CHAPTER 1V

RESULTS AND DISCUSSION

4.1. Collection and storage of plant sample

ing the second week of each

month of the xcept in Ap (tom two gardens (garden A and

inNaje : \\‘7\\\#  in table 4.1.
For ea ‘ s»:_' \‘k-\ obta ned 1 kg of ground dried

e glycoside

4.2.

racted and isolated of the
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4.3.1 Preparation of AS and MS

Each 100 mg of powder A was isolated by column chromatography

yielded 22 mg of AS (22%) and 25 mg of MS (25%).
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4.3.2 Preparation of AA and MA

Preliminary investigation revealed that source of CA contain very
small amount of the aglycone compounds (MA and AA), in addition, to
analyze the content of interested aglycone compound, there must be

@d of each interested aglycones.

Therefore, the 4@A) were prepared by the

enough amount of 1

transformatio (MS and AS) via a alkaline
hydrolysis.
Each 2.5 g of po dor £ after. the 2 kaline hydrolysis, yield 1.4 g

. -
\
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The pewde % v”w 1at1 ind purification from column

(56%), powdsg

chromatography, ga --f ‘ A and 39 mg (39%) MA.
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The isolated triterpene glycosukand its aglyccwﬁ can be identified

] Wliolrshiolmatberibishobhisies bnd bbbt techniques.
! Two chromatographic methods (TLC and HPLC method) were
selected by comparing the R¢ value and the retention time of the isolated

compounds to the references standards.
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4.3.3.1 TLC method

The Ry values of isolated MS (0.37), AS (0.48), MA (0.77) and

AA (0.92) were corresponded to theirs standards, as shown in Figure

4.1.

I MS (3.4 min), AS (5.4 min),

ere corresponded to theirs

4.3.3.3 Spectr '.'?f‘.’...(. .

L Two specirop

N 5 frared spectrometry, and
I"

nucleaB magnetic resonance spectror etry) were selected for

) ﬁﬂ‘?ﬂﬁﬂ?ﬂﬂ*‘] 179
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Both glycosides, MS and AS, showed the characteristic
absorption band in the IR spectrum as shown in figure 4.3 and

4.4; broad band at 3411 cm™ for OH stretching, 1735 cm™ for
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ester carbonyl stretching, 1647 cm’” for C=C stretching , 1064
crn” for C-O stretching.

Both aglycones, MA and A A, showed the c haracteristic

absorption band in the IR spectrum as shown in figure 4.5 and

4.6; broad band at 3429 em” for OH stretching, 1692 cm’ for

wg, 1035 cm’'for C-O stretching.
_—‘._4.

Aone \ nce spectrometry (NMR)

\ dAS showed in figure 4.7

n of MS and AS showed in

500 MHz) of the isolated AS,

2 (four singlets and two
c 14/ (triplet-like, 1H-12) and
B’lo (doublet, J = 10. 98 Hz, 1H- lﬂindicating the presence of a

AU o B Ty AT e s

showed the t}gee doublets of the anomeric otons (65.18,) =
RARGE %4%’14’3@%&13’]@ d
For 'H-NMR spectrum (500 MHz) of the isolated MS,
showed the signal in range 0.7-1.2 (four singlets and two
doublets of six methyl group), 5.14 (triplet-like, 1H) and 2.10

(doublet, J = 10.98 Hz, 1H) indicating the presence of a A'%-
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ursene skeleton. The sugar part of the '"H-NMR spectrum
showed the three doublets of the anomeric protons (85.15, J =
5.8 Hz; 4.25,J = 7.93 Hz; 4.85, J = 4.87 Hz). Furthermore, 'H-
NMR spectium showed additional signal at 4.04 of -CHOH-

(doublet of doublet, 1H).

of the isolated AS and MS,

-COOR), 137 and 124 (-C=C),

mene skeleton.

