａｃｉｆｉｃＪｏｕｒｎａｌｏｆＴｒｏｐｉｃａｌＭｅｄｉｃｉｎｅ．　　　　　

ｔａｂｌｅｔｓｗｅｒｅｔｈｅｎｄｅｔｅｒｍｉｎｅｄｔｏｗｉｔｈｉｎ±１ｍｇａｎｄ
０．０１ｍｍｒｅｓｐｅｃｔｉｖｅｌｙ，ａｎｄｔｈｅｉｒｒｅｌａｔｉｖｅｄｅｎｓｉｔｉｅｓ，
Ｄ，ｗｅｒｅｃａｌｃｕｌａｔｅｄｕｓｉｎｇｔｈｅｅｑｕａｔｉｏｎ：

Ｄ＝ｗ／Ｖｔ．ρｓ （１）

ｗｈｅｒｅＶｔｉｓｔｈｅｖｏｌｕｍｅ，ｃｍ
３，ｏｆｔｈｅｔａｂｌｅｔｉｎｃｌｕｄｉｎｇ

ｔｈｅｈｏｌｅｗｈｅｎｐｒｅｓｅｎｔａｎｄρｓｉｓｔｈｅｐａｒｔｉｃｌｅｄｅｎｓｉｔｙ，
ｇｃｍ３，ｏｆｔｈｅｓｏｌｉｄｍａｔｅｒｉａｌ．

Ｔｅｓｔｉｎｇ
Ｔｈｅｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈｏｆｔｈｅｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅ
ｔａｂｌｅｔｓ（Ｔ）ｗａｓｄｅｔｅｒｍｉｎｅｄａｔｒｏｏｍｔｅｍｐｅｒａｔｕｒｅｂｙ
ｄｉａｍｅｔｒａｌｃｏｍｐｒｅｓｓｉｏｎ ［１３］ｕｓｉｎｇａｈａｒｄｎｅｓｓｔｅｓｔｅｒ
（ＫｅｔａｎＳｃｉｅｎｔｉｆｉｃ＆Ｃｈｅｍｉｃａｌｓ，Ａｈｍｅｄｅｂａｄ，Ｉｎｄｉ
ａ）．Ｔｈｅｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈｏｆｔｈｅｔａｂｌｅｔｗａｓｔｈｅｎｃａｌｃｕ
ｌａｔｅｄｆｒｏｍｔｈｅｅｑｕａｔｉｏｎ：

Ｔ＝２Ｌ／πｄｈ （２）

ｗｈｅｒｅＴｉｓｔｈｅｒａｄｉａｌｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈ，Ｌｉｓｔｈｅｌｏａｄ
ｎｅｅｄｅｄｔｏｂｒｅａｋｔｈｅｔａｂｌｅｔ，ｄｉｓｔｈｅｔａｂｌｅｔｄｉａｍｅｔｅｒ
ａｎｄｈｉｓｔｈｅｔａｂｌｅｔｔｈｉｃｋｎｅｓｓ［１３］．Ｒｅｓｕｌｔｓｗｅｒｅｔａｋｅｎ
ｏｎｌｙｆｒｏｍｔａｂｌｅｔｓｗｈｉｃｈｓｐｌｉｔｃｌｅａｎｌｙｉｎｔｏｔｗｏｈａｌｖｅｓ
ｗｉｔｈｏｕｔａｎｙｓｉｇｎｏｆｌａｍｉｎａｔｉｏｎ．Ａｌｌｍｅａｓｕｒｅｍｅｎｔｓ
ｗｅｒｅｍａｄｅｉｎｑｕａｄｒｕｐｌｉｃａｔｅｓａｎｄｔｈｅｒｅｓｕｌｔｓｇｉｖｅｎ
ａｒｅｔｈｅｍｅａｎｏｆｓｅｖｅｒａｌｄｅｔｅｒｍｉｎａｔｉｏｎｓ．
　Ｔｈｅｂｒｉｔｔｌｅｆｒａｃｔｕｒｅｉｎｄｅｘ（ＢＦＩ）ｖａｌｕｅｓｏｆｔｈｅｔａｂ
ｌｅｔｓｗｅｒｅｃａｌｃｕｌａｔｅｄｆｒｏｍｔｈｅｅｑｕａｔｉｏｎ：

