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Table 4.1 Collecting times of Centella asiatica during January to December in 2003

Month Source A Source B
January Al Bl
February A2 B2
March A3 B3
May A5 B5
June A6l B6
July B7
August _ B8
September S O
October b
November | /i ~
December ' N
dl
Tablet4.2  Efficieney o cfing solventfo . ion of Centella asiatica
A \ _
Extracting solve o mer 1ge content
(% methanol in c éﬁqﬁ i3 1aticos Madecassic | Asiatic
water) -*‘-"’f £2% acid acid
60% A 2 3 0.01 0.01
70% S EATE 38 0.01 0.02
80% AR ~ 0.08 0.02

101

Table 4.3 entella asiatica with
me (refluxing time)
Refluxi 1ge C '

time (mi ﬁaledssic Asiatic

acid acid

003 7 0.008

0030 0.007

a4 014 0.023
60 0.026 0.024

90 0.025 0.028
120 0.025 0.024
180 0.023 0.027
240 0.021 0.029
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Table 4.4 Effect of ratio of organic solvent in buffer on retention time and capacity
factor of CA extract in HPLC chromatogram

29% ACN 28% ACN
Items tr k’ tr kK’
Madecassoside 3.4 1.3 4 1.7
Asiaticoside : .6 6.8 85
Madecassic acid , 7.5 4.0
Asiatic acid - 22.0 13,0
Prednisolone 5 95 5.3

Table 4.5 Effect of p n ) ity factor of CA extract in
HPLC chrom '

= pH 1 pH 7.0
Items 1 ‘ R kK
Madecassosi £ eh 1.3 3.4 1.3
Asiaticoside 4.2 5.4 2.6
Madecassic acid | & 7.5 4.0
Asiatic acid ~ ; 6 13.4
Pre 45

_ﬂ
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Table 4.6 Accuracy test of HPLC analytical method of madecassoside, asiaticoside,

madecassic acid and asiatic acid

103

Table 4.6.1  Accuracy test of madecassoside (MS)
Added Number of sample
concentration Items 3 4 5 6
(mg/ml)

0.067 %Recovery 56 | 99.15 | 99.96 | 100.06
Average 99.12
%RSD 3 97

0.133 %Rec 97 [ 102.1 | 101.9 | 97.94
Aver: 46
%RSD 04

0.273 %Reebve 100.0 | 99.18 | 101.0
Avera 0.2
%R ~

0.333 %Reco 3 [102.3 [102.1 | 1015
Aver o 2.3
%RSD ~ 42

0.401 %Recovery 9 [101.2 1013 | 99.52
Average St 100.5
%RSD = 1.28

Average of %or

7

8
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Table 4.6.2  Accuracy test of asiaticoside (AS)

104

Added Number of sample
concentration Items 1 2 3 4 5 6
(mg/ml)
0.052 %Recovery | 98.90 | 100.6 | 101.2 | 102.9 | 103.0 | 101.3

Average 101.3

1.50

%RSD Al
A\

‘I
|

0.103 %Recove | 98.45 | 1005 99.92 | 100.8 | 100.5 | 100.5

Average 100.1

%RSD - 0.86

0.203 %R BVer Y107 .9 6| 1014 | 1028 | 1015 | 102.0

& N l\\\‘&"\\

BT 7/ I LN >

0.247 %Recovary F101U0 - 111014 | 102 102.7 [100.6 |102.7

Aver cLS] — dl\ AT L. 8

LW & ¥ PN

5 (0 AN,
%Re very | /101.3-1798.17 | 100.2 | 100.2 | 100.4 | 100.8

0.331
Avefigell I 4o i 4 N, 1002
%RSDS | Hﬁﬁf' ﬂ\\“ 1.07
Average of %recovery” [l | 100.6

= g

E )

ﬂﬂﬂ?ﬂ&lﬂ‘iﬂﬂﬂﬂ‘i
’QW’]%NﬂiflJ UAIINYAY
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Table 4.6.3  Accuracy test of madecassic acid (MA)

Added Number of sample
concentration Items 1 2 3 4 3 6

(mg/ml)

0.008 %Recovery | 99.48 | 100.0 | 100.9 | 97.12 | 100.7 | 97.59
Average 99.31
%RSD AN\ 1.62

0.016 %Recover \ 99.16 | 100.2 | 98.42 | 100.9
Average = 98.97
%RSD < 1.43

0.033 %R 99.77 | 1016 | 99.46 | 99.93 | 101.0
Ave : i i
%RSD & 3 » 6

0.040 %Rec0ve, ; 9 102.8 | 100.9 | 102.0
Avera —— 2
%R T :

0.048 %Rec 2340 98.80 | 101.7 | 101.4
Average SATI ‘ .03
%RSD ) J2 .06

Average of %recovery EEE 99.68

£y o

e g
AULINENINYINT
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Table 4.6.4  Accuracy test of asiatic acid (AA)

