CHAPTER III

EXPERIMENTAL

Part ! nical Study

Source of Plant ‘_-__‘_

—— ained from its habitat in the

™SSt 1993. The plant material
ns in the Botany Section,
Winistry of Agriculture and
rbarium of the Faculty of

The stem barl s
area of Erawan waterfz_
was authenticated by ~
Technical Division, L+
Cooperative. A vouc,
Pharmaceutical Sciences

1.  Analytical THin%E
Technique

Adsorbent bated plate

Layer thickness ﬂ2em

Distance ﬂﬁﬂ@ﬂﬂﬂﬂiﬂ&l’lﬂ‘i

Temperature : Laboratorystemperature (30-35°C) o
e 1ONT) AU NANYIAY,.. .. ..
wavelength of 254 and 365 nm

2. 10% Sulphuric acid in ethanol (10 ml sulphuric acid
was dissolved in 90 ml ethanol)
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3.  Anisaldehyde-sulphuric acid spraying reagent (0.5%
ethanolic solution of anisaldehyde with 5% sulphuric
acid)

4.  Vanillin-HCI spraying reagent (5% Vanillin in ethanol
with concentrated hydrochloric acid in the ratio 4:1,
just Rriw i g nse)

7 i Column Chrg=

Adsorbent — '- ¥ - \sreicie size 0,040 20063 mm
Packing method g : : .

Sample loading
was dissolved in a small

it then added gently on the top

le ontract was dissolved in a small
golvent, mixed with a small quantity
X 1tcd and added gently on
Y

Examination of elusfes : Fractions were examitdd by TLC using visual
¢ &, detection unggr ultraviolet light at wavelength of 254

FUEIRBRINBINT oo
AR T Inenay

Gel filter Sephadex LH-20 (Pharmazia)

LR

Packing method 2 Gel filter was suspended in the eluent and left standing
to swell prior to use for 24 hours. Then poured it into
the column and allowed it to be settled tightly.
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Sample loading : The sample was dissolved in a small volume of eluent
and put on the top of column.

Examination of eluates : Fractions were examined in the same manner as

described in the section 2.1.

4. Spectroscopy

4.1 Ultraviolet (U gion Spectra

Ultraviolet absornt i # . with a Lambda Series PECSS

UV spectrophotometer.
4.2 Infrogs R\ copy

IR absorptig imadsu IR-440 infrared

spectrophotometer, usir
4.3 iF ‘ et | % S\R) Spectroscopy

All the TH NME# JPC 1373208802 w\% Wtained with a JEOL alpha FT

NMR spectrometry by oper: g gezr=s 28100, 125 MHz respectively and
taken by using acetone- dg asf;@ = = gemical shifts were reported in ppm
scale. ava

=9
A

4.4

Electron-impa mdss spectra (EIMS) were obtai™® by operating at 70ev with
a Hitachi M-60 wi VG Trio @M00 mass spectrometer (using a direct
i e U BT OIRU L
Hitachi RMU-78limass spcctrumcter The spm:trum type is regular (MF-mear}

ﬂﬁ’lﬁﬁﬂ‘a’m AR INYIAY

Throughout this work, all organic solvents were commercial grade and had to
be redistilled prior to use.

Extraction

The fresh stem bark of Derris reticulata Craib (5.5 kg) were marcerated twice
for three-day period, with 95% ethanol and then filtered. The filtrate of each
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maceration were pooled and concentrated to remove ethanol under reduced pressure to
yield 801 g (14.56%) of brown syrupy mass.