ＢＦＩ＝０．５［（Ｔ／Ｔｏ）－１］ （３）

ｗｈｅｒｅＴｉｓｔｈｅｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈｏｆｔｈｅｔａｂｌｅｔｗｉｔｈｏｕｔａ
ｈｏｌｅａｎｄＴｏｉｓｔｈｅｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈｏｆａｔａｂｌｅｔｗｉｔｈａ
ｈｏｌｅ．

Ｄｉｓｉｎｔｅｇｒａｔｉｏｎａｎｄｄｉｓｓｏｌｕｔｉｏｎｔｅｓｔ
Ｔｈｅｄｉｓｉｎｔｅｇｒａｔｉｏｎｔｉｍｅｏｆｔｈｅｔａｂｌｅｔｓｗａｓｄｅｔｅｒｍｉｎｅｄ
ｉｎｄｉｓｔｉｌｌｅｄｗａｔｅｒａｔ３７±０．５℃ ｕｓｉｎｇａｄｉｓｉｎｔｅｇｒａ
ｔｉｏｎｔｅｓｔｅｒ（ＶｅｅｇｏＳｃｉｅｎｔｉｆｉｃｄｅｖｉｃｅｓ，Ｍｕｍｂａｉ，Ｍａ
ｈａｒａｓｈｔｒａ，Ｉｎｄｉａ）．Ｄｅｔｅｒｍｉｎａｔｉｏｎｓｗｅｒｅｄｏｎｅｉｎ
ｑｕａｄｒｕｐｌｉｃａｔｅｓ．
　Ｄｉｓｓｏｌｕｔｉｏｎｔｅｓｔｗａｓｃａｒｒｉｅｄｏｕｔｏｎｔｈｅｔａｂｌｅｔｓｕ
ｓｉｎｇｔｈｅＵＳＰＸＸＩＩＩｂａｓｋｅｔｍｅｔｈｏｄ（ＨａｎｓｏｎＭｏｄｅｌ
７２ＲＬ，Ｕ．Ｓ．Ａ）ｒｏｔａｔｅｄａｔ１００ｒｐｍｉｎ９００ｍＬｏｆ
０．１ＭＨＣＬ，ｍａｉｎｔａｉｎｅｄａｔ３７±０．５℃．Ｓａｍｐｌｅｓ
（５ｍＬ）ｗｅｒｅｗｉｔｈｄｒａｗｎａｎｄｒｅｐｌａｃｅｄｗｉｔｈｅｑｕａｌａ
ｍｏｕｎｔｓｏｆｆｒｅｓｈｍｅｄｉｕｍ．Ｔｈｅｓａｍｐｌｅｗａｓｄｉｌｕｔｅｄ
ａｎｄｔｈｅａｍｏｕｎｔｏｆｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｒｅｌｅａｓｅｄ
ｗａｓｄｅｔｅｒｍｉｎｅｄａｔｗａｖｅｌｅｎｇｔｈｏｆ２５５ｎｍ，ｕｓｉｎｇａ
ＵＶ／ｖｉｓｉｂｌｅｓｐｅｃｔｒｏｐｈｏｔｏｍｅｔｅｒ（ＰｈｉｌｌｉｐｓＰｙｅＵｎｉ

ｃａｍ，ＰＵ８６１０Ｋｉｎｅｔｉｃｓ，Ｓａｒｏｓｅｓｃｉｅｎｔｉｆｉｃｉｎｓｔｒｕ
ｍｅｎｔｓ，Ｃａｍｂｒｉｄｇｅ，Ｕ．Ｋ．）．Ｄｅｔｅｒｍｉｎａｔｉｏｎｓｗｅｒｅ
ｄｏｎｅｉｎｔｒｉｐｌｉｃａｔｅｓ．