Added Number of sample
concentration Items 1 2 3 4 5 6

(mg/ml)

0.004 %Recovery | 99.53 | 101.6 | 102.1 | 102.7 | 101.7 | 100.1
Average 101.3
%RSD 1.21

0.009 %Recove .60 | 100.1 [ 99.19 | 100.1
Average +99.29
%RSD .86

0.017 %Rec | 102.3 | 102.3 | 99.57
Ave \ %)
%RSD 4 \ 71

0.022 %Recovers 103.0 | 102.5 | 100.5
Avera : .8
%RSD ST

0.024 %Rec _ 99.32 | 98.08 | 100.1
Average 5 e .63
%RSD ' 1 Bl

Average of %recovery e 100.1

5 5 2

z

iy
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Table 4.7 Intra-day precision test of HPLC analytical method of madecassoside,

asiaticosie, madecassic acid and asiatic acid

Table 4.7.1 Intra-day precision test of madecassoside

107

Number of sample

Added
concentration Items
(mg/ml) \
0.067 %Rec
A
0.133
%
0.273 0
e
% AN
0.333
vera /
%RS e
0.401 /0Recover
Average"- CRy
%RSDJ_ _; e
- ';:'
Average
Average om/oRSD

2

3 4 5
99.15 | 99.96 | 100.0
99.43
0.68
99.25 | 101.9 | 97.94
8.94
1.79

0.0 | 99.18 | 101.0

00.2

192

102.3 | 102.1 | 101.5

02.2

0.38

100.1 | 101.2 | 99.52

100.4

1.38

.2

60

AUEINENINGINS
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Table 4.7.2  Intra-day precision test of asiaticoside

108

y

Added Number of sample
concentration Items 1 2 3 4 5
(mg/ml)
0.052 %Recovery | 100.6 | 101.2 | 102.9 | 103.0 | 1013
Average 101.8
%RS 1.05
0.103 % 5] 99.92 | 100.5 | 100.5
' - 99.97
0.89
0.203 0 102.8 | 101.5 | 101.9
N 01.9
0.54
0.247 % 2.7 [100.6 | 102.7
v 101.8
% B .94
0.331 o e 100.2 | 1002 | 100.8
rage 100.2
L 1.19
Average of %recov 4o 101.1
,;‘__d'—
Aver 21

AULINENINYINS
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Table 4.7.3  Intra-day precision test of madecassic acid

109

y

Added Number of sample
concentration Items 1 2 3 4 5
(mg/ml)
0.008 %Recovery | 100.0 | 100.9 | 97.12 | 100.7 | 97.59
Average 99.28
%RSD 1.81
0.016 % 5] 99.16 | 98.42 | 100.9
Avera 98.71
. 1.43
0.033 ] 99.46 | 99.93 | 101.0
\ 00.0
) \ 1.41
0.040 YoRR€EC g 02.8 | 100.9 | 102.0
100.8
% 2 = 2.04
0.048 97.40 | 98.80 | 101.4
TA e 98.49
s 1.76
Average of %recovery - <. <% 99.45
JT;J ‘
Avera 5

y
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Table 4.7.4  Intra-day precision test of asiatic acid

110

B

Added Number of sample
concentration Items 1 2 3 4 5
(mg/ml)
0.004 %Recovery | 101.57 | 102.09 | 102.72 | 101.67 | 100.08
Average 101.63
%RS 0.96
0.009 % 85 | 99.60 | 99.19 | 100.13
vera #  99.13
0 0.86
0.017 0 102.28 | 102.32 | 99.57
100.29
1.90
0.022 0 02.97 [ 102.54 | 100.52
100.89
B 1.78
0.024 % ery}’ 97.84 | 99.32 | 100.11
€ ’ 99.94
oR ;.-1 1.45
Average of %reco feais 100.38
@_i
Ave 51

;
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Table 4.8

asiaticoside, madecassic acid and asiatic acid

~ Table 4.8.1

Inter-day precision test of madecassoside

Inter-day precision test of HPLC analytical method of madecassoside,

Added concentration

(mg/ml)

Items

Day

1

2

3

0.067

0.133%

Average o

3

100.4

99.12

99.03

0, ery

99.37

0.80

%Reco 1 [ 99.46 | 97.96

Average 99.29

1.12

| 100.2 | 99.53

100.24

% | 0.68

0 [102.3 ]102.0

101.7

1.42

| 100.6 | 100.2

100.2

0.73

e

100.2

131

%
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Table 4.8.2  Inter-day precision test of asiaticoside

Added concentration

(mg/ml)

Items

Day

0.052

0.103

Average o

%Recovery

98.42

101.3

99.09

Average

100.3

—=)

1.52

Re

99.63 |

100.1

| 99.48

99.89

0.33

~100.7 |

101.9

[ 99.60

101.2

1.12

9.42

101.8

| 101.7

'101.3

1.32

100.2 | 100.6

100.6

0.77

100.6

1.35

AULINENINYINT
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Table 4.6.3  Inter-day precision test of madecassic acid

