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Project Title Effects of Light and Temperature ocn Stability of

Nifedipine Transdermal LCrug Delivery System

Name of Investigator : Assc. Prof. Waraporn Suwakul

Assc. prof. Suchada Prasertvithyakarn

Abstract

Effects of light and temperature on physical and chemical
stabilities of nifedipine transdermal drug delivery system using 40%
w/w Pluronic F-127 gel as polymer matrix in different conditions were
studied. Physical stability studies showed that the color of all
nifedipine gels with and without sodium bisulfite in various concen-
trations changed after exposure to accelerated light under fluores-
cent light and normal light. Meanwhile at temperature more than 50
degree celcius caused color change in nifedipine gel packed in light-
resistant container.

Spectrophotometric method was used for the determination of
nifedipine in gel preparations. Photodegradation of nifedipine in all
formulations followed first-order reaction. On exposure to accelerated
light, there were statistically significant differences among degra-
dation rate constants and shelf-lives of all nifedipine gels with and
without sodium bisulfite (p<0.05). The antioxidative efficacy of
sodium bisulfite could be ranked according to its concentration as
follows ¢ 0.30 and 0.50>0.10>0.05>0.00% w/w (p<0.05). The concentra-
ions of sodium bisulfite nedgatively correlated with the degradation
rate constants of nifedipine gels (p<0.10). The color of nifedipine

gel wrapped in aluminium foil showed no change and no degradation


http:0.50)0.10)0.05)0.00

occurred after exposure to accelerated light throughout 116 days

of this study.

Nifedipine €el, in light-resistant container, at room
temperature, 40, 50, 60 and 70 dedree celcius showed that the
degradation of nifedipine appeared to he first-order kinetic.
No degradation of nifedipine €el occurred at room temperature,
40 and 50 degree celcius. Meanwhile it degraded after 154 days

and 56 days of stcorage at 60 and 70 degree celcius,respectively.
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http:91.02+0.99
http:99.98+1.93
http:92.71+0.10
http:95.76+1.34
http:97.16+1.00
http:100.00+0.00
http:100.00+0.00
http:100.00+0.00
http:100.00+0.00

=} '
A1TINN 4 (an)

»

CCEERERT Lﬁﬂ%x%ué%utwﬁﬁuﬁtnﬁaaé“
1287 (7u) 3 4 5
0 100.00+0.00(100.00+0.00(100.00+0.00
0.02 97.51+1.34| 97.15+0.34 97.69+0.38
0.04 94.84+0.14| 96.34+0.31| 98.0940.62
0.08 87.74+0.89| 93.02+0.78| 92.74+0.11
0.17 77.9940.14| 85.17+1.05| 85.05+0.29
0.33 62.6040.73| 73.10+0.94| 73.67+0.52
1 26.04+0.86| 41.1440.74( 40.3240.45
1.25 20.72+0.42| 32.79+40.63| 32.1040.41
2 20.98+0.92| 31.50+2.07| 32.4740.53
3 20.75+0.48| 31.2341.50| 32.28+0.93
4 22.75+1.47| 31.57+0.36| 30.62+0.20
8 22.10+40.82| 30.3240.77| 31.75+0.80
12 21.71+1.53| 29.2340.45| 32.03+0.73
18 20.2640.50| 31.13+1.21| 30.78+2.38
20 22.14+1.20| 30.56+1.64| 28.40+0.51
27 23.33+0.88| 30.82+1.91] 28.7¢+0.49
34 22.63+2.05( 30.81+1.98| 28.78+1.06
a1 22.3941.64| 29.10+0.69| 29.09+0.34
56 21.20+0.91| 28.51+0.74| 28.47+0.78
71 23.17+0.34| 29.29+40.31| 28.74+0.46
86 20.394+0.70| 31.51+1.37| 29.31+0.70
116 21.39+0.74| 31.39+40.83| 29.96+1.886