ＦａｃｔｏｒｉａｌＥｘｐｅｒｉｍｅｎｔａｌＤｅｓｉｇｎ
Ａｆａｃｔｏｒｉａｌｅｘｐｅｒｉｍｅｎｔａｌｄｅｓｉｇｎｗａｓｕｓｅｄｔｏｓｔｕｄｙｔｈｅ
ｅｆｆｅｃｔｓｏｆｎａｔｕｒｅｏｆｂｉｎｄｅｒ（ｄｅｎｏｔｅｄｂｙＮ），ｃｏｎｃｅｎ
ｔｒａｔｉｏｎｏｆｂｉｎｄｅｒ（ｄｅｎｏｔｅｄｂｙＣ）ａｎｄｒｅｌａｔｉｖｅｄｅｎｓｉｔｙ
（ｄｅｎｏｔｅｄｂｙＤ）ｏｎｔｈｅｍｅｃｈａｎｉｃａｌａｎｄｒｅｌｅａｓｅｐｒｏｐ
ｅｒｔｉｅｓｏｆｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓ［６］．Ｔｈｅｂａｓｉｓ
ｏｆｔｈｅｅｘｐｅｒｉｍｅｎｔａｌｄｅｓｉｇｎｗａｓｔｈａｔｅａｃｈｏｆｔｈｅｔｈｒｅｅ
ｖａｒｉａｂｌｅｓｗａｓｕｔｉｌｉｚｅｄａｔａ＂ｈｉｇｈ＂ｌｅｖｅｌ（ｄｅｎｏｔｅｄｂｙ
ｔｈｅｓｕｂｓｃｒｉｐｔ，Ｈ）ａｎｄａ＂ｌｏｗ＂ｌｅｖｅｌ（ｄｅｎｏｔｅｄｂｙ
ｔｈｅｓｕｂｓｃｒｉｐｔ，Ｌ）．Ｔｈｅｎｕｍｂｅｒｏｆｅｘｐｅｒｉｍｅｎｔｓｉｎｔｈｅ
ｄｅｓｉｇｎｗａｓ２３＝８．
　Ｕｓｉｎｇｔｈｅａｂｏｖｅｎｏｍｅｎｃｌａｔｕｒｅ，ｔｈｅｖａｒｉｏｕｓｃｏｍｂｉ
ｎａｔｉｏｎｓｂｅｔｗｅｅｎｔｈｅｖａｒｉａｂｌｅｓｕｓｅｄｉｎｔｈｅｄｅｓｉｇｎ
ｗｅｒｅ：

ＮＬＣＬＤＬ，ＮＬＣＬＤＨ，ＮＬＣＨＤＬ，ＮＬＣＨＤＨ
ＮＨＣＨＤＨ，ＮＨＣＨＤＬ，ＮＨＣＬＤＨ，ＮＨＣＬＤＬ
ＮＬ＝Ｎａｔｕｒｅｏｆｂｉｎｄｅｒ（Ｃｈｉｎｅｓｅｙａｍｓｔａｒｃｈ）
ＮＨ＝Ｎａｔｕｒｅｏｆｂｉｎｄｅｒ（ｃｏｒｎｓｔａｒｃｈ）
ＣＬ＝Ｃｏｎｃｅｎｔｒａｔｉｏｎｏｆｂｉｎｄｅｒ（２．５％）
ＣＨ＝Ｃｏｎｃｅｎｔｒａｔｉｏｎｏｆｂｉｎｄｅｒ（１０％）
ＤＬ＝Ｒｅｌａｔｉｖｅｄｅｎｓｉｔｙｏｆ０．８０
ＤＨ＝Ｒｅｌａｔｉｖｅｄｅｎｓｉｔｙｏｆ０．９０