Added concentration Items Day
(mg/ml) 1 2 3
0.008 %Recovery | 100.8 | 99.31 | 100.6
Average 99.86
0.80
0.016 97.85 | 98.97 | 100.1
' , 98.97
’ % : ‘ | 1.14
0.0 | %Reco 102.3 | 99.97 | 99.91
7 100.4
. /o 131
0 % [100.2 |101.8
o 100.0
0 1.81
0 “ [ 99.03 | 100.9
e 99.11
WY 1.71
J
Averaggof © ve 99.69
oy
TR S
1.76

AULINENINYINT
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Table 4.6.4 Inter-day precision test of asiatic acid

Added concentration Items Day
(mg/ml) 1 2 3
0.004 %Recovery | 100.0 | 101.3 | 102.2
Average 101.2
D 1.10
0.009 99,92 | 99.29 | 98.65
, 99.29
- %RSD - 0.64
0.0 , %Reco 802 | 100.2 | 99.00
: Aver. : 99.54
. . 1.12
0.0 Z : 100.8 |101.3
' - ' 100.6
: 0.97
02 .| %Reco 5] 99.63 | 100.7
' € : 100.0
N 0.57
Y37
Averagelof Yoree ' 100.1
o
,*'A -
Av 1.50

;
AULINENINYINS
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Table 4.9 Linearity and range test of HPLC analytical method of madecassoside,
asiaticoside, madecassic acid and asiatic acid

Table 4.9.1 Linearity and range of madecassoside

Added Mean found
concentration(mg/ml); x concentration(mg/ml); y
0.067 0.067
0.133 0.132
0.273 0.274
0. 0.339
402
= 1x-0.001 - 7
Table 4.9.2 Line 1
ound
concentrati t g/ml); y
.0 2
s A \ 05
0 W el e \ 250
T 1 333
= 04 = 1.000
et 4
Table 4.9.3 Linearity and range ic acid
= found
co 1g/ml);
i O .0163
-~ 0.0331 0.0332
40,0395 2 0.0395
' '~ : o
'E] 2E:05 9 d
]jqbw ineari T icaci ot
q concentration(mg/ml); X concentration(m !
0.0044 0.0045
0.0087 0.0086
0.0174 0.0173
0.0217 0.0218
0.0242 0.0242
y=x, 1" =0.9999




Tablet 4.10 System suitability test of HPLC analytical method of madecassoside,
asiaticoside, madecassic acid and asiatic acid

Tablet 4.10.1 System suitability test of system precision (%RSD)

Number of injection Peak area
MA AA Pl

1 1 .29 717 29306 | 456684

2 9 128 2 29531 452165

3 30798 | 448720

4 30346 | 457530

5 30815 | 445992

Average of peak'are ¥ 30653 | 450747

%RSD 0.87 1.34
* -f'gf : ~
Tablet 4.10.2 Sy ili fg: eoretical plates (N)
'ﬁ“i—, ~4 \
J;&j’?‘l ‘
Number of injection” | {1t -« theoretical plates
= MA AA PL |

1 v 545.12 | 4820.77 | 4546.99
2 4838.67 | 4466.47
3 | | 4617.77 | 4407.92
4 m 68 | 4771.78 | 4394.28
5 & 2018. 71| 4356.55 | 4705.78 | 4356.69
Average of Ny | 2026.22 2717.31 | 444543 | 4750.95 | 4434.47

‘ gvcl%;v 1.91 1.67

Fi H t 3 d | | o

ARIAIN T,

KNP Y
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Tablet 4.10.3 System suitability test of tailing factor

Number of injection Tailing factor
MS AS MA AA PL
1 1 45 1.30 1.10 1.66
2 ’ 1.31 1.12 1.66
3 1.33 115 1.68
4 1.40 p.32 1.14 1.67
3 -1.41 -] 1.14 1.67
Average of taili C .39  — 1.13 1.67
%RS ' 4 .3z 1.77 0.50

o 4 -
- Tablet 4.10:4 System sul ution (Rs)
. 3
-
Number of injecti W olution
| AA PL
1 X HS5-- 2 2.13 | 11.69 | 3.75
gg 365 2.11 11.29 | 3.91
3 e 2.11 11.49 | 391
ST 11 _[ 11.15 | 3.87
11.57 | 395
Average o 11.44 | 3.86
%RSD ] 1.90 1.70
<

AULINENINYINS
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Tablet 4.11 Method validations for TLC analytical method

Tablet 4.11.1 Accuracy and precision test of TLC analytical method of
madecassoside and asiaticoside