Isolation of Chemical Substances

The crude ethanol extract (210 g) was dissolved in water and then partitioned
with ethyl acetate. The ethyl acetats Jwj Jof, was separated and evaporated to dryness
under reduced pressure to yield & 1 g urupy mass and named DR-EA. The
118.0 g of redish-brown syrupy

water extract was evaporatd :
mass and named DR-W. sm—m—t 4 e

even equal portions. Each
Ssadex LH-20 (4 x 70 cm) with
L ™™=nd on the colour bands

The DR-EA =
portion (5.95 g) was pur
methanol as an eluce®
(approximately 20 ml » N-cted and examined by thin

layer ::['u'nlmatug1‘z‘1pl1§,r (" ilar pattern were combined

.y s % 3
Table 20 The Combinec™t: & ‘_ Wlc Cxtract

Fraction Remark

F-01 \ v &) th-brown solution
F-02 ‘ BX Jen solution

F-03 e orzghie solution

F-04 . , pal;,rcl]ﬂw solution
F-05 n 1AL OALLAR £ ¢ n D &, solution

1. Is&ltmn of DR-1 ¢

qmawmmm ANV B s

six portidns. Each portion (5 g) was dissolved in a small quantity of chloroform,
titurated with silica gel G and dried under reduced pressure. It was fractionated by the
column chromatographic technique using a column of silica gel (4 x 70 cm) with a
gradient system that shown below.

a)  Chloroform

b)  10-80% Ethyl acetate in chloroform
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¢)  Ethyl acetate
d)  10-90% Methanol in ethyl acetate

Twenty ml fractions were collected based on the colour band. The eluates
were examined by TLC using chloroform : ethyl acetate (6:4) as developing solvent.

The fractions showing the same patterryiege combined together as shown in Table 21.

Table 21 Solvent Systems U atography of Fraction F-03

Fraction Remark
1-30 cellowish-brown solution
(afford Fraction A}
31-39 ale yellow solution
(afford Fraction B
40-92 bellow solution

(afford Fraction C)

93-137 gte in

(afford Fraction ™R 4

pale yellow solution

7 i
138-162 ‘ cu ; oL
(afford Fraction E) ¢
() &

Jil e yellow to colorless

solution

AL uN

methanol in ethyl acetate
5.9 101 AHSIGAETY
’ ¥4 - 1] ¢
163-28§ eradient of nie fanol cddisti-brown to brown
(afford Eraction F) ethyl ac€tate (40%, S&%&, | solution @F
N N NN (1B 1830 Vg VIE) |6

Fraction C gave interesting spots on TLC after treated with spraying reagents.

The combined fraction was evaporated under reduced pressure and rechromatographed
over silica gel column with chloroform : ethyl acetate (8:2) as an eluents. The fractions
which showed a major spot on TLC were combined together and then evaporated to
dryness. The residue was dissolved in small amount of chloroform and hexane was
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added dropwise to yield of 29.98 g (0.55%) (:-f"‘yeﬂﬂw necdiﬂ crystals. It was
designated as DR-1, and was identified as lupinifolin.

2. Isolation of DR-2

Fraction E (1.6 g) was dissolved in a small volume of ethyl acetate. It was
fractionated by wet packing column chromatography over silica gel 60 (3 x 60 cm) with
petroleum ether : ethyl acetate : meth g g'(7:3:1) as an eluent. Fraction of fifteen ml
were collected. The eluates v .
petroleum ether (7:3:2) as d AL ‘actions showing the same pattem
were combined. The o actgn (5 s purified using a column of
sephadex LH-20 (2 x 7 — | -~ p The eluates were collected
SSgiion) that shown in Table 22.

depend on the color bz,
The eluates were exary : ethyl acetate : methanol

(7:2.5:0.5) as developin
combined. '

4 TLC using chloroform : acetone :

Sowiig the same pattern were

Table 22 The Combiy Purified Using a Column of

Sephadex LH-20).

Fraction Remark
DR4-01 pale yellow solution
DR4-02 :~: ) :olourless solution
DR4-03 i} yellow solution

om fraction DR4-02
and ylclde:d 1 441 W gs ‘a d was identified as 8-

Pmnylgcnwtemﬂup‘!mghtccmﬂ] ¢
rhfsin] RIARIMURIANBARE
Physical and Spectroscopic Data of DR-1

DR-1 was obtained as yellow needle crystals. It is soluble in chloroform and
ethyl acetate.