s P =3
Mean + S.D. A1ANNTANEIH288798% 3 BIALAN
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http:29.96+1.86
http:29.31+0.70
http:28.74+0.46
http:28.47+0.78
http:29.09+0.34
http:28.78+1.06
http:28.7E+0.49
http:28.40+0.51
http:30.78+2.38
http:32.03+0.73
http:31.75+0.80
http:30.62+0.20
http:32.28+0.93
http:32.47+0.53
http:32.10+0.41
http:40.32+0.45
http:73.67+0.52
http:85.05+0.29
http:92.74+0.11
http:96.09+0.62
http:97.69:0.38
http:31.39+0.83
http:31.51+1.37
http:29.29+0.31
http:28.51+0.74
http:29.10+0.69
http:30.81+1.98
http:30.82+1.91
http:30.56+1.64
http:29.23.�.0.45
http:30.32+0.77
http:31.57+0.36
http:31.50+2.07
http:32.79+0.63
http:41.14+0.74
http:73.10+0.94
http:85.17+1.05
http:93.02+0.78
http:96.34+0.31
http:97.15+0.34
http:100.00+0.00
http:21.39+0.74
http:20.39+0.70
http:23.17+0.34
http:21.20+0.91
http:22.39+1.64
http:22.63.�.2.05
http:23.33+0.88
http:22.14+1.20
http:20.26+0.50
http:22.75+1.47
http:20.75+0.48
http:20.98+0.92
http:20.72+0.42
http:26.04+0.86
http:62.60+0.73
http:77.99+0.14
http:94.64+0.14
http:97.51+1.34
http:1100.00+0.ao
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M1974N 5 A1 Coefficients of Determination (r-) aYAITURUUUS
' d & f aal o« < i s ] o, g
1=wﬂ1qtﬂastﬁumﬁuLwawuntuaaagnumqaq ANRINIINUAD
£ & & aa < ] ™ ' ¥ ar & @& f
Lﬂa1tﬂua1utwawuntnaaagnutaaq LREATIFUNAUNBILUBT L HUR

-, nl -5 "o d‘ ]
1uLwaﬁunLnaaaQHUt1a1 Lua1usﬂ§wutnagnuﬁﬂ

Coefficients of Determination (r )™

gaiﬁﬂ?u USumtu il Wawy |e1aan13nunas ANRIVARLTD
< 1as ‘. o -
nlﬂﬁaagnuxqaﬁ tdagrduiurwawy

<} - e
ﬂl“aﬂﬂeﬂulqaq

1in 0.85099 0.9978 0.9448

1 0.8629 0.9971 0.9301
2 0.9219 0.9933 0.9838
3 0.9627 0.9978 0.9926
4 0.9855 0.9997 0.9875
5 0. 98 T-1 0.9999 0.9934

= WA’IINNITANET 3 A2BANY



33

5uﬁuqué

AU Majeed WA¥AME(6)WUIN 171 Soxrpsarararsluislaieluion1uea iio
Qﬂuaaaﬂnwaaﬂﬁﬁaat7&Lﬁu%tﬂuﬂﬁﬁ?ﬂﬂﬁuﬁuquéLﬁamaquLﬂuﬁuuﬁﬁﬂdw 4 x 10 °
TuaﬁéuauLﬂuﬂﬁﬁ%ﬂwﬁuﬁuwﬁaLﬂaﬂqwuuiuiuﬁﬁniw Foldwansefun1 7338109 Wang
WA Cheng(44) Faunin11idontosarsararaluisiiuluionueaiaara fudy
éwxﬂuﬂﬁﬁ?ﬂwﬁuﬁuwia uﬁtﬁaﬂaﬁutﬁuiuaa%uaanaﬁatﬁuﬂﬁﬁ?ﬂwﬁuﬁuqué

Eﬂﬁ 4-10 4aRIBINT AL TuTeninsAraannTiue o L Fusly Latud
Lﬁﬁ@@éﬁutlaﬁ uuiwmqﬁuﬁunaaniﬁﬂﬂaaﬁmﬁﬁﬁ¥uﬁqnuaaquanﬁaat%auaauaaﬂna
(@719 LN, 2-5 uay LU aaAew 3 2 A1 NaNAe Lﬁuﬂiﬂﬂuauamﬁﬁw§n
-%QHHQGTuﬂﬂﬁQSL%G(Eﬂ% 4 uay T-10) anaslutaetud 1 war 2 udaliiians
Goudnaalil Tuﬂmz%ﬂiwﬂmau%miﬁw%uéan;aaﬂﬂa(zﬂ% 5) svanailuiuh 12
war i Banas Soudnaa Ty

Sy ansulue $n1 7y Seute s lutuatuann T3S i dnsay Ldul Saa s
N19398%09 Thoma WAy Klimek(36) %a%nvwﬂaﬁumaﬁauaeu§n1utﬂaﬁutﬂaﬁn
Wa o wuiwtjaqﬂuao 40 win Tunldsiufanis Soaauinide 80 Liladi Sudua1s
AnnnT L Seuse T8N