Tablet 4.11.1.1 Accuracy and precision of madecassoside

Added amount Items \ Number of sample
(mcg) 3 4 5 6
1.08 %Recov 98. 8] 99.52 | 99.06 | 99.00
Average : Sl
%RSD ———)
2.16 %Reco 2 921 98.49 [ 98.96 | 100.2
Avera
%RSD \
- 10.80 %R | 100, . 100.9 [ 102.0 | 99.55
Avera : \ » 8
%RS 5 (= ' C
16.20 %Recov. 7963 | 98.36 | 100.2 | 100.7
Avera WA ¥ =3
%RSD ¥ ) 47
21.60 %Recove 98.20=1°97 1 9] 9827 [ 98.82 [ 9731
Average Wttt 98.35
%RSD B T 1.17
Average of %reco:
Average of %RS lm

AUEANENINGINS
RINNINANINEIAY



Tablet 4.11.1.2 Accuracy and precision of asiaticoside

119

Added amount

(mcg)

Items

Number of sample

p. 3

4 5 6

0.78

%Recovery

101.1

102.9

99.88 | 102.3 | 100.1 | 101.4

Average

%RSD

1.56

%Recovery

| Average
%RSD

7.80

%Recov
Avera
%RSD

11.70

| %Recove
Avera
%RS

15.60

%Recov,
Avera

%RSD

Average of %recovery

-y

Average of %R

\

AULINENINYINS

101.3

1.18

2 | 100.2 | 100.9 | 102.0

; .70

95.25 | 95.20 | 96.55

39 [ 97.34 | 100.1

08.18 | 99.24 | 99.52

98

199.18

iy
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Tablet 4.11.2 Linearity and range test of TLC analytical method of
madecassoside and asiaticoside

Tablet 4.11.2.1 Linearity and range of madecassoside

Added amount (mcg) found (mc
1.08
2.16
540 =
10.80 : = —
16.2 : y :
21.
y =0 f
. 7
Tablet 4.11 (5 Tﬁl ange of S
Added amount !
0.78 ZIE 79
1.56 AT
3.90 -
0 —

AULINENINYINT
RINNIUUNININY
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Table 4.12 Percentage content of madecassoside (MS), asiaticoside (AS),
madecassic acid (MA) and Asiatic acid (AA) in whole plant (a) and
leaves and stems (b) of Centella asiatica by HPLC from 2 gardens
(A and B) in annual period.

(a) Percentage content of madecassoside (MS), asiaticoside (AS), madecassic
acid (MA) and Asiatic acid (AA) in whole plant of Centella asiatica by
HPLC from 2 sources (A and B).

!/
Month o content
MS = AS MA AA
Jan 1.003 {40 1 [l 077310 0.019 | 0.013 | 0.014
1.017 L 0,824 | 0:007.] 0.020 | 0.014 | 0.015 |
1.049 1483 10775 | .0:007 | 0.020 | 0.012 | 0.014
Average | 1.02 s 0. %%{?h 0.0 0.020 | 0.013 | 0.014
%RSD | 230 |03 41365 | 000, | 294 | 7.69 | 4.03
Feb 0.31541 0. 290 | 0.180 [ .0.407 | 0.252 | 0.157 | 0.160
0.315 | 01 29} 10,186 | 0.409 | 0275 | 0.158 | 0.171
0308 4 0.184 4 0292 | 0:184 | 0418 | 0.254 | 0.168 | 0.160
Average | 0.313 4 291 1 0.18: 411 | 0260 | 0.161 | 0.164
%RSD | 129 | 414 [ 034 1~ 4 489 | 3.78 | 3.88
Mar 1.123 | 1.222 {i0:935 | 0.93 102 | 0.061 | 0.087 | 0.066
1.144 | 1.313 [ 1861 0.103 | 0.058 | 0.081 | 0.065
1.180 | 1.274 0.947 | 0:978°1-0.109 | 0.061 | 0.089 | 0.064
Average | 1.149 | 1270 ] 0.961 | 0.962 | 0 .0.060 | 0.086 | 0.065
%RSD | 2.517 1] 3. 2 11289 | 486 | 154
May | 1.526-] 1.981 | 1.678 | 1 011 | 0.055 | 0.031 | 0.031
1.609.1 1.933 | 1.730 | 1.185 | 0.0117] 0.054 | 0.031 | 0.031
1.600 |1.910 | 1.819 | 1,151 | 0.012 | 0.052 | 0.032 | 0.032
Average 11578011 i ! §%§ 4| 0.031 | 0.031
%RSD 1| 12189 (! 187 11| 09 17285 | 184 | 1.84
June |11.596 | 1.130 | 0.992 | 1.156 | 0.089 | 0.044 | 0.071 | 0.041
1,674, 1137 | 1. 1,144 150090 [ 0.045% 0.075 | 0.038
Q W 1720 117 1093 7110.045v] 10074 | 0.039
Average | 1.664 | 1.147 | 1.03 148 170.091 17 0.04 073 | 0.039
%RSD | 3.80 | 211 | 416 | 060 | 230 | 129 | 2.84 | 3.88
July | 0.831 |1.9580.589 [ 1325 | 0.179 | 0.184 | 0.093 | 0.063
0844 | 1.862 | 0.638 | 1.320 | 0.186 | 0.179 | 0.090 | 0.058
0.839 | 1.919 | 0.617 | 1.365 | 0.180 | 0.188 | 0.094 | 0.059
Average | 0.838 | 1.913 | 0.615 | 1.337 | 0.182 | 0.184 | 0.092 | 0.060
%RSD | 0.78 | 252 | 400 | 1.85 | 2.08 | 246 | 225 | 441
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(a) (Continue)