Ｂｙｇｒｏｕｐｉｎｇｔｈｅｒｅｓｕｌｔｓｉｎｔｏａｎｕｍｂｅｒｏｆｓｅｔｓ，ｉｔｗａｓ
ｐｏｓｓｉｂｌｅｔｏａｓｓｅｓｓｔｈｅｅｆｆｅｃｔｓｔｈａｔｅａｃｈｏｆｔｈｅｔｈｒｅｅ
ｖａｒｉａｂｌｅｓｈａｄｓｅｐａｒａｔｅｌｙｏｎｔｈｅｍｅｃｈａｎｉｃａｌａｎｄｒｅ
ｌｅａｓｅｐｒｏｐｅｒｔｉｅｓｏｆｔｈｅｔａｂｌｅｔｓａｎｄａｌｓｏｔｏｄｅｔｅｒｍｉｎｅ
ｗｈｅｔｈｅｒｔｈｅｖａｒｉａｂｌｅｓｗｅｒｅｉｎｔｅｒａｃｔｉｎｇｏｒａｃｔｉｎｇｉｎｄｅ
ｐｅｎｄｅｎｔｌｙｏｆｅａｃｈｏｔｈｅｒ．
　ＴｈｅｅｆｆｅｃｔｓｏｆｉｎｃｒｅａｓｉｎｇＮ，ｆｒｏｍｉｔｓ＂ｌｏｗ＂ｌｅｖｅｌ
ｔｏｉｔｓ＂ｈｉｇｈ＂ｌｅｖｅｌｏｎｔｈｅｖａｒｉｏｕｓｐａｒａｍｅｔｅｒｓｗｅｒｅ
ｆｏｕｎｄｂｙｓｕｍｍｉｎｇａｌｌｔｈｅｒｅｓｕｌｔｓ（ＴｏｒＢＦＩｏｒＤＴｏｒ
ｔ８０）ｏｆｓａｍｐｌｅｓｃｏｎｔａｉｎｉｎｇ＂ｈｉｇｈ＂ｌｅｖｅｌｏｆＮａｎｄ
ｓｕｂｔｒａｃｔｉｎｇｔｈｅｓｕｍｏｆｔｈｅｒｅｓｕｌｔｓｏｆｓａｍｐｌｅｓｃｏｎｔａｉ
ｎｉｎｇ＂ｌｏｗ＂ｌｅｖｅｌｓｏｆＮ．Ｔｈａｔｉｓ：

１／４［（ＮＨＣＨＤＨ＋ＮＨＣＬＤＨ＋ＮＨＣＨＤＬ＋ＮＨＣＬＤＬ）
－（ＮＬＣＬＤＬ＋ＮＬＣＨＤＬ＋ＮＬＣＬＤＨ＋ＮＬＣＨＤＨ）］

　Ｔｈｅａｍｏｕｎｔｂｙｗｈｉｃｈｔｈｅｒｅｓｕｌｔｏｆｔｈｉｓｔｒｅａｔｍｅｎｔ
ｄｅｐａｒｔｅｄｆｒｏｍｚｅｒｏ，ｉｒｒｅｓｐｅｃｔｉｖｅｏｆｗｈｅｔｈｅｒｐｏｓｉｔｉｖｅ
ｏｒｎｅｇａｔｉｖｅｗａｓａｑｕａｎｔｉｔａｔｉｖｅｍｅａｓｕｒｅｏｆｔｈｅｅｆｆｅｃｔｏｆ
Ｎｏｎｔｈｅｖａｌｕｅｓｏｆｔｈｅｒｅｌｅｖａｎｔｐａｒａｍｅｔｅｒ．Ｓｉｍｉｌａｒ
ｅｘｐｒｅｓｓｉｏｎｓｗｅｒｅｕｓｅｄｆｏｒｆｉｎｄｉｎｇｔｈｅｅｆｆｅｃｔｓｏｆＣａｎｄ
Ｄ．
　Ｔｏｄｅｔｅｒｍｉｎｅｗｈｅｔｈｅｒｔｈｅｒｅｗａｓａｎｙｉｎｔｅｒａｃｔｉｏｎ

·３·

　　　　　　　　　　　　　　　　　

ＡｓｉａｎＰａｃＪＴｒｏｐＭｅｄ
２００９；２（６）：１７
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ｂｅｔｗｅｅｎｔｗｏｖａｒｉａｂｌｅｓ，ｔｈｅＴ（ｏｒＢＦＩｏｒＤＴｏｒｔ８０）
ｒｅｓｕｌｔｓｏｆｔｈｅｃｏｍｂｉｎａｔｉｏｎｓｉｎｗｈｉｃｈｔｈｅｙａｐｐｅａｒｔｏ
ｇｅｔｈｅｒａｔｅｉｔｈｅｒ＂ｈｉｇｈ＂ｏｒ＂ｌｏｗ＂ｌｅｖｅｌｓｗｅｒｅ
ｓｕｍｍｅｄａｎｄｔｈｅｓｕｍｏｆｏｔｈｅｒｃｏｍｂｉｎａｔｉｏｎｓｓｕｂｔｒａｃ
ｔｅｄｆｒｏｍｔｈｉｓｔｏｏｂｔａｉｎｔｈｅｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔ．Ｆｏｒ
ｅｘａｍｐｌｅ，ｆｏｒＮａｎｄＣ：