[o]p24 : -8.7°(c 1.15 in CHCl3)
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m.p. s 115-117°C

EIMS :  m/z (% relative intensity) ; Figure 27
406 (72), 391 (100), 363 (6), 351 (5), 335 (4), 285 (7), 271
(22), 243 (12), 215 (34), 189 (4), 187 (3), 147 (4), 120 (9),
91 (9), 77 (4), 43 (5)

IR ;  v-cml K
325¢
Uv 3
IH-NMR  ; Sigure 30 - 30.2
(3H,br ), 1.64 (3H, br s),
(H, dd, J=15.0, 12.7 Hz)
O N ¢ /=7.33),
AN -0V (H, d, J=10.0 Hz),
N d, /=8.3 Hz),
W13 (H, s), 12.43 (H,s)
13C-NMR i< ; Figure 31-31.1

£5) 79.01, 80.00, 103.46,
842375, 127.13, 128.98,
I—r00.65411 57.52, 158.79, 198.09

ﬁfﬁﬂﬁﬁw%’wmﬁﬁ

Qs obtained as white amorphuus p-:}w rs.

W’] a %m% ’3 %ﬁﬁg ’l @yam 254 (35),

231 (2), 203 (3), 165 (11), 150 (12), 118 (8), 81 (5), 55 (7)

IR : vcm-l, KBrdisc ; Figure 36
3400, 3200, 1660, 1580, 1260, 1415, 880, 840, 820

TH-NMR 8 ppm, 400 MHz, in acetone -dj ; Figure 37-37.1

Ty
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1.64 (br s), 1.76 (br s), 3.43 (br d, J=6.0 Hz), 5.17 (1), 6.36
(S), 6.92 (d, J=8.0 Hz), 7.64 (d, J=8.0 Hz), 8.24 (S), 9.44
(br s), 12.88 (S)

13C-NMR ; & ppm, 100 MHz, in acetone -dj ; Figure 38-38.1
17.90, 22.00, 25.80, 99.50, 106.30, 107.20, 116.00,
123.10, 123.30, 123.70, 131.20, 132.00, 154.30, 156.30,
158.40, 1588884 . 182.00

acification

Material and Meth, . N yation

Stem and mStur, » \ \ A0 were collected from its
habitat in the area of F ¥ J £l ' % W% Bvince, Thailand, in August
1993, and stem and mat ' ‘ \\ anth. were collected from the

Faculty of Pharmaceut# e % ~;‘: nrversity, in September, 1993.
These plant materials we ‘enti, ,fﬁ' %M with herbarium specimens in
the Botanical Section, Tec T W nt of Agriculture, Ministry of

Agriculture and Cooperative. :.-"/ZTF
1.  ExperjaA ..’9_
, A

Examination g
performed by hand di®ving and photography. The dri®™ powder, sifted through a
sieve no. 60, of ﬁa stem ﬁaﬂuamm leaves olfach ﬁt was studied microscopically.

e LR T

gently warming @ concentrated sc:-lutiém of chloral hydrate and 30 readings were taken

e ARSI VI TR

2. Method of Palisade Ratio Determination (Trease and Evans,
1978)

e cmracters of the plants were

ns were cleared by

Pieces of leaf about 5 x 5 mm were cleared by warming with chloral hydrate
solution, mounted and examined under the microscope. A drawing apparatus was
arranged so that the epidermal cells and the palisade cells lying below them may be
traced. First, four epidermal cells were traced and their outlines linked in to make them
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more conspicuous. The palisade cells lying beneath were then focused and traced. The
palisade cells in each group were counted, those being included in the count which
were more than half covered by the epidermal cells ; the figure obtained divided by four
gave the palisade ratio of that group.