ﬂ ug ﬁ"ﬂ*gfﬁ YRR P f o ot Mo

showed the s ‘gnal in range 0.7-1.2 (four smglets and two
QI BGRB8 A TGRS 0
(doublet, J = 10.98 Hz, 1H) indicating the presence of a A'*-
ursene skeleton. Furthermore, 'H-NMR spectrum showed
additional signal at 4.04 of -CHOH-(doublet of doublet, 1H).

r C-NMR spectrum of the isolated AS and MS,
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showed the signal around 175 (-COOR), 137 and 124 (-C=C),

76 (C-C=0), 60-70 (3C-0).
4.3.3.3.3 Physical properties

D ) ated compounds, found at 215-217
B 6-268 °C (MA) and 305-307

)

esponded to literature review.
“'-.\

>\“\,‘

%

triterpene glycoside and

, MS, AA and MA were 101.3,

95.55493.08 Iculated by comparing the

B
-

- peak afe; B oo of the reference

| J
i¥ |

standard.’
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4.4. Development of quantitative analytical method for the

determination of AS, MS, AA and MA

4.4.1 Development of sample preparation

plant sample with 90 ml of
L water for 3 hours, as shown in
(3 ethanol in water gave the
n the extract. Therefore, the
r was chosen as the extracting
ore methanol may cause too more
S.in t e matrix.

1. ? uxing time as shown in

mble 4.3 and ﬁgure 4.15, the ﬂa under the peak of each

i LG AL

with the 1ncre§nent of reﬂuxmg time and remam constant after
Concluded, The optimum sample preparation was
followed; five gram of dried ground sample was refluxed with

90 ml of 80% methanol in water for 90 min.
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4.4.1.2 Clean up of sample preparation by solid phase

extraction

SPE cartridge containing C18 stationary phase was

chosen for clean up the sample preparation before injecting the

/l/m. To determine the solvent for
lﬁthe sample, it was found that
| /o of acetonitrile-water could
ut. ¢ lutmg out the interested
d The mixture of 10% of
ective solvent than water for
e sample.

solvent for eluting the analyte,
L ph osphate buffer eluted all
| ::4 (97-103% recovery).

To determine the volumﬂf the eluting solvent, three

ﬂ 4 ﬂwﬂ ﬂlﬂ“wﬁ“w%ﬂﬁm more effective than

eluting with thﬁ: same smgle total volume (3
ARIANN 38 M%@%ﬂﬂe&ﬂﬁr&lmm ofthe

sample which had been passed through a clean-up process

compared to the sample which had not been passed through the

clean-up process.
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4.4.2 Development of high-performance liquid chromatographic

method (HPLC method)

4.4.2.1 Criteria of the method development

nitrile and phosphate buffer was used
> lower UV cutoff than 200 nm.
-18 column with the mobile
d 10 mM, pH 7.1 phosphate
> 1 ml/min was found to be
(our compounds (IMS, AS, MA
17. Because of resolutions of
more than 2 and tailing factors of
than 2. Resolutions of these
777777777777 “ (AS), 2.11 (MA), 3.86 (PL)
mmd 11.44 (AA). Tailing factor-ef all compounds were 1.39

ﬂuﬂ“ﬁww%wm> w113 (4. i

numbers of t%eoretlcal plate were 2026 (MS) 2717 (AS), 4445

Figure 4.18 represented 3 D chromatogram of standard
solution and sample solution; where as the figure 4.19 represent
the UV spectrum of reference and the sample compound. It was

noticed that the UV spectrum of the standard and the sample
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were identical in all analyte peaks.

4.4.2.2 Effect of stationary phase

Phenyl- column had also been studied for separation of

MS, AS, MA and A hy using acetonitrile-phosphate buffer
bile phase was optimized for

A as presentation in figure

\ popular and more durable

y using acetonitrile-phosphate

s mobile phase was optimized

mp unds as presentation in figure
en in this study.

7

m23Effecto onephase m

ﬂuﬁl?ﬂﬂﬂiwmﬂ‘i

4.4.2.3.1 Eff&ct of ratio of orgamc solvent in buffer

The effect of mobile phase composition was
investigated by increasing the organic modifier, acetonitrile
form 28:72 to 29:71. Table 4.4 represented the retention time

(tr) and capacity factor (k’) of each analytes upon changing the
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solvent ratio from 28:72 to 29:71. Figure 4.21 showed the
HPLC chromatogram effecting composition of mobile phase. It
was noticed that increasing the modifier for 1% this effect the
retention time of each analyte. The k’ of MA, which is more

polar than AA, was decreased more than k’ of AA. It was also

/e onitrile more than 29% caused the
A ] ‘&eak.

xact ratio of organic modifier

analyte. To small amount of
\ -\ sis time due to the longer
. In contrast, to more amount of

other AS and MS.