Tuma3%aiunin (Aan17ulaulassnTt i Frueenns Fenve s udiuidio
Laawﬁqﬂuaauwuiu %ﬂ@ﬁ@LiaﬂQjﬂLﬁﬂﬂNQﬂﬂ8G1utﬂaﬁu1uLQﬂﬁu Sotud o144
uInua9n T Fou L Sushunurosn1T i Fosues ludiingaa zﬂ% 1 tﬁuzﬂﬁuamanwi
aﬂ?ﬂuL%ﬂﬂﬂﬁ?téaumaaiuaﬂaﬁutaaqnﬁﬂﬁﬁw¥uLﬂaQﬂuaa 0-12 3% WU LQU
ﬂ?ﬁﬂﬂaﬂlﬂ&éﬂﬂuﬂﬂﬂﬂaﬁuUﬁaﬂﬁGumﬂﬁﬂﬂﬂﬁﬂLguﬂiﬁﬂguéﬂgﬂuaﬂquﬂﬂﬁduE%G %4
9191 Tutur1¥3n uﬂoﬂnﬁ&uLaaasgnuaozﬁﬂefuaz t0-12 HrTuoiinin wonani
Lachman URLANY(38) wuiﬁﬂﬁﬁﬁﬂﬂﬂaﬂaLjaQﬂuﬂﬁquﬂﬂﬁﬁstéﬂ1ﬁ51Lﬂuﬁ@ﬁi&ﬂﬂ
aéﬁqtuﬁauﬁntﬂaqnuaeﬂnﬁ

ANANTIT 6 %quﬂmadWﬂaﬁiﬁﬂﬁﬁnﬁ?LéaunauTuLﬂﬁﬁutaaﬁnﬁmﬁﬁw§u

U2 ANAINOATINIT L RONTDI LB L WANY L IANONUR IUNAAATANTY 11D wasnRUN 2
u v a

uduaaaiLiﬁu(amﬁﬁﬂ¥u lﬂ)ﬁdwﬁaaniwdwmaﬁuﬁmiﬁnﬁsLﬁamnaataaﬁgnuaaTu



ANNELTIENTAITY L n)
B yu

1
]
IUGN

50 —
—
()
(]
. 1c
o
a5
N
=

Y 10
~ie
()
i

o . o)
5 =~ & g 8 = @ .
]
1 — T I : 1 T T T J ' :
0 1 2 10 20 30 40 50 60 70° 80 90 100 110 120
L2812
Jun 4 nTiRsnuo luddnul uluidaiinisade Aunneloua sl &




éd da -
TLTUAN LK R0l

{

S5}

L]

100

oy -

50 —
10 —
o 5 = R o 0 0 o
5 —
1 | T 1 I T I | i | I 1
10 20 30 40 50 60 70 280 a0 100 110 120
L3273
7in 5 n19taauto s lutddvinlwluidsinisad o funaldua slng

(FOTANTU 1 )
u



10_@moo— o omoooo o660 o o o )

50 |
i
()
w
1=
=
qE 10
g —]
3]
~
= 5

1 — 4" T T | T 1§ T T 1 T T

0 1 2 10 20 30 40 50 60 70 80 90 100 110 120
t2a7 (u)
sin 6 ﬂﬂitﬁaumaﬁiutﬁﬁﬁuTuTulﬂﬁﬁulaa%aﬁuﬁuﬁuﬂuazeﬁtiﬂu

d w » o w
Llﬁﬁtﬂ'ﬂﬂ'lﬂclﬂu.ﬁ a'luﬂm'w LTAERTANTY L oA)
u

17


http:l1ee~k\,u.tell.Jl.,!.ef

100

50 —| .
‘m: |
[
w
Lo
=
'BE o O 0 PN - . | o Q 0
=
\-E |
£ 8 -

1 i — 172 T T TeT T T T T T

0 1 2 10 20 30 40 50 60 70 80 90 100 110 120
IR
iR 7 n7 i donee s ludanulu lucdtin saF o 1 hanlutalds 0.0s

i & & 5w g v ' i,
Lﬂa'il‘ﬁ'ilﬁ'lliﬂﬂuﬁﬁ‘llﬂuau Lﬂilﬂ?ﬂ‘lﬂuﬁﬁ‘}uﬁﬂﬁﬁﬁI.‘]‘HRF’.‘IG‘E"L‘TU 21}
u

et



é da -
TLIUAN L ¥a20d

$

R1b)

100—¢

50 _|
[ o WP o © n o) . 9]
(SR () B o TS v (@]
10 —
8 ]
1 i L — = T T T T T T T T T

1 2 10 20 30 40 50 &0 70 80 90 100

13871071

sUn 8 nng i Femras lunddtinluluilitiuisadel Tuideslutalsd 0,10

{ o ds = o o § w I a W
tloT l‘ﬂuﬂ]ﬂﬂu'ﬁ“uﬂuﬂﬂ Lnuag I.E!Ll'ﬂﬂrl'l.l-ﬁﬂ"l'.'lti LTacanTangu 3)
u