3. Method of Stomatal Number and Stomatal Index
Determination (Trease and Evans, 1978)

Fragments of leaf oth gnargin or midrib were cleared with

chloral hydrate solution. Ting lad gfarified leaf strips were examined
under the microscope. T — | Cil's i stomata were traced with the
aid of a drawing apparzs “ gwvas measured by means of a

stage micrometer. Calg

Counts were ™ rmal cells and of stomata.
A trichome was also c g Ol A" The stoma, consisting of
the two guard cells and or | 2" WIS\ Count the epidermal cells and
stomatal apparatus in {4t yigdaiad W the cells in one semicircle

were inclusive, while tho:

_ Pmillimetre, known as "stomatal
number", was calculated by di p".;’ﬁ? stomata by the area of the field of
view. The results sj{ciy—— J))af and the ratio between
the two surfaces. £ R

Calculated tisstomatal maex vy e formula o .alisbury. If the leaf bears
stomata on both surfaces,@hggtomatal index ggy be determined for each surface.

. GUUTNENENEANS. .. .
qmmmmma 18288 ...

central part of the lamina, midway between the margin and midrib, cleared by gently
warming in concentrated solution of chloral hydrate.

A microprojector drawing apparatus was set up and by means of a stage
micrometer an enlarged square corresponding to 2 mm x 2 mm was drawn on the
paper. The stage micrometer was then replaced by the cleared preparation and the veins
were traced within this 4 mm square area.
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When counting, it was convenient to number each vein-islet on the tracing.
Each numbered area was be completely enclosed by veins, and those which were
incomplete were included if cut by a two adjacent sides but excluded if cut by the other
two sides. The total number of vein-islets divided by 4 gave the average number of
vein-islets per square millimetre, or "vein-islet number”.

5 Method of Veinlet Tegppation Number Determination (Trease
and Evans, 1978) /s

The number of friN—, O] s ations, in 4 square millimetre of
the above tracing of Veir— e ycof ite  Smm——pumber divided by 4 gave the
average number of veinlet \ . tre of leaf surface.

Material and T Y A o 7 O, ci™ing the Thin-layer
Chromatographic P 4 ' AR N

1.
de B® h. were collected and dried in
the oven at 60°C. !
2 The Technig -1 =_layer
Chromatogr .' —_— - "
7 Y]

The conditions ufj fOr e () work are as follows :

) L dlF

Technique ¢ &, Two-dimensiqgal

U NN TNENNL.. .
PRI TOITIN g TRy

yer thickmess : 0.2 mm
Distance : 15.0cm
Temperature : Laboratory temperature (30-35°C)

The detail of each step is decribed below.
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2.1 Method of Extraction

Ten grams of dried coarsely powdered stem of each plant were macerated
separately in 100 ml of 70% ethanol for three days. After being filtered through a
Whatman filter paper No. 1, the filtrates were evaporated under vacuum at 60-70°C to
nearly dryness. The syrupy mass of the crude extracts obtained were then kept in small
well-closed containers and stored in sa il @ gitor.

2.2 Solvent , snsional TLC

In the present ¥ atogram patterns of chemical
constituents were illustrar=

\ Sloree different pairs of solvent
systems, as listed in TE0i" ® ) PR e e chromatograms.

For better separ
of double developme;
dimension 1. Freshly

\ -. Wshe crude extracts, the process
@ \ ied to the development in
@ ch development in order to

=y

improve the reproducibilit

Table 23  Developing 7 = ‘ ¥ wo-Dimensional Thin-Layer

Chromatography

Pattern o T o
: Y

A id oyl agiite (7:3)
n-Hexane : WI acetate (3:2)

NeINsSNLINANS
L P [ A

=

QRINNIRUNAINY 1D

Chloroform

®)

2 Toluene : acetone : dichloromethane (40:25:35)
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z.3 Method of Chamber Saturation

Care should be taken to saturate the chromatographic chamber with solvent
vapour as completely as possible before use since it strongly influences Ry values
(Bobbitt, 1963 ; Randerath, 1968).

In order to accomplish uniform saturation, the solvent system (100 ml) was

introduced into the chamber, of x < avere lined as completely as possible
with filter paper, 30 minutes WIS A of the chromatographic plate. The

vessel was then swirled ro) ™ S — thr 51t o caked with solvent.