! d pH of buffer

m The effect of c angmg pHJBf buffer from 7.0 to 7.1 on

AUE T SNE e = 2o e

figure 4.22. Table 45 r resented the retentlon time and
7 ARG RARIEHR Gt
from 7.0 to 7.1. It was observed that only MA was effected by
increased the pH more than AA and the other compound.
From the experiment, the pH of buffer was critical factor

for the resolution of the analyte. The pH of the buffer less than
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7.0 might length the analysis time. The pH of the buffer more
than 7.1 might cause overlapping of MA to AS. A more
increasing pH of buffer to alkaline might cause deterioration of
column by alkaline hydrolysis.

The effect of concentration of buffer was also

1 ixture of acetonitrile and phosphate
, 29471) éatlon of buffer 10 and 20 mM
4.22.2 represented the
entration of buffer from 10 to
) e ffect was observed on the
tefore the concentration of 10
in order to minimize the

precipitat 6n-6f '7 ro; pmpound by the organic modifier.

ﬂ u mlwﬁmwasﬁfﬁme internal standard,

only the predglsolone showed a peak appearance in between

ARIQERF R WA I VR b ot

compound, as shown in figure 4.21. Therefore, Prednisolone

was chosen as internal standard.
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4.43 Development of thin layer chromatographic method with

densitometer (TLC method -densitometer )

TLC combined with d ensitometer w as used to determine M S

and AS in the CA plant sample by using chloroform-methanol-water

(30:15:2) as . Figure 4.24 represented TLC

and sample of CA extract in

ot, developed by Lieberman

Burchard’s ’f»:{v s‘ i . Figure 4.23 showed color faded
. e Jﬂ'uif .
diagram o “s sp

o

7 = )

sa

Chroumographic cond’i’t’i'on m

PHW ANTNINTAR T

velopmg solvent Chloroform-methanol-water 80 15:2)

q Waeatﬁ:ﬂ imsﬂ.&%{'ﬂam&}@ Ea} 110 °C for 10

min and keep at room temperature for 30 min,

Densitometer at wavelength 525 nm.
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Densitometer parameter

Photo mode  : Reflection
Scan mode Linear

Set zero mode : At star

Beam size : 0.4 x 1.0 mm.

Wavelength

recommended to test for 2

sections, method validation stem suitability test.

Y]

J|
i¥

ﬂ u E] ?%WWﬂqﬂﬂmmve limit, linearity

and range were considered i m the method vahdatlon study.

ammnimumqwmaa

4.5.1.1.1 Accuracy

The accuracy of an analytical method is the extent to

which test results generated by the method and the true value
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agree. The true for accuracy assessment can be obtained in
several ways. One alternative is to compare results of the
method with results from an established reference method.
Secondly, accuracy can be assessed by analyzing a sample with

known concentrations, for example, a certified reference

material, )measured value with the true value

&1. If such certified reference

5. b h K-sample matrix of interest can

\\\\
\\

ith, th

tration by weight or volume,
. After extraction of the analyte
a *w. njectio 0 the analytical instrument, it’s
?ﬁ i \-\ omparing the response of the

th the respe f the reference material dissolved in

Y
Accuracy was tested in tﬂ: of percentage recovery by

ﬂ u ﬂdrz WBSW wlm ﬂ Tous concentrations.

Percent recoyery of MS was in the range of 99.12-102.3 and
Y1) T A Ve B v o
AS was in range of 100.1-101.8 and average of percent
recovery was 100.6. Percent recovery of MA was in range of
98.97-100.2 and average of percent recovery was 99.68.