１／４［（ＮＨＣＨＤＬ＋ＮＨＣＨＤＨ＋ＮＬＣＬＤＨ＋ＮＬＣＬＤＬ）
－（ＮＨＣＬＤＨ＋ＮＨＣＬＤＬ＋ＮＬＣＨＤＬ＋ＮＬＣＨＤＨ）］

Ａｒｅｓｕｌｔｏｆｚｅｒｏｉｎｄｉｃａｔｅｓｎｏｉｎｔｅｒａｃｔｉｏｎ，ｂｕｔｉｆｔｈｅ
ｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔｉｓｓｉｇｎｉｆｉｃａｎｔｌｙｒｅｍｏｖｅｄｆｒｏｍ
ｚｅｒｏ，ｉｔｃａｎｂｅｃｏｎｃｌｕｄｅｄｔｈａｔｔｈｅｔｗｏｖａｒｉａｂｌｅｓｃｏｎ
ｃｅｒｎｅｄａｒｅｉｎｔｅｒａｃｔｉｎｇｗｉｔｈｅａｃｈｏｔｈｅｒ．Ｔｈｅｅｘｔｅｎｔｏｆ
ｒｅｍｏｖａｌｆｒｏｍｚｅｒｏｉｓａｍｅａｓｕｒｅｏｆｉｎｔｅｒａｃｔｉｏｎ．Ｓｉｍｉ
ｌａｒｅｘｐｒｅｓｓｉｏｎｓｗｅｒｅｕｓｅｄｆｏｒｅｓｔｉｍａｔｉｎｇｔｈｅｉｎｔｅｒａｃ
ｔｉｏｎｂｅｔｗｅｅｎＮａｎｄＤ，ａｎｄｂｅｔｗｅｅｎＣａｎｄＤ．

Ｓｔａｔｉｓｔｉｃａｌａｎａｌｙｓｉｓ
Ｓｔａｔｉｓｔｉｃａｌａｎａｌｙｓｉｓｗａｓｃａｒｒｉｅｄｏｕｔｕｓｉｎｇｔｈｅａｎａｌｙｓｉｓ
ｏｆｖａｒｉａｎｃｅ（ＡＮＯＶＡ）ａｎｄＴｕｋｅｙＫｒａｍｅｒｍｕｌｔｉｐｌｅ
ｃｏｍｐａｒｉｓｏｎｔｅｓｔｓｏｎａｃｏｍｐｕｔｅｒｓｏｆｔｗａｒｅＧｒａｐｈＰａｄ
Ｐｒｉｓｍ ４（ＧｒａｐｈＰａｄＳｏｆｔｗａｒｅＩｎｃ．ＳａｎＤｉｅｇｏ，
ＵＳＡ）．

ＲＥＳＵＬＴＳ

Ｔｈｅｒｅｐｒｅｓｅｎｔａｔｉｖｅｐｌｏｔｓｏｆｌｏｇｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈ，ｂｒｉｔ
ｔｌｅｆｒａｃｔｕｒｅｉｎｄｅｘ（ＢＦＩ）ａｎｄｄｉｓｉｎｔｅｇｒａｔｉｏｎｔｉｍｅ
（ＤＴ）ｖｅｒｓｕｓｒｅｌａｔｉｖｅｄｅｎｓｉｔｙ（ＲＤ）ｆｏｒｃｈｌｏｒｏｑｕｉｎｅ
ｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓｃｏｎｔａｉｎｉｎｇ１０％ ｗ／ｗｏｆｔｈｅｓｔａｒｃｈ
ｂｉｎｄｉｎｇａｇｅｎｔｓａｒｅｐｒｅｓｅｎｔｅｄｉｎＦｉｇｕｒｅｓ１，２ａｎｄ３
ｒｅｓｐｅｃｔｉｖｅｌｙ，ｗｈｉｌｅｔｈｅｄｉｓｓｏｌｕｔｉｏｎｐｒｏｆｉｌｅｓｏｆｔｈｅｔａｂ
ｌｅｔｓａｒｅｐｒｅｓｅｎｔｅｄｉｎＦｉｇｕｒｅ４．ＴｈｅｖａｌｕｅｓｏｆＴ，