110

120

Ev




100

50 —
P i R P o n
> I = L= L~ 0 O U
-@me
(e
@
L[
=
£
g 10 _
R
i
ko)
1 I I 1 I I I I I I T
0 10 20 30 40 50 60 70 80 90 100
L2871 (7w

a7t douve s luiasiululuiueiuisat el Lo faaludaldd 0. 30

i € ¢ - d v . g
Lo 'ﬁumeﬂmﬁuﬂ Wael ﬂ‘un’ls;‘lsluﬂ a‘luamw LFacamImngi 4)
u

v



100 —
50 |
) S & P © o o o
a:
[
@
I
=
-2y
2
& 10
e
»
S
1 S R i i 1 T T T T 1 T T T T
0 1 2 10 20 30 40 50 60 70 80 90 100 110
1287 (W)
sin 10 na anre s lutwanunluluilanuisad el danludalid 0.50

i d { g e d v " L w
tilaTtL ‘ﬁﬂﬂ‘iﬂﬂ'ﬁ"l'ﬁ’ﬂﬂ uay L nuan El‘i.ﬂl.iﬁ {’I‘l UANIELTIANTANTY S5)
u



100 @ —&
50 —
A 0
v o

'
&

o

d do
FITUANLINasod
(=1
o
|
a
u]
u|

f?/i

[0 ] Q
~a 5 -l
= 0 @ o) ,
1
I ] T I ] [ I | i | E § |
0 1 2 3 4 5 6 7 8 9 10 11 12-
LR (%)
Eﬂ% 11 T s Raunig L Gentes lutddtiuiea 7 anTardulutsiaan
U
O luitdaun 9498 g aau luda (e 0.05 11a9 L Fua laguninuay Ly
-%-1 f:-‘ d 1 v ¥
O luidlefinL 2a% e L Aunng Laua 9 Luann2e1 99 Aulouds ludantrLT e

' a o o o u I'4 & a « I u o
© luiaiiniaatsLAunnalaua nind AN uiasiuiagod Taaanludalid o0.10 1ilaf i Fudlagtiwiinuay L fiu

oo a v | a o '~ ' W9y '
q)Tu;ﬂmwutqaﬁeﬁmmnﬂumuaaautuauuazLﬂﬂﬂﬁﬂﬂﬁuaGTuaﬂwaznia aalaugsluaniaeis
9 u

OludatinisatedTaifenludalia 0.30 (1o 5un lnsinninuay iy
anglanasluaniayLga
oo o o o u ] ¢« d & Y w =3
<> Tudiinivageodlaioanludalia 0.50 11ad L Fua lagiininuay LNy

aalauasluaniieLss

O+



47

] ' . g - o . mE -
A1TI4N 6 ANANNAATINITLAANBAS UL WAWULAIR 7 gﬂﬁﬂqﬁutuagnuﬂq

qRTAITY A1AINEATINT L AB
(Ju™H*"
in 2.2895+ 0.1425
11 0.2285+ 0.0049
1Q 0.0000+ 0.0000
2 1.9777+ 0.0458
3 1.2824+ 0.0223
4 0.8867+ 0.0189
5 0.9059+ 0.0101

as 1 <
= Mean + S.D. 31NNITANHNHIBATINAE 3 DIALAN
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ANELTICIRTANTY 1n) agn sTidadAum) s8R (p<0.05) Gouans lum T 7
39 1138 One Way ANOVA uay Duncan's New Multiple Range Test
o8 r=" (] L R ¥ a! [=-¥-1 ﬂl“ o4 L) ( v
Vst firuaraadnTing L fesve s lut@tivgsanii T fas lutaluaaina da
AU 1N UIATANTUAIUAN HUIIUAIINUANAY INUDHY SRR AN 9805 (p<0. 05)
u 9 -
aanand 1 lumT1en 8 war 9 19 ldnanuananeannuanisiaaues Al-Turk WAy
ANE(4) TIUUINAIAINIOATINAT L RoaTDIa1 Tava s Luluadu laladauanan afy
.ﬂ! o o ( v v ] -85 oo - ‘
Vol fen T utalunai iy dntusenane 6 x 107° §9 500 x 1077 Tauansg
-4 &a -2 l’dl’ GI om
(g m 6.24 x10°° B9 5.20 x10 ° (daT19us) 2199¢ L 409910 Lun19ANEN
A - v g e g " a
199 Al-Turk wavAueiudn® 1gioey lutalualuad1u ietunaiannaulut fawa
NNTAIUDDNT L AT
ﬁwuamdwaquwq1ﬁﬂwuaa1uuﬂ§§utnaqnﬂmﬁﬁw¥uTﬂﬂ1ﬁaun11maqﬂﬁﬁ?ﬂﬁ
JUNUNAILALUAN INA LUNTITTIN 10 gnt2uen Ty Lut Wit sanusTe luan susniuaaa
9 9
LEROTAN L REN (@ATAITY 1m)%eiﬁaﬁuﬂinﬁwuimaﬂqn111ﬁaw1ﬁLw1Ws§dwﬂoﬁa
v u
5m11nﬂ7t§autﬁﬁﬁuqué LﬁaLﬂ?ﬂuiﬁﬂuﬁﬂOﬁ%ﬂﬁ?qiﬂﬂﬂaﬂ1uLﬂa§nLQRLﬁOQﬂuﬂG
INANULI0NLAS LUENNIE LT INLIT 918N L8119 9 LuLuaNL L 98 L Noanud e lng
u 9 u
(11.03 €213 ﬁdﬁuwnniwawﬂn1¢1iawLiagnuaGTuan11uL§at1.10 11w
o7 AN ad AN 98DA (<0, 05) auana lums1 ol 11 @umT1eR 12 uay 13
LARN 9D IATNUANGA 9987 13U 1AAN IRDNTD 9978NT L FHIUDIRATANTY 1N
- 4 u
2, 3, 4 UaE 5(p<0.05) UADIENNT LMLV UDIANTANTY 4 WAy S 1ULANAT
q u
fuod INed1AgnI 980A(p>0.085)
MINUINATAINIDATINAT L AONUALDIENNT L EE AR 927
ol L ¥] { v =% o oo
o a7 g das luda lud Suanranuoondadululuil@iing sasunTnanns
LﬁauﬂBQTutﬂﬁﬁuLﬁagﬂuaa1ﬁuaaﬂ1wuaﬁuﬁinqun11ann17LﬁaumaaTﬁLﬁﬂu1uﬁa
dar aa B W o i g i
Tlntiufiuna1t dudus o 0.30 Way 0.50 > 0.10 >0.05 >0.00 (U97.5uf lag
‘:: (7] a:al a‘lu'\l{ﬂ unﬁ anb’
BINBN(PCO0.05) T3 %0990 141 oay luta L unNauantfdua177821