2.4 Methw

An amount o ", ich is large enough to be
effectively visualized to <

with a minimum of tai ##%.

W cnough to give discrete spots

It should be 4 M-ction are higher for two-

dimensional chromatogs W use greater dilution of the
substance in the longer dev #fpr=: W imensional method (Randerath,
1968). Thus, higher concentrati

of two-dimensional chromats T U
By 00 £
The extracy @ ;"'d' )l (2 ml). Spotting was
made by means of a ﬁ - ! cai® et gig onto the starting point at a
comer of the plate, 3 cm from the edgss Five to six appucamns (about 0.3-0.4 ml)
with solvent ﬁ m was kept small (not
exceeding (. ;ﬁﬂlﬂ w:gl‘ﬁ 11 warm current air for

rapid cvapnrauta' of the solvent. Thi solvent was removed as com lctcly as possible

IARAINYNY

Method of Development of the Chromatogram

tution are required for the preparation

When the sample solution had already been applied to the starting point and
allowed to dry, the plate was placed in a vertical position in a closed, saturated
chromatographic chamber such that the bottom of the layer dipped into the developing
solvent. The chromatogram was then developed. The distance for development was
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15 ¢m, marking by the finishing line which was drawn by means of a spotting template
and a sharp object. Laboratory temperature was about 30-35°C.

First Dimension : The spotted TLC plate was developed firstly in direction 1
with solvent 1. After the solvent ascended 15 cm, the plate was removed from the tank
and allowed to dry in the air for 2 hours. If solvent 1 was chloroform the plate was
developed two times in the first dimension. Complete removal of the solvent from the

plate was then obtained. ‘ 1

Re-developed the Lt Ime solvent system, using fresh
gnight before commencing the

solvent. The plate was — drgin |
development in the secs | -

Second Dimens< A dimension development was

now placed in a seco; 'n perpendicular to the first
dimension. After the

dry in the air overnignt.

W% as removed and allowed to

W rove the reproducibility of R¢
on as the solvent reaches the
LOgY Jphed simultaneously in a single

It is essential tr
values the plate must bl
finishing line. If several p/&edfas
container, all the plates have toZEZRa/A 2 4 e time.

The procTees ;-‘ st dimension provided

considerable advantagz f,,' = :ponents of the sample such

that discrete spots witl4s minimum Of tailing were obtaine

A SHINBNINYINT

Spe.m methods were uscd‘to detect con&mnds which cnuld not be directly
TN IR TN TR e
chmmﬂ ie ave 1 e of them had
to be visualized by spraying with special detection reagents.

Treatments and detection reagents applied were as follows :

2.6.1 Colour in Daylight.

In order to provide a uniform light intensity over the whole chromatograms, a
20 Watts (Daylight) Fluorescence lamp was used.
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2.6.2 Fluorescence

The chromatograms were examined in 254 nm and 365 nm ultraviolet light.

2.6.3 10% Sulphuric acid in ethanol (reagents for general
detection)
Reagent : Sulphuric Acid MR} F J 3 dissolved in ethanol (90 ml).
Procedure : The chror \| 1d with the reagent and allowed to
dry inwg 15 mi#® g heated at 100°C for 5-10 min
until P v 2 eVeEIPE . Simum.
Detection : Stero® 1O
2.6.4 W reagent (AS)
Reagent : 0.4 v » : ? L1 0 ml glacial acetic acid,

| ‘ % "\ concentrated sulphuric acid,

> WA NN stability, and is no longer
useable gfresmmra i Wl to red-violet.

Procedure : The TLC pla n about 10 ml, heated at 100°C for 5-

2365 nm.

Detection - ’3 nciples, saponins, etc.

2.6.5 } Natural

(NP/PEG) ﬂ u El ’3 ﬂ El ﬂ i w Elql!]ﬂ_ﬁmﬁammu ester (=

Reagent 1% Methanolic diphenylboric ac

qmasnsaiuAng Ty

dure : The plate is sprayed with 1% methanolic diphenylboric acid-p-

pfrr_uimzlts-lml;s,r hylenglycol reagent

ethylamino ester (= diphenylboryloxyethylamine) (NP), followed
by 5% ethanolic polyethyleneglycol 4000 (PEG) (10 ml and 8 ml,
respectively).