ＢＦＩ，ＤＴａｎｄｔ８０（ｔｈｅｔｉｍｅｒｅｑｕｉｒｅｄｆｏｒ８０％ｏｆｃｈｌｏ
ｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔｏｂｅｒｅｌｅａｓｅｄ）ａｔｔｗｏｓｅｌｅｃｔｅｄ
ｒｅｌａｔｉｖｅｄｅｎｓｉｔｙｖａｌｕｅｓｏｆ０．８ａｎｄ０．９，ｗｈｉｃｈａｒｅ
ｒｅｐｒｅｓｅｎｔａｔｉｖｅｏｆｔｈｅｒａｎｇｅｏｆｒｅｌａｔｉｖｅｄｅｎｓｉｔｙｖａｌｕｅｓ
ｎｏｒｍａｌｌｙａｃｈｉｅｖｅｄｆｏｒｃｏｍｍｅｒｃｉａｌｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓ
ｐｈａｔｅｔａｂｌｅｔｓ，ｕｓｅｄｆｏｒｔｈｅｆａｃｔｏｒｉａｌｅｘｐｅｒｉｍｅｎｔ，ａｒｅ
ｐｒｅｓｅｎｔｅｄｉｎＴａｂｌｅ１．Ｔｈｅｓｅｖａｌｕｅｓｗｅｒｅｕｓｅｄｔｏｃａｌ
ｃｕｌａｔｅｔｈｅｉｎｄｉｖｉｄｕａｌａｎｄｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔｓｆｏｒ
ｔｈｅｖａｒｉａｂｌｅｓｕｓｉｎｇｔｈｅｒｅｌｅｖａｎｔｅｑｕａｔｉｏｎｓ．Ｔｈｅｉｎｄｉ
ｖｉｄｕａｌａｎｄｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔｖａｌｕｅｓａｒｅｐｒｅｓｅｎ
ｔｅｄｉｎＴａｂｌｅ２．Ｔｈｅｓｅｖａｌｕｅｓｐｒｏｖｉｄｅａｃｌｅａｒｉｎｄｉｃａ
ｔｉｏｎｏｆｔｈｅｑｕａｎｔｉｔａｔｉｖｅｅｆｆｅｃｔｓｏｆｔｈｅｔｈｒｅｅｖａｒｉａｂｌｅｓ
ｓｔｕｄｉｅｄｏｎｔｈｅｍｅｃｈａｎｉｃａｌｓｔｒｅｎｇｔｈａｎｄｔｈｅｄｒｕｇｒｅ
ｌｅａｓｅｐｒｏｐｅｒｔｉｅｓｏｆｔｈｅｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂ
ｌｅｔｓ．

Ｔａｂｌｅ１　Ｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈ（Ｔ）ｂｒｉｔｔｌｅｆｒａｃｔｕｒｅｉｎｄｅｘ（ＢＦＩ），
ｄｉｓｉｎｔｅｇｒａｔｉｏｎｔｉｍｅ（ＤＴ）ａｎｄｄｉｓｓｏｌｕｔｉｏｎｔｉｍｅ（ｔ８０）ｏｆｃｈｌｏｒｏ
ｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓｆｏｒｔｈｅｆａｃｔｏｒｉａｌｅｘｐｅｒｉｍｅｎｔａｌｄｅｓｉｇｎ．

Ｖａｒｉａｂｌｅｓａｎｄ
ｃｏｍｂｉｎａｔｉｏｎ
ｃｏｄｅｓ

Ｔｅｎｓｉｌｅ
ｓｔｒｅｎｇｔｈ
（ＭＮｍ－２）

Ｂｒｉｔｔｌｅ
ｆｒａｃｔｕｒｅ
ｉｎｄｅｘ

Ｄｉｓｉｎｔｅｇｒａｔｉｏｎ
ｔｉｍｅ（ｍｉｎ）

ｔ８０（ｍｉｎ）

ＮＬＣＬＤＬ ０．５９８ ０．１２０ １．２０ １８．５０
ＮＬＣＬＤＨ １．２８６ ０．１３６ ９．２５ ３６．２５
ＮＬＣＨＤＬ ０．６２３ ０．２４８ １１．００ ５０．００
ＮＬＣＨＤＨ １．９６７ ０．１００ ２６．２５ ８３．５０
ＮＨＣＬＤＬ ０．３４５ ０．７２５ ０．６０ １４．５０
ＮＨＣＬＤＨ ０．９３０ ０．３９９ ６．６０ ３１．００
ＮＨＣＨＤＬ ０．６１５ ０．６９１ １．２０ ２２．００
ＮＨＣＨＤＨ １．１５５ ０．３０７ ７．３０ ３７．００