v IJ' v oo -ﬂl -Y-"0} ' ﬂl
2. aqﬂﬂqﬁqﬁﬂﬁﬂﬂﬁﬂﬂsLu1ﬂﬂ001ﬂLﬂﬂNuLQRLﬂaﬂﬂuaﬁﬂﬂﬂﬁﬂﬁuﬁﬂﬂﬁﬁLuaﬂﬂ
9 u u
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http:t1L~~~,1'U.na
http:la~~(p>0.05
http:5(p<0.05
http:In)u~1\i~ir'[JJ1A'1l'Y1l\l~~~(p<0.05
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A1T90 7 nATidTauLRaLa ReEER TN T Nannne 2 CLELRERT CluLWawu

=4 U - = L) 1

;naLnunqﬂﬂauaqﬂnauaziuxwaﬁuxqau1131uﬂ1ﬂuzﬁuannumu

P : = . ' - e | =4

BraNLuay Z9nuA8TALASTUTATIIEL T9) HUTULWRNULIRLAOY

AETuLFEITURN1I8 159 1aald Student’s t-test

] 4 - “ - -

A7t nAuLdaLUTEuL NEY
o wr s - o & s wr - -y,

gaiaﬂﬁu nuluiWawus A e L nuA187auds | Ledr1agn1eans

TUANIIBL T4

MuLWANLL AR L Ny 25.1341 S
ANgTAURUNG

MUl WANYLARUTIA 27.9207 S
Tunﬂﬁusﬁugqa

(] T |
UHUAZAN L WENLAY
= - Y
pNUANETARANTY

dN1751 99

t FITNATIN = 2.776

(0O .00 .4)

ol as s qq-\i
S = wuaIRgnINEnan P<0.065



4 1 o ar -
#1779N 8 One Way ANOVA ﬂﬁlﬁﬂ']ﬂ\!ﬁi')ﬂﬂ'ﬁqﬂ'lﬁléﬂﬂﬂﬂﬂ‘fﬂti@ﬁ;)ukQ‘R

- s ' > )
FaNT7E L aautudatWaad 8L IRIUA1Y 9 LUBANUANTUENIE L T

Source of Variation| df” ss” MS© F*
Among Groups 4 4.8687 | 1.2172 | 258.9787
Within Group 10 0.0468 | 0.0047
Total 14 4.9155

o = 3.48

.05c¢a.10)

a = degree of freedom

b = Sum of Square

Q
"

Mean Square
d = Variance Ratio

e = A1 F 37081719
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#1970 9 naTLUS UL RaudasiaiRTanaTL Aannavtuiwdiutaa Lilai
T aautuFRIWAAIINL TR S 9 Lﬁagﬂuﬁq1uﬂnﬁazsiﬁ
1a87% Duncan’s New Multiple Range Test

CEELRERT ANUANAINTENINN LSR” T R R RE AT

A1Lads

1n Ay 2 0.3118 0.1247 S
1n fu 3 1.0071 0.1307 S
1n nu 4 1.4028 0.1358 S
1n filu 5 1.3836 0.1334 S
2 fu 3 0.6953 0.1247 S
2 nu 4 1.0910 0.1334 S
2 flu s 1.0718 0.1307 S
3 fu 4 0.3957 0.1307 S
3 nu S 0.3765 0.1247 S
4 fu 5 0.0192 0.1247 NS

% = Least Significant Range (AMAWUIN A)