Intense fluorescences is produced immediately or after 15 min
under UV 365 nm, PEG increases the sensitivity (from 10 pg to
2.5 pg). The fluorescence behaviour is structure-dependent.
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Detection : Flavonoids, aloin.

2.6.6 Potassium hexacyanoferrate (III) - ferric chloride

reagent

Reagent : 1% Potassium hexacyanoferrate and 1% ferric chloride.
Procedure : Equal volumes of 1% potassium hexacyanoferrate and 1% ferric
chloride are mi gl B4 vsed 2M HCl increases the sensitivity.

Detection : Phenols, 5

2.7  Recor = ‘alud -
— :
SSacorded after each treatment. Ry
i independent observations

The locations arg
values were determilic \
undertaken on three c; v 7 7 W s M-m development.

Ry value = [0 4 By I s NN W oint
Di: B \ 3 o point

. .-_*;g,;’
Concomitant v moi, ,‘;}"’ > c(MOWible chromatographic sprays,
revealed at times more ths RV EEE i\l areas of the chromatogram and
made it possible to mark each. = Ciromatograms are given. An Ry grid
= AT ‘#

2 The Ry values were coded as

=9
A

was used for l:mw 1ENCE
follows : ;

ﬂﬁﬂ?ﬂﬂﬂiﬂﬂ’lﬂi
qmmn‘mumfmmaﬂ
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00 (zero zero) corresponds to Ry .000 to 075
08 ] 075  to 125
10 125 o .175
18 175 o .225
20 225 to 275
28 275  to  .325
30 325 to .35
38 375 1o .425
40 425 w0 475
48 475 o .525
50 525  to 575
58 i 575 to 625
60 625 o 675
68 75 725
70 . 725 775
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2.8 Coding of the Data

The chromatographic data were coded for making the table of basic plant data.

The following categories were considered for coding of each spot. 1. Source
(plant identification, or name of plant) 2. Treatments and/or detection reagents 3.
Solvent systems 4. Ry values and 5. Colours of spots by treatment given (coding of
colours)

2.8.1 Sourc gification) (10 columns)
Phylum or Division is ux 2 : ¢ Spermatophyta (Fernald, 1950)
Class or group - m—otyledoneae (Fernald, 1950)
Order S lcs (Fernald, 1950)
Family . NS inosae (Fernald, 1950)

Genus - : : R s

Species & renculata Craib
. 1dens Benth.
2.8.2 en; Lol % iM% Reagent
The treatments 2 JgF - i SO S der "TRT" (2 columns) and

Code Number :
01 S E— =
02 A
03 _____ —s ]
04 l{}% Sulphunc id in ﬂﬁ]an{:-i reagent
: quemenrang -
06 q ﬂ m ﬁ n:age:m (NF/PEG)

(Obserdgtd under visijplg light)

RN IUNRIINYIR oo

Potassium hexacyanoferrate (III)-ferric chloride reagent.
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2.8.3 Solvent System
Pattern A Ry values in direction 1 isunder  "Al"

" “ n A"
Pattern B i I @ 2B1%
¢ W9 "B
Pattern C " L Hespe
g 2, - "C2"
Al refers to <&yl acetate (7:3)
A2 " (3:2)
Bl : — ] —
B2 " |: 2an
C2 " | AN N e thane (40:25:35)
2.8.4 ==\ \ N\
By using F . ? AWoacd. In coding work, when

informations become ty '*.""-,, N\ W ding Ry values may easily be

replaced by a one-digit 38, etc. to the higher whole

number , thus 1, 2, 3, 4, et

2.8.5 Treatment Given (Coding of

Colours). ‘
The colo %3 Ry ) re recorded in numerical
system under "C" (ol PP. T a continuous disc system

according to the nate al solar spectn]m colours NC™ to 7 are used (Vichiara

Jirawongse, iﬁd ‘
In thqpoding system use.gl nrj w ﬂl n.hjbasic colour itself, the
econd digi s for Jight or pfie shade, and&& for darker. @ combination of
SARAENASHAGR B

colours.