Month | percentage content
MS AS MA AA
A B A B A B A B
Aug 1.167 | 1.644 | 1.036 | 1.162 | 0.215 | 0.167 | 0.117 | 0.075
1213 | 1.613 | 1.056 | 1.151 [ 0.220 | 0.177 | 0.127 | 0.074
1.186 | 1.595 | . 155 | 0211 | 0.177 | 0.126 | 0.075
Average | 1.189 | 1.617 | 0215 | 0.174 | 0.123 | 0.075
%RSD | 194 é\ 0 A3 2.09 | 332 | 447 | 0.77
Sep 0.535 L 0.562 0.162 | 0.153 | 0.149 | 0.089
0.574 =, 0.572 .158 | 0.157 | 0.151 | 0.091
0.540 0.569 .159 | 0.156 | 0.148 | 0.088
Average | 0.5 568 | 0.411 | 0.160 | 0.155 | 0.149 | 0.089
%RSD 3.86 J090 | 3411130 | 134 | 1.02 | 1.71
Oct 0.76 / -0:701 40420 { 0. 0.086 | 0.168 | 0.066
0.75 ).675, | 0.43 0%%3 0.083 | 0.164 | 0.062
0.7 640} 0,728 40419 [ 0.153 | 0.083 | 0.167 | 0.062
Average | 0.76 07 0423 | 0.151 | 0.084 | 0.166 | 0.063
%RSD 1.32 - 38 4. 478 | 2.06 | 1.25 | 3.65
Nov 0.717 & 072 [ 707427 ) 0.147. | 0.311 | 0.158 | 0.337 | 0.106
0.763 165-0.7- 35| 0.289 | 0.146 | 0.324 | 0.095
0.718 | 0173 0.7 39 | 6.306 | 0.160 | 0.346 | 0.102
Average | 0.733 | 0.170 |- 0.72 40 | 0.302 | €.155 | 0.336 | 0.i01
%RSD 3%9 4] 256 | 242 | 435 w382 | 490 | 3.30 | 5.51
Dec %67 0.650 1 0.005 | 0.037 | 0.019
. 0495 | 0.64 : 0.005 | 0.036 | 0.018
0.633 | 0.532 | 0.7 : 0,009 | 0.006 | 0.035 | 0.019
Average | 0.647 | 0.514 | 0.664 | 0.479 | 0.009 | 0.005 | 0.036 | 0.019
%RSD | 3.97 °|=3.61 | 4.87 a)245 | 6.66 | 10.83 | 2.78 | 3.09
AverageqH EJ J"H 'VI ‘waqi I :j
of F3 A' | Y
p%n a&%mﬁs‘ iJsVII'JQ Eaﬁj ]0@9&]0.115 0.065
1
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(b) Percentage content of madecassoside(MS), asiaticoside(AS), madecassic
acid(MA) and Asiatic acid(AA) in leaves and stems of Centella asiatica by
HPLC from 2 sources (A and B).

Garden Percentage content
MS AS MA AA
Month Leaf | Stem | Leaf | Stem | Leaf | Stem | Leaf | Stem
1553 | 0.039 [,11028 [,0.073 [ 0.297 | 0.007 | 0.043 | 0.447
1.578 | 0.039 | 1.013, 0| 0.326 | 0.008 | 0.041 | 0.469
Sep | 1.524 [.0.038 | 0.9 10.305 | 0.007 | 0.040 | 0.448
Average | 1.552 1 1.006 309 | 0.007 | 0.041 | 0.455
%RSD | 1.74 2.%5 842 | 7.873 | 3.696 | 2.732
0. 70,725/ 02 8 [ 0.006 | 0.008 | 0.121
0.9 )/1/6.701,}.0.0 7 | 0.007 | 0.008 | 0.125
Dec | 0.9 010.073.[70.025 | 0.007 | 0.009 | 0.124
Source | Average | 0930470 0.71 069 | 0. 0.007 | 0.008 | 0.123
B %RSD | 1. : 1703 | 5225 |, 5.728 | 8.660 | 6.928 | 1.688
Average of ) (= % -
percentage content | | 5 1:0.:859] 0.071 {.0.168 | 0.007 | 0.289 | 0.025
Percentage content o
ratio (leaf/stem) 7 A2 w24 11.56
0.987 1 0028} 0.826 0.009 | 0.061 | 0.376
1.040 | 0.029-F6.87 0.009 | 0.056 | 0.362
Sep  [.0.984.] 0.629°( 0.805 0.010 | 0.057 | 0.382
Average | 1.004 | 0.029 | 0.835 .1 0.009 | 0.058 | 0.373
%RSD | 3. : 236 | 7 | 6.186 | 4.562 | 2.749
0:936 | 0.061 | 0.755 .029 | 0.010 | 0.011 | 0.124
9.893 | 0.066 | 0.700 | 0.104 | 0.029 | 0.011 | 0.011 | 0.122
Dec | 0.929.] 0.060 [ 0.715]0.094 | 0.028 | 0.010 | 0.010 | 0.114
Source | Average) || 0:919 %Eg“ 10:029+] 0:010 | 0.011 | 0.120
A %RSD [ 2.5104 5.1 2d 5 2.014 | 5,587 | 5413 | 4410
Average of 0.046 4 0.780 | 0.08Z 0.105 | 0.010,| 0.247 | 0.034
|
[J
ratio (leaf/stem) 20.91 8.97 10.5 7.26
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Table 4.13 Percentage content of madecassoside(MS) and asiaticoside(AS) in