Percent recovery ot AA was in range of 99.29-101.3 and
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average of percent recovery was 100.1. As presented in Table
4.6. The accuracy test of this method was in the acceptance
criteria (96-104 %R) so it could be used to determine the

analytical compounds in CA plant sample.

cal procedure expresses the
‘a series of measurements
of the same homogeneous
X Pre Sed as the variance, relative
¢ coefficient of variation of a
ec1sion was considered at two levels:

sion) and intermediate precision

4

y

ﬂuﬂWﬂBmi

Rel {mve standard deviation was calculated from
QARG B e 0
various concentrations. It found that %RSD of MS, AS,

MA and AA were in the range of 0.38-1.79, 0.54-1.19,

1.41-2.04 and 0.86-1.78, respectively. Mean %RSD of MS,

AS, MA and AA were 1.60, 1.21, 1.75 and 1.51,
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respectively. As presented in Table 4.7. These relative
standard deviation of intra-day precision were in the range
of acceptance criteria (%RSD < 2) so it could be used to

determine the analytical compounds in CA plant sample.

‘deviation was calculated from
s“preparation for three days at
j nd that %RSD of MS, AS,

ange of 0.68-1.42, 0.33-1.52, 0.80-
\. ‘~\, y. Mean %RSD of MS, AS,

e \\\\ 5, 1.76 and 1.50, respectively.
DA \ N T
W ARE

le 4.8. These relative standard

ecision were in the range of

LY : 7 :"j so it could be used to

-. detorm e Cl comhnds in CA plant sample.
AULINENINYINT
QARG 03 e 16

of a plot of signal as a function of analyte concentration or

content. If there is a linear relationship, test results should
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be evaluated by appropriate statistical methods, for
example, by calculation of a regression line by the method
of least squares. In some cases, to obtain linearity between
assays and sample concentrations, the test data might be

subjected to mathematical transformation prior to the

.011x-0.0013 for MS, y =
x+2E—05 for MA and y = x
etermination (%) for MS, AS,
1997, 1000 0.9999 and 0.9999,
W

» d a good relation of standard

alytical found.

500 fMS,AS,MAand AA

m that show good linear correlation between concentration

ﬂ ) H ?ﬂﬂmwmlﬁccm&y (96-104 %R)

and preckmon (%RSD 2) were 0. 06 0.40, 0.05-0.33,

AW AN Thombladadh Q) Bty s o

in Table 4.9 and Figure 4.25.
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4.5.1.1.4 Specificity

Specificity is the ability to assess unequivocally the
analyte in the presence of components which may be

expected to be present.

an individval analytical
9“‘. analyte in the sample
T

: . J :
w}nch can be quantltatlvely “determined with acceptable

ﬂum%maw gn3

Quantitation 11 of MS, AS, A and AA were

ARI1ANA wummm &) ety i

10 times signal to noise ratio. Percent relative standard
deviation of five replications was less than 3. As shown in

table 5.2.
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4.5.1.2 System suitability test

Four parameters (precision, number of theoretical
plates, tailing factor and resolution) were determined the

system suitability test. The table 4.10 represented data from the

\ of system was passed the system

\ all interested peaks was less
ber of theoretical plates of all peaks
1445 (MA), 4434 (PL) and 4750

Hhéoretical plates were more

man 2000, this system was passeﬂystems suitability test.

ﬂ uU?ﬂﬂmﬂ‘ﬂmﬂﬁvm 1.39 (MS), 1.46

(AS), 1.32 (IV£A) 1.67 (PL) and 1.13 (AAU{esolutlon for all
ARQ SO B ke, 356 o1
and 11.44 (AA). This system was passed the system suitability

test because tailing factor of «ll interested peaks was less than

2.
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4.5.2 Validation of TLC-Densitometer method

Accuracy, precision, linearity and range were considered in the

method validation study that presented in table 4.11.

nalytical method of MS was in
\‘\‘ 81). Percentage recovery of

G

.3 (average at 99.18). The

percentag ’“\\\\u mpounds were in acceptance

cri od was used to determine the

,. ant.

flu oA Yy ey oo o

analytical met‘hod of MS from five rephcatlons was in range of

AR SVDVRRR Bhove s

deviation (%RSD) of analytical method of AS from five

replications was in range of 0.70-1.43 (average at 1.18).
Because of Percentage relative standard deviation (%RSD) was

in acceptance criteria (%RSD < 2), this method could be used
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to determine the MS and AS in CA plant sample.