S = Hiag1dun1e&dan P<0.05

NS = 1ﬁﬁﬁadﬂﬁmnﬂqﬂﬁ§ﬁ P>0.05



4 - a s <
f191¥9n 10 aﬂénﬂ11§aﬁnad1uLwaﬁuLﬂa 7 gmiaﬂiu Luagﬂuﬁq

GEEEREST CRELRERS £
(F2 T
in 1.104 + 0.072
17 11.032 + 0.233
ia
2 1.272 + 0.024
3 1.960 + 0.037
4 2.840 + 0.055
5 2.784 + 0.024

<y s 1 [
= Mean + S.D. 3IMNANTAAFIAIDAINRE 3 NIALAN
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1% Student’s t-test

A1t RINNTTAIUIM
s & s =y ol wr s
CERTRERT LT AU L NauA B WANKL AR [ HaR1An19/Da

[~ '
LNUAETALFITURAIIE L T

- '~
1w WANBLIA LAY -70.914 S
aalanaing
t INA1TAY = 2.776

0.05.4)

o as - aa
S = WugRIAQNINEnAN P<0.05
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d oy - )
f19149Nn 12 One Way ANOVA ﬂﬂ\?ﬂ']qﬂ']‘i'lﬁﬂ’l'ﬂﬂ\ivtu&wﬂﬁuLQﬂ %Qﬁ

-l ( 1] d 1
TﬂL35u1uﬁ31wﬂﬂdﬂuL§u§uaqq 4 Luagnuﬂq1uﬁn13tiq

Source of Variation| df” ss” MS”® Fé
Among Groups 4 7.963 | 1.8908 | 948.00
Within Group 10 0.021 0.0021
Total ' 14 7.984

F° = 3.48

a = degree of freedom
b = Sum of Square

¢ = Mean Square

d = Variance Ratio

e = @1 F 310181319



55

‘1 - -4
#1979 13 ﬂﬂﬁLﬁ%ﬂuLﬁﬂuaﬂgﬂﬂﬁﬁﬁﬂﬂﬁaQYuLwﬂﬁuzqanﬁTﬁLaﬂu
4 v 4 '
TUTaTWE @210 L THIUAN 9 Luaﬂnudqﬁuﬂnﬂqusq

Ta87f Duncan’s New Multiple Range Test

GLEURERT ATUANAIITENINY LSR” UARVAYNIIF DA
Aiady
1n iy 2 0.168 0.083 S
1n Ay 3 0.856 0.087 S
1n Ay 4 1.736 0.091 S
1n AU 5 1.680 0.089 S
2 Ny 3 0.688 0.083 S
2 nu 4 1.568 0.089 S
2 17U 5 1.512 0.087 S
3 nu 4 0.880 0.087 S
3 fius 0.824 0.083 S
4 U 5 0.056 0.083 NS
% = Least Significant Range (A7@®uUIn @)
s = HiiaR @y esnan P<o.05

i = sl
NS = tanfiad dgni9saan P>0.05



3. ﬂﬂ?ﬁﬁﬂﬁﬁuzu7ﬁg1uLwaﬁutaaﬁaauduasQQLﬁﬂuaﬁnﬁinﬂaaﬁunﬁiLsauﬂaq

Tuiudinisalen LiaoawnuﬂuaseﬁLiauaﬁuﬁinﬂaaﬁuuﬂa1ﬁ

Tucker Minty Way MacGregor(51) wud1 [uiuatuluiRoanTouaraun
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Haa81490 Tt Wawy %LA
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3 10.41 104.68
4 9.83 98.85
5 9.69 97.50
6 ' 9.73 97.88
7 9.64 97.03
8 9.94 99.98
9 10.31 103.68
10 10018117 : 101.92
11 9.64 96.95
12 9.63 96.90
13 9.77 98.28
Mean 9.893 89.85
S.D. 0.26 2.65
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1 4 =5 (" 4 5 b oas
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50 0.0282 0.0280 0.0279
60 0.9749 0.9908 0.9987
TO 0.9502 0.9565 0.5576
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%89,40 WAY 50 DIANLTALTFaaTANANAY 4.4333 x 107° , 1.2667 x 10 uay

2.8000 x 107" 34 " gmaneu 1uﬂmggﬁ1ﬂGﬁ?ﬁm?ﬁﬂWTL§8N%QNﬁﬂ§ 60 WAy
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ot 95 tlodidud  detuiTessndr ¢ Fawaadtluangaeh 21 Sdateanda
2.021 uamaiﬁ1utﬂ§ﬁuzaa%au77iqun1ﬁuvﬂaaﬁuuaauaaLﬁu1fﬁqmﬁﬁﬁﬁaa, 40
WAy 50 991 LTal FaalaiAnn 31 Soum e Las