extracted powder by HPLC.
Lot NO. %Content Ratio Average | SD of
Madecassoside | Asiaticoside MS/AS of ratio ratio
1 44.97 31.56 1.42
. 39.66 0.96
3 38.92 0.96
4 47.60 8 o~
3 37.1 29 39, : 93 1.10 0.22
Table 4.14 Stabﬂ ssoside and asiaticoside in extracted powder
at 50.°@ // / \\ d
Months IJ!M@ n\m}\ Lot 2
Misd £ =AS T\ MS AS
0 42078 B AR 2NN, 47.78
1 Bod J T 24508 NI\ "2 88 47.56
2 B F. 17 47614 N\ 38.90 43 85
3 36 H 'iﬁ" ‘\\\ 42.13 47.29

t’:{ "-_-_J"

275775 778

)
ﬂ‘UEI’WlHVlﬁWEI’]ﬂ‘i
’QW’lﬁ\ﬂﬂ‘iﬂJ UNIINYAY
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Table 4.15 Percentage content of madecassoside(MS),and asiaticoside(AS) in
whole plant of Centella asiatica by TLC from 2 sources (A and B) in annual
period

Percent content
Month MS AS
A B A B

Jan 0.936 0.496 1.143 0.426
0.996 0.578 1.141 0.510
0.982 J 1.114 0.493
Average 0.9 N ' 1.133 0.476
%RSD 3 10,27 430 9.324
Feb 0. 0284 = ~£Y 0.176
7 ORITNTISY. 0.212
. /10! “M. 0.208
Average 258 0.199
%RSD 6. -0 D3R\ 9932
Mar ; T , 0.890
0 . (10434 , 0.821
4 “:T'. / L 0.827
Average - 0. AT AR 0.846
%RSD 1 1212 1,602 4.518
May 1.3 JE L 481 1.292
1.649 RS .607 1.110
1.622 77200 a4 1.536 1.262
Average '} 1.601 — |~ 1.645 41 1221
%RSD ' . 7.989
June ~1.457 = ( 0.944
111416 .885 0.921
1341 1.181 0.8 0.837
Average 1.405 1.26%0 0.879 0.901
%RS . ; 35688 6.233
July 751 81 0.510 1.290
Y 0.779 1.662 0.582 ‘J 296
laXA 1 ‘ Igfg ~y ~ ™ 849
verage A | I£3)2
RSD 4.216 4.611 7.726 2.454




Table 4.15 (Continue)

Month %content
MS AS
A B A B
Aug 0.972 1.293 0.765 1.072
0914 1.128 0.814 0.953
1.037 1.169 0.887 0.950
Average 0.974 ' ‘ 0.822 0.992
%RSD 6.315 7.469 7.017
Sep 0.584. . 0.493 0.660
: )97 85 0.676
951 43 0.689
Average 9 0.540 0.675
%RSD . i 2.152
Oct 1 920 0.455
-0 x } 0.418
7 .0.749 0.411
Average y L0, 0.428
%RSD 3 Frri 909 5.524
Nov 00064 - [i& 0, 610 0.270
9 ey 72 0.255
0.487 . © .509 0.233
Average 0.562 = 0.564 0.253
%RSD 11.6 1552008 A6: 9.050 7.365
Dec F 0.559
— 0.556
102 0.550
Average bp 0.5 0. 0.555
%RSD 6.304 8.412 5.2 0.826
o (Y]

u H)@é‘ﬂ 0.733

Averagﬁ
annu;