4.5.2.3 Linearity and range

The coefﬁcients of determination (r*) of MS and AS

.' ' , respectively. These r* showed a
: @\ so this method was used as

in figure 4.25 and table

e 80 od relation between amount
. o) racy and precision were in

- 15.60 pg respectively.

4.6.Determination of thi Cot nt o \Q and AA in CA.

4.6.1 HPIQ mefhod 'm
ﬂumwﬂmwmm

Percentage of con&ent of MS, AS MA and AA in CA dried plant

N Rl o6 A VAT G e 2.
MS in source A was found in the range of 0.313 — 1.664 % with
average at 0.950 %. The maximum content was observed in June and the
minimum content was observed in February. In source B, MS was found in

the range 0.149 — 1.941 % with average at 1.031 %. The maximum content
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was observed in May and the minimum content was found in February.

AS insource A was foundintherange of0.291 — 1.742 % w ith
average at 0.889 %. The maximum content was observed in May and the
minimum content was found in February. In source B, AS was observed in
the range of 0.140-1.341 % with average at 0.745 %. The maximum

%ﬂem was found in February.

MA in A as, fo adZinthe range 0.007- 0.411 % with

. \ s observed in February and
the minimum | \ ~\\ source B, MA was found in

the range 0.0 vitha ‘, & ‘ " 09 %. The maximum content

content was in July

was observed 1 and the minimum content was found in
the range 0.013 — 0.336 % with

average at.0.115.%: Tl € maximu as observed in November and

the minimum ¢ t w. 7 o ’ ource B, AA was found in
the range Om4 0.164 mg % with averagem( 0.065 %. The maximum

contﬂ ﬂ ErerJe(w ﬁmﬂﬁm% found in January.

“UTo d etermined the £ ontent of1 ntcrested compounds in leaves and
QG AR U TR .0
AA) 7-24 times more than in stems. In leaves, MS, AS, MA and AA were
found in the range of 0.919-1.552%, 0.712-1.006%, 0.027-0.309% and
0.120-0.455%, respectively. In stems, MS, AS, MA and AA were found in

the range of 0.029-0.062%, 0.069-0.098%, 0.007-0.010% and 0.008-
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0.058%, respectively. As represented in Table 4.12 and Figure 4.27.

The developed methods were also applied to analyze five extract
samples as shown in table 4.13. The extract powders contained 37.12-
47.60% of MS and 31.56-41.41% of AS, respectively.

Two lots o fthe C A extract also subject to the stability p rogram.

Iwml chamber at 50 °C and 75%RH
Gﬁd AS were determined every
month as sho( | 1t that the percentage content
of MS and A | were insignificantly difference throughout the

program. These 2 ra able un der this condition not less

than 3 month ensive shelf life e extract powder is 2 years.

M? ’ | tange 0.321 — 1.660% with

average at Om76 %. The maximum content \ﬂ observed in June and the

mImWMﬂW Tm HTTIT?B MS was found in

the r se 0.258 — 1.678% Xylth average at 0.759 %. The aximum content
i it ARTBAR B

AS in source A was found in the range 0.241 — 1.541% with average

at 0.965 %. The maximum content was found in May and the minimum

content was observed in February. In source B, AS was found in the range

0.205 — 1.239% with average at 0.733 %. The maximum content was found
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in July and the minimum content was observed in February.

As presented in Table 4.15 and Figure 4.28.

4.6.3 Comparison of percent content of MS and AS between HPLC and

TLC method

Figure 4.29 1 sresenited ce eéﬂs of percentage content of MS

and AS in CA extraet*fie o \\ and TLC method. It was
found the percen#age €0 / ofiea ‘\.\f.

d from 2 sources were well

correlated moreghan83%. So, T1.C 1ay be used instantly HPLC

method for determinatio o?lﬁ' w\\ \ e of HPLC method was more

complicate and expe ﬁ

h \ ut it was more accurate, precise

Y

L

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’]ﬂ‘i
ammnmumfmmaﬂ
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