141

10 pink 13 purplish-red 15 red
21 pinkish-orange
20 pale orange 25 orange
24 yellowish-orange
28 reddish-brown
30 brown 35 dark brown

38 yellowish-brown

40 pale yellow 45 yellow
50 pale green 55 green

56 bluish-green

58 greyish-green

60 prussian-blue W 65 blue
70 purple 75 wiolet

78 pinkish-grey
80 grey . LR 85 black
90 quenching (under 1} I 95 strong quenching

: ’ (under UV)

00 nil

=9
A

0—9

ﬂuﬂ?ﬂﬂﬂjﬂéﬂﬂﬁ
AN IWAMIINYAY

It is difficult to indicate colour with precision (e.g. shade of pink and pale
purple), but moderate errors will not invalidate the present system. It is possible to
allow wide tolerance (with, of course, less precision) in the computer analysis by
including preceding and following number so that moderate error in recording of colour
will not discriminate against identifying spot.
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Material and Technique Used in Determining the Thin-layer
Chromatographic Pattern of Cha-aem Thai from Various Local
Traditional Drug Distributor.

1-. Material

The samples of crude drug, Cha-aem Thai, for the specification analysis
drug distributors. Identification for the
gde by comparison of Thin-layer

were secured from various local trad g ¥

corrected species from each _
chromatography pattern of th Y authentic plant (Derris reticulata

Craib, Cha-aem nuea). —
- —— =

Thirteen sampl=_ were shown below.

1 = sample from V.
Purchased date 7

4 = sample from{= iy
Purchased d:§%

5 = sample from B3 pra-dit, Bangkok.
Purchased date 2 |&(1994.

e AMEANENINYING

Purchased date 7/7/1994.

. QWAASNIAAMINGNAY

Purchased date 5/6/1994.

8 = sample from Heng-chun-tung, Nakhon Pathom.
Purchased date 11/11/1994.

9 = sample from U-thong-sa-moon-pli, Suphan Buri.
Purchased date 19/4/1994.
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10 = sample from Mor-wing-o-sot, Chanthaburi.
Purchased date 18/8/1994.

11 = sample from Tian-chee-tung, Phrae.
Purchased date 16/9/1994.

12 = sample from Sri-ra-ja-o-sot, Chq I‘Ruri.
Purchased date 14/7/193¢

13 = sample from Sri-r: b — Kanc: .

Purchased dat.a S—

The sampiCs r g . Iy AN eGTo powder. Five grams of
ffich S N WM distributor was macerated in
15 ml of 95% ethanol folh Jf Se= =M AN N n was filtered and the filtrate

Lol M lution was obtained. Four to five
e spot was kept small by using an air

was evaporated under redu
applications (about 0.2-0.3 rn])
blower to produce warm cug

was removed as colai . L | romatography.

V. N
3.  The Tegnis “tm=:r Chromatography

a gt H

ation of the solvent. The solvent

Technique Sne- dlmenslun

e AU mﬂmmm
;jﬂmmﬁ‘mumwmaﬂ

Temperature :  Laboratory temperature (30-35°C)

Developing solvents : 1. Ethyl acetate : formic acid : glacial acetic acid : water
(11:11:11:27)
2. Chloroform : ethyl acetate (6:4)
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Detection : 1. Visual detection under ultraviolet light at the wavelength
of 254 nm
2. 10% Sulphuric acid in ethanol
3. Anisaldehyde-sulphuric acid spraying reagent
4. Natural products-polyethylenglycol reagent (NP-PEG)
(1% Methanolic diphenylboric acid-p-ethylamino ester
(=cicog B} B J/pxyethylamine) (NP) and 5% ethanolic
#4000 (PEG)

Material and Teck

SSSuaining the Thin-layer
Chromatographic Fart V

15 Material

The aqueous r this technique in order to

compare with authentic®no
2. Sample App!

dissolved in 50% ethanol (5 ml).
L0} spot was kept small by
RX J poration of the solvent.