Yl

AN TUNNINGAY

126



K27

Table 5.1 Chromatographic system suitability
Retention time Resolution Tailing
(tr) (Ry) Factor
Madecassoside 34 3.63 1.39
Asiaticoside 5.4 5.58 1.46
Madecassic acid 6.3 2.11 1:32
Prednisolone 3.86 1.67
Asiatic acid OB 11.24 1.13
:i';'i_' }
T
T——
Table 5.2 Method /n test of'] . analytical method
Madees / éﬁ\\ ssic acid | Asiatic acid
Accuracy \
(%RYV) 100416 (_Oll'- ; 99.68 100.14
Mean & A & \
Range 97.15- 92:100.96 | 97.12-102.78 | 97.64-102.97
Precisicn \
(%RSD) \
intra-day 1.75 1.51
inter-day 1.76 1.50
Range
(mg/ml) 0.008-0.048 0.004-0.024
Linearity 3 —=i‘; »
R? 09 9999 0.9999
Slope ml : 09957 1.000
Intercept -6:001 -0.00 2} “ JE-05 0
LOQ 5.9 & 1844, Z.11 232
ml | =
d

AN TUNNINGAY



Tablet 5.3 Data of method validation for Thin-Layer Chromatograph

acid(MA) and
from 2 sources (£

Madecassoside Asiaticoside

Accuracy

Y%recovery 97.11-104.07 (99.81) | 95.20-102.92 (99.18)
Precision

%RSD 0.79-1.47 (1.07) 0.70-1.63(1.18)
Linearity and range

Slope (A) 0.9721

Intercept (B) n 0.0604

r = 0.9997

Range (mcg) ‘-I:"'_. 0.78-15.60

128

content

Month t content
MS MA AA
LA B A B
January 1,023 020 | 0.013 | 0.014
— 260 | 0.161 | 0.164
962 | 0.105.]. 0.060 | 0.086 | 0.065
1.166 | 0.011 | 0.053 | 0.031 | 0.031
48,1 0,091, 0,045 | 0.074 | 0.040
1,341 0:1821](0.184 | 0.092 | 0.060
1.156 | 0.215] 0.174 | 0.123 | 0.075
0568 | 0.411 |9.159 | 0.155 [:0.149 | 0.089
142311 0. %.&6 0.063
: 140 [ 0.3 i 336 | 0.101
December | 0.648 | 0.514 | 0.664 | 0.479 | 0.009 | 0.005 | 0.036 | 0.018
Average | 0.956 | 1.033[0.909 | 0.745 [ 0.159 | 0.112 | 0.124 | 0.069
Average
of percent 0.994 0.827 0.135 0.097
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(b) Percentage content of madecassoside(MS), asiaticoside(AS), madecassic
acid(MA) and Asiatic acid(AA) in leaves and stems of Centella asiatica by HPLC
from 2 sources (A and B)

Garden Percent content
MS AS MA AA

Month | Leaf | St f | Stem | Leaf | Stem | Leaf | Stem

9 1.552.4:0. 0.072 | 0.309 | 0.007 | 0.445 | 0.043

Source B 12 0.903 810.027 | 0.007 | 0.128 | 0.008

9 3240, 0.187 | 0.008 | 0.399 | 0.059

Source A 12 064 | 0.7 10.023 ] 0.011 | 0.126 | 0.010

Average 4 .137 | 0.008 | 0.268 | 0.030
Percent content ratio

(Ieaf/stem) 16.576 9.076

Table 5.5 Perce

ecassoside(MS) and asiaticoside(AS), in
whol€ pl from 2 sources (A and B) in
annual peri
Month
AS
_ B
January = 133, 0.547
Febru . ‘ 0.205
March = 838 0:695 0.800
May ~ 1.601 1.678 1.541 1221
June ¢ 1.660 1478 1.052 1.058
‘ 1132 1 L 01793 0.939
September 0.590 . 0.934 0.540 0.720
ober ~$%8' 0.7 20765 .| 0464
Noy ﬂétguﬁ 0.562) 4] 0292 Yc.ﬁ 100.224
December 0.568 0.747 | 0486 | 0.647
Average 0.876 0.965 0.759 0.733
Average 0.920 0.746
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Figure 4.1  TLC chromatogram of reference standard and isolated compounds
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Figure 4.2  HPLC chromatogram of reference standard and isolated compounds

Figure 4.2a HPLC chromatogram of reference standard madecassoside
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Figure 4.2¢  HPLC chromatogram of reference standard asiaticoside
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Figure 42¢ HPLC chromatogram of reference standard madecassic acid
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Figure 4.2g HPLC chromatogram of reference standard asiatic acid
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Figure 4.3 IR spectrum of isolated madecassoside
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Figure 4.4 IR spectrum of isolated asiaticoside
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Figure 4.5 IR spectrum of isolated madecassic acid
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Figure 4.6 IR spectrum of isolated asiatic acid
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Figure 4.7 '"H-NMR of isolated madecassoside
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Figure 4.9 "H-NMR of isolated madecassic acid
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Figure 4.11 3C-NMR of isolated madecassoside
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Figure 4.13 BC-NMR of isolated madecassic acid
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Figure 4.15  Percentage content of extraction of Centella asiatica with

methanol-water (80 %) at various time

Madecassoside

$ s
EX 4
s

>
*

0 50

100 150

Roﬁmlnnlim- )