WANNT3 58S [uasonAaa ofuN 1398109 Thoma Wa¥ Klimek(36) Fawu
iwqmuﬂﬁﬁgaﬂivuﬂm 50 99A1 LAt Fua lulwanond un IR Te 9@ TaEANE L uL AN
471 Benita uavene(59) wuinluTaraiNaduos uidtininifedipine micro-
sphere) §ﬂ11uﬂaﬁaﬁtfatﬁu1§%qquﬁ 4, 20 WAy 37 DIALTALTYE

aNT190 22 uaeenT1eh 28 wanen1TLiSeu Raudna i dnaannT Seure
1utﬂa§utqaﬁqmﬁﬂﬁéweq WU dwmaﬁaﬁﬂﬁwnﬁfLgauuaaiutﬂaﬁutQﬂﬁgﬂﬁﬂﬁﬁao
40 uay 50 99ALTaL Fea lauanan snuesi sXladAamn 9ali (p<0.05) usiAAY
ﬁ?ﬁﬂ?ﬂﬂ??t%@u%gﬂﬂ%ﬁ 60 D9ANLTAL FnaTANI0ENIAR 70 99An LAl Fasetn g

AULA AN IRNRA (p<0. 05)

Lﬁaﬁqudmaﬁﬁn111%ﬂﬁ1aﬁaaﬂnﬁuﬂW1ﬂ§ﬁ?aw5uﬁumﬁa£1u¥ugmun§ 60 UAY
9 u


http:U~IA~~I~~~~(p<0.05
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A17184Nn 21 a1t QﬁﬂﬂﬂﬁﬂﬁuﬁmﬂﬂﬂiuLwﬂﬁuLﬁﬂ

o 4 %
dasiiungen 3 aamnil
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%quiigﬂunﬂﬂus

qmugﬁ t 3IANITAIUIN
%)
qmﬁqﬁﬁnq 1.1770
40 0.3726
50 1.3549

t

({38.0.975)

FMNAITI9 = 2.021
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< , o -
f171494n 22 One Way ANOVA ﬁﬂ@ﬂﬁﬂﬂﬂ?ﬂﬁ11ﬂ11lgﬂuﬂﬂﬂ1ulwﬂﬁulﬂa

: s 4 '
?au1131uﬂwﬁuzﬂaqnuuﬁqnqmwgﬂaﬂq 9

Source of |df SS MS F
Variation
Among Groups| 4 [281697.47x10° *°|70424.368xi0” *°|132.6724
within Group|10 [5308.14x107"° |530.814x107"°
Total 14 |287005.61x10 °
¥ 0.05C4.10) = 3.48
a = degree of freedom
b = Sum of Square
¢ = Mean Sqguare
d = Variance Ratio
y o
e = a1 F nla’znaniy
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#1790 23 aTLUSgusuanasiaiaTIna T AannastuLanuL 44
%au11§1un1ﬁuzﬁaeﬁuuadﬁqmmgﬁéwq “
1a#?% Duncan’s New Multiple Range Test

CLELRET A2 TMUANAY LSR™ UBR AN IIRDA

J¥WIN9ATLARE

1 fu 2| 1.5333x107 | 4.0304x10 " NS

1 fiu 3| 3.1666x107 | 4.2300x10 NS

1 fu 4| 1.3373x10 | 4.350 x10”° S

1 fu 5| 3.5240x10 | 4.4295x10 S

2 nu 3| 1.6333x10 7| 4.0304x10 " NS

2 Ny 4| 1.3220x10 | 4.2300x10 s

2 fiu 5| 3.5087x10" | 4.350 x10™ " S

3 fiu 4| 1.3057x10 °| 4.0304x10™ " S

3 fu 5| 3.4924x10 | 4.2300x10™ " S

4 fu 5| 2.1867x107°| 4.0304x107 " S
a = Least Significant Range (AMQWUIN A)
s = fisdrdn esdan P<o.05
NS = lailiiad1dgnaedaan P>0.05
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b % Theory = Inversely Estimated Conc. x 100

Known Conc.

c % C.V.

S.D. x 100

Mean
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Conc.x10° |Absorbance |Absorbance Inversely| % Theoryb
(M) at 334 nm at 281 nm|Estimated
Conc.x10°
(7
T T 0L 0. 122 0.078 1.722 101.23
3.403 0.208 05133 3.405 101.38
5.6871 0.323 0.207 5)TET 101.51
8.5086 0.500 0.320 9.316 109.52
11.341 0.8756 D.3869 102 815 895.36
14.178 0.755 0.485 14.425 101.74
Mean 101.79
S.D. 4.50
C.v.” 4.42%
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N 334 WATHLNAT : y = 0.0417+4982.5974x r> = .9920°
N 281 WATHLNAT @ y = 0.0261+3203.2347x r> = .9922°
AL 2a"aiiue <3ﬂaan%1a§)