Ｔａｂｌｅ２　Ｉｎｄｉｖｉｄｕａｌａｎｄｉｎｔｅｒａｃｔｉｏｎｅｆｆｅｃｔｓｏｆｎａｔｕｒｅｏｆｓｔａｒｃｈｂｉｎｄｅｒ（Ｎ），ｃｏｎｃｅｎｔｒａｔｉｏｎｏｆｓｔａｒｃｈｂｉｎｄｅｒ（Ｃ）ａｎｄｒｅｌａｔｉｖｅｄｅｎｓｉｔｙ
（Ｄ），ｏｎｔｈｅｍｅｃｈａｎｉｃａｌａｎｄｄｒｕｇｒｅｌｅａｓｅｐｒｏｐｅｒｔｉｅｓｏｆｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓ．

Ｖａｒｉａｂｌｅｓ Ｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈ
（ＭＮｍ－２）

Ｂｒｉｔｔｌｅ
ｆｒａｃｔｕｒｅｉｎｄｅｘ

Ｄｉｓｉｎｔｅｇｒａｔｉｏｎ
ｔｉｍｅ（ｍｉｎ）

ｔ８０（ｍｉｎ）

Ｉｎｄｅｐｅｎｄｅｎｔｃｏｅｆｆｉｃｉｅｎｔ Ｎ －０．３６ ０．３８ －８．００ －２０．９４
Ｃ ０．３０ －０．０１ ７．０３ ２３．０６
Ｄ ０．７９ －０．２１ ８．８５ ２０．６９
Ｐ Ｐ＜０．００１ Ｐ＜０．００１ Ｐ＜０．０１ Ｐ＜０．０１

Ｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔ Ｎ－Ｃ －０．０５ －０．０６ －６．３８ －１６．３１
Ｎ－Ｄ －０．２３ －０．１５ －２．８０ －４．９４
Ｃ－Ｄ ０．１５ －０．０６ １．８３ ３．５６
Ｐ Ｐ＜０．００１ Ｐ＜０．００１ Ｐ＜０．００１ Ｐ＜０．００１

·４·

ＯｌｕｗａｔｏｙｉｎＡ．Ｏｄｅｋｕ，ｅｔａｌ．ＢｉｎｄｉｎｇｐｒｏｐｅｒｔｉｅｓｏｆＣｈｉｎｅｓｅｙａｍａｎｄｃｏｒｎｓｔａｒｃｈｅｓ
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２００９．ＡｓｉａｎＰａｃｉｆｉｃＪｏｕｒｎａｌｏｆＴｒｏｐｉｃａｌＭｅｄｉｃｉｎｅ．　　　　　

　Ｉｎｃｏｍｐａｒｉｎｇｔｈｅｆｏｒｍｕｌａｔｉｏｎｓ，ｔｈｅｒａｎｋｉｎｇｏｆｔｈｅ
ｉｎｄｉｖｉｄｕａｌ（ｉｎｄｅｐｅｎｄｅｎｔ）ｃｏｅｆｆｉｃｉｅｎｔｖａｌｕｅｓｆｏｒｔｈｅ
ｆｏｒｍｕｌａｔｉｏｎｓｏｎＴｗａｓＤ＞ＮＣ，ｏｎＢＦＩｗａｓＮ＞
ＤＣ，ｏｎＤＴｗａｓＤ＞Ｎ＞Ｃａｎｄｏｎｔ８０ｗａｓＣ＞Ｎ
＞Ｄｗｈｉｌｅｔｈｅｒａｎｋｉｎｇｏｆｔｈｅｉｎｔｅｒａｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔ
ｏｎＴｗａｓＮＤ＞ＣＤ ＮＣ，ｏｎＢＦＩｗａｓＮＤ ＞
ＮＣ＝ＣＤ，ｏｎＤＴａｎｄｔ８０ｗａｓＮＣ＞ＮＤ＞ＣＤ．
Ｔｈｅｒｅｗｅｒｅｓｉｇｎｉｆｉｃａｎｔ（Ｐ＜０．００１）ｉｎｔｅｒａｃｔｉｏｎｓｂｅ
ｔｗｅｅｎｔｈｅｎａｔｕｒｅｏｆｂｉｎｄｅｒ，Ｎａｎｄｔｈｅｏｔｈｅｒｔｗｏｖａｒｉ
ａｂｌｅｓ，ＣａｎｄＤ．