0.300

0.250

200

0
g 0.150

0.050

0.000

Madecassic acid

-
28 xdng
o time (min)

i

ﬂUEI’JVIEWl?WEJ’]ﬂ‘ﬁ
ammnmummmau

143



144
Figure 4.16 HPLC chromatogram of sample with (b)/without (a) pretreatment with
solid phase extraction
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Figure 4.17 HPLC chromatogram of standard (a) and extract sample (b)
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Figure 4.18  3D- HPLC chromatogram of standard solution (a) and sample
solution (b)

a) 3D- HPLC chromatogram of standard solution




147

Figure 4.19 UV spectrum of each compounds in standard solution and sample
solution

Figure 4.19.1 UV spectrum of madecassoside in standard solution (a) and sample
solution (b)

a) UV spectrum of madecassoside in standard solution
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Figure 4.19.2 UV spectrum of asiaticoside in standard solution (a) and sample
solution (b)

a) UV spectrum of asiaticoside in standard solution
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Figure 4.19.3 UV spectrum of madecassic acid in standard solutior: (a) and
sample solution (b)

a) UV spectrum of madecassic acid in standard solution
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Figure 4.19.4 UV spectrum of asiatic acid in standard solution (a) and sample
solution (b)

a) UV spectrum of asiatic acid in standard solution
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Figure 20 HPLC chromatogram of standard solution of madecassoside,
asiaticoside, madecassic acid and asiatic acid by using phenyl column as
stationary phase and acetonitrile-phosphate buffer (10 mM, pH
6.2)(23:77) as mobile phase
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Figure 4.21 HPLC chromatogram of standard solution in several of organic

solvent in mobile phase;

Figure 4.21a HPLC chromatogram by using the mixture of acetonitrile and
phosphate buffer(10mM, pH 7.1) at the proportion of 28:72 as
mobile phase
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Figure 4.22 HPLC chromatogram of standard solution effecting by pH of mobile phase
and concentration of buffer in mobile phase

Figure 4.22.1 HPLC chromatogram of standard solution effecting by pH of mobile phase;
pH7.0 (a) and 7.1(b)

a) HPLC chromatogram by using the mixture of acetonitrile and
phosphate buffer (10 mM) at pH 7.0 as mobile phase
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Figure 4.22.2 HPLC chromatogram of standard solution effecting by concentration of buffer
in mobile phase; 10mM (a) and 20mM (b)

a) HPLC chromatogram by using the mixture of acetonitrile and phosphate buffer
(10 mM) at pH 7.1 as mobile phase
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Figure 4.23  Color Faded diagram in TLC chromatogram of madecassoside (MS) and
asiaticoside (AS) by using 0.2 % anthrone reagent (a) and Lieberman

Burchard ‘s reagent (b) as spraying reagent

a) Color Faded diagram of MS and AS using 0.2% anthrone reagent
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Figure 4.24 TLC chromatogram of standard (A) (MS and AS) and CA extract (B)

detected by TLC- densitometer

A TLC chromatogram of standard MS and AS
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Figure 4.25 Linearity and range test of HPLC and TLC analytical methods

Figure 4.25.1 Linearity and range test of HPLC analytical method of madecassoside,
asiaticoside, madecassic acid and asiatic acid

Figure 4.25.1.1 Linearity te JPLC analytical method of madecassoside
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Figure 4.25.1.3 Linearity test of HPLC analytical method of madecassic acid
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Figure 4.25.2 Linearity and range test of TLC analytical method of madecassoside and
asiaticoside

Figure 4.26.2.1 Linearity test of TLC analytical method of madecassoside
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Figure 4.25.2.2 Linearity test of alytical method of asiaticoside
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Figure 4.26 Percentage content of madecassoside(a), asiaticoside(b), madecassic acid(c)
and asiatic acid(d) in Centella asiatica by HPLC analytical method from 2
sources (A and B) in annual period
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c Percentage content of madecassic acid
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Figure 4.27
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Percentage content of madecassoside(a), asiaticoside(b), madecassic
acid(c) and asiatic acid(d) in Centella asiatica by HPLC analytical
method in part of leaves and stems from 2 sources (A and B)

a Percentage content of madecassoside
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c Percentage content of madecassic acid
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Figure 4.28 Percentage content of madecassoside (a) and asiaticoside (b) in
Centella asiatica by TLC analytical method in annual period

a Percentage content of madecassoside
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Figure 4.29 Correlation of results of determination of madecassoside and asiaticoside in
Centella asiatica from 2 sources (A and B) by using HPLC and TLC method
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