A 334 WATHINGT : y = 0.0186+2868.0366x r° = .9942°
M 281 WATHINAT : y = 0.074849249.6510x r°> = .9919°

b % Theory = Inversely Estimated Conc. x 100
Known Conc.
c % C.V. = S§.D. x 100
Mean
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Taainmiin
Conc.x10" |Absorbance|Absorbance Inversely| % Theoryb
(M) at 334 nn |at 281 nm |[Estimated
Conc.x10°
(M
17071 0.134 0.087 1.604 94.29
3.403 0.220 0.144 3.321 97-.59
5.871 0.332 %45 6582 98.43
8.506 0.519 0.337 8,331 108.89
11.341 0.588 0.382 10.714 94.47
14.178 0.764 0.495 14.256 100.55
Mean 89.17
S.D. 5.68
A 5.72%

a: Inversely estimated conc. =

naﬁuLiuﬁuaaﬁTutﬂﬁﬁu?u;ﬂ?ﬁ?

= (9291.2331xA_ . ,)-(2872.8368%xA,.,)-401.28
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N 334 WATHLNAT : vy = 0.0543+4979.4450x r- = .9904"
=) e

N 281 WNTHINAT = y = 0.0359+43224.4344x r- = .9904°
<) ol - 4

NLEIRTDUURA (3ﬂaaﬂﬁ19ﬁ)
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N 234 UATHINAT ¢ y = 0.0306+2872.3368X r_ = .9900°
pu -3

n 281 wITHIHAT : y = 0.099049291.2331x r = .9904°

b # Theory = Inversely Estimated Conc. x 100

Known Conc.

c % C.V.

S.D. x 100

Mean
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Conc.x10° |Absorbance |Absorbance|Inversely |% Theory"
(M) at 334 nm |at 281 nm [Estimated
Conc.x10°
(M)~
1.701 0.131 0.183 1.744 102.52
3.403 0.211 6 SRy b 3.396 99..F9
5.671 0.323 0.206 5.665 99..89
8.506 0.507 0825 9.414 110.67
11.341 0.574 0.368 10.782 95.07
14.178 8 k7 | 0.482 14.392 101.50
Mean 101.57
S.D. 5.13
c.v.° 5.05%
a: Inversely estimated conc. = ﬂ?ﬁutEuguﬂaﬁiutwaﬁuﬁuzﬁgaié

= (9252.3860xA_,)-(2825.1298%A__,)-341.6350

36445128.55


http:36445128.55

FUNITAVI9HULARN =

) Fd ad 4
ﬂLﬁaﬁﬂua (3ﬂ191ﬁ>

N 334 WATHINAT : y = 0.0498+4905.8962x r> = .9902°
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Conc.x10° |Absorbance | Absorbance Inversely| % Theoryb
(M) at 334 nm |at 281 nm |Estimated
conc.x10°
(M)~
1.435 6.085 0.0586 1.468 100 .27
2.870 0.169 0.111 2.8986 100.89
5.740 0.389 0.217 b.8%8 101.36
8.610 0.506 0.325 8.666 100.865
11.480 0.671% 0.431 11.483 100.03
14.450 0.842 0.541 14.402 99.67
Mean 100.81
S.D. 0.86
o 0.85%
a: Inversely estimated conc. = niﬁusEuﬁuuaq1utwaﬁu1uzﬂ?ﬁ1ﬁ

(11818.7600xA,,,)-(3429.8930xA,,,)+13.8152
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N 334 BATULNAS : v = 0.0015+5850.9600%x r- = 0.9999°
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N 281 UITUINGYT : v = 0.0025+3744.5300Xx r- = 0.9999°
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N 334 UNTULHRAS @ y = 0.0125+3429.8930x r = 0.9986°

. _

N 281 UNTHLUAT = ¥y = 0.0534+11818.7600X r_ = 0.9985°
b # Theory = Inversely Estimated Coanc. x 100

Known Conc.
c % C.V. = S.D. x 100
Mean
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X = IX

3. nTulTeuiieuAnLane 2 a1 lanld Student's t-test

v ] ‘xl
1w A M = AI1aR129UT¥E NT (populat ion means)
X, X2 = ﬁ?tQ%ﬂﬂaﬁﬁiaﬂﬁﬂ(sampie means)
6,. 6, = a3 231991741 (populat ton
variance)
N N, = QYRR DI
Null hypothesis H S ——)
a L 2
Alternative hypothesis H. POM # A
5 = (xk—x2)~(ﬂL~nz}
S

t = X -X
L 2
5
-]
LAD Su = polled variance
s * = 5 1% & w®
-] L 2
N N
L 2

%ﬂidﬁ dedree of freedom , ¢.f. vﬂiﬁaﬂn
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5. Duncan's New Multiple Range Test

ﬁﬁ alternative hypothesis 37N ANOVA nnaau%ﬂ %qﬂ171i Duncan's
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