Ｆｉｇｕｒｅ１ＰｌｏｔｏｆＬｏｇａｒｉｔｈｍｏｆＴｅｎｓｉｌｅｓｔｒｅｎｇｔｈｖｅｒｓｕｓｒｅｌａｔｉｖｅ
ｄｅｎｓｉｔｙｆｏｒｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓｃｏｎｔａｉｎｉｎｇ１０％ｗ／
ｗｏｆｓｔａｒｃｈｂｉｎｄｅｒｗｉｔｈｈｏｌｅ（……）ａｎｄｗｉｔｈｏｕｔａｈｏｌｅ（＿＿
＿＿）ａｔｔｈｅｉｒｃｅｎｔｅｒ：■，Ｃｈｉｎｅｓｅｙａｍｓｔａｒｃｈａｎｄ▲，ｃｏｒｎ
ｓｔａｒｃｈ．

ＤＩＳＣＵＳＳＩＯＮ

ＴｈｅｉｎｆｌｕｅｎｃｅｏｆＮｏｎＴ，ＤＴａｎｄｔ８０ｗａｓｎｅｇａｔｉｖｅｉｎ
ｄｉｃａｔｉｎｇｔｈａｔｃｈａｎｇｉｎｇｔｈｅｂｉｎｄｉｎｇａｇｅｎｔｆｒｏｍＣｈｉ
ｎｅｓｅｙａｍｓｔａｒｃｈｗｈｉｃｈｒｅｐｒｅｓｅｎｔｅｄｔｈｅ＂ｌｏｗ＂ｌｅｖｅｌ
ｔｏｃｏｒｎｓｔａｒｃｈｗｈｉｃｈｒｅｐｒｅｓｅｎｔｓｔｈｅ＂ｈｉｇｈ＂，ｌｅｄｔｏａ
ｄｅｃｒｅａｓｅｉｎＴ，ＤＴａｎｄｔ８０ｂｕｔｉｎｃｒｅａｓｅｉｎＢＦＩｏｆｔｈｅ
ｔａｂｌｅｔｓ．Ｔｈｕｓ，Ｃｈｉｎｅｓｅｙａｍｓｔａｒｃｈｐｒｏｄｕｃｅｄｔａｂｌｅｔｓ
ｗｉｔｈｈｉｇｈｅｒｔｅｎｓｉｌｅｓｔｒｅｎｇｔｈａｎｄｌｏｎｇｅｒｄｉｓｉｎｔｅｇｒａｔｉｏｎ
ａｎｄｄｉｓｓｏｌｕｔｉｏｎｔｉｍｅｓｔｈａｎｔｈｅｔａｂｌｅｔｓｃｏｎｔａｉｎｉｎｇｃｏｒｎ
ｓｔａｒｃｈａｓｂｉｎｄｉｎｇａｇｅｎｔ．ＴｈｅｉｎｆｌｕｅｎｃｅｏｆＮｏｎＢＦＩ

Ｆｉｇｕｒｅ２Ｐｌｏｔｏｆｂｒｉｔｔｌｅｆｒａｃｔｕｒｅｉｎｄｅｘｖｅｒｓｕｓｒｅｌａｔｉｖｅｄｅｎｓｉｔｙ
ｆｏｒｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓｃｏｎｔａｉｎｉｎｇ１０％ｗ／ｗｏｆ
ｂｉｎｄｅｒ：■，Ｃｈｉｎｅｓｅｙａｍｓｔａｒｃｈａｎｄ▲，ｃｏｒｎｓｔａｒｃｈ．

Ｆｉｇｕｒｅ３ＰｌｏｔｏｆＤｉｓｉｎｔｅｇｒａｔｉｏｎｔｉｍｅｖｅｒｓｕｓｒｅｌａｔｉｖｅｄｅｎｓｉｔｙ
ｆｏｒｃｈｌｏｒｏｑｕｉｎｅｐｈｏｓｐｈａｔｅｔａｂｌｅｔｓｃｏｎｔａｉｎｉｎｇ１０％ｗ／ｗｏｆ
ｂｉｎｄｅｒ：■，Ｃｈｉｎｅｓｅｙａｍｓｔａｒｃｈａｎｄ▲，ｃｏｒｎｓｔａｒｃｈ．
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