The aqueous portiongcZ
Four to five applicaf{cijsRN
using an air blower y;
The solvent was reipv osple before commencing

chromatography.

ﬂw Q ww@w Hrl'ﬂ"ﬁ Chromatography

(TLC} (Stahl

W’l mﬂ@mm'nmn o

Adsorbe Cellulose (E. Merck) precoated plate
Layer thickness : 0.2 mm
Distance : 80cm

Temperature :  Laboratory Temperature (30-35°C)
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Developing solvents : 1. Formic acid : n-butanol : tertiary-butanol : water
(15:30:40:15)
2. Aqueous phenol (90%) : water +0.002% oxine (89:11)

Detection reagents : 1. 10% Sulphuric acid in ethanol, then heated at 100-150°
for 5-10 minutes.
2. Anisgli B'3-sulphuric acid reagent (AS) is extremely
' # 1 of sugar) and gives characteristic
15 shown below.

®olour reactions of sugars
on thin-layers
blue
green
blue
grey
yellow to green
violet
violet
green
light blue

green to grey
violet

Maltose ' violet

ﬂuﬂwﬁmwmm‘“‘

D~Gal¥tummi: acid

qm RINTUARIINYIAY
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e

AusIneminens
AN IUURIANLAY

underlying palisade cells in surface view.

A - Derris reticulara Craib ,
B : Derris scandens Benth.



147

Table 24 Data on Palisade Ratio Determination of Derris reticulata Craib

Mumber of Palisade cells Palisade
to four epidermal cells Ratio D D2

35 875 -0.89 0.7921
36 0.4096
36 0.4096
35 0.7921
42 0.7396
35 0.7921
+ 1.8496
38 0.0196
38 0.0196
38 0.0196
41 0.3721
35 0.7921
36 00.4096
38 0.0196
39 0.0121
43 1.2321
35 0.7921
35 0.7921
45 2.5921
39 | L 0.0121
36 0.4096
., ﬂwﬂ')?[ﬁm ‘NEI"Iﬂ‘J
7 0.1521
9.25¢& o 039 0.1521
mmm@u AR
0.0121

10.25 0.61 0.3721

45 11.25 1.61 2.5921
41 10.25 0.61 0.3721
42 10.50 0.86 0.3796

Mean of Palisade Ratio = 9.64
Standard deviation = 0.768

D = Deviation from mean



Table 25 Dataon Palisade Ratio Determination of Derris scandens Benth.

MNumber of Palisade cells Palisade
to four epidermal cells Ratio D D2
22 5.50 -0.49 0.2401
23 5.75 -0.24 0.0576
23 0.0576
24 0.0001
24 0.0001
21 0.5476
21 0.5476
21 0.5476
29 1.5876
28 1.0201
27 0.5776
26 0.2601
27 0.5776
20 0.9801
21 0.5476
21 0.5476
22 0.2401
22 0.2401
22 0.2401
25 v 0.0676
28 , ; 1.01 1.0201
> AURAMRNINGINT|
24 m Hlﬂ 0.0001
24 Y 6.00¢ a 001 0.0001
RN IR ANEINY.:
q ‘ 0.9801
29 7.25 1.5876
29 7.25 1.26 1.5876
21 525 -0.74 0.5476
24 6.00 0.01 0.0001
Mean of Palisade Ratio = 599
Standard deviation = 0.740

D = Deviation from mean
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Figure 6 Lower epidermis of leaf of Derris scandens Benth.
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Table 26 Stomatal Number and Stomatal Index Determinations of Derris reticulata Craib

Number Number of Stomatal Stomatal D D2
of Stomata Epidermal cells | Number (Sn) Index (SI) (sD (S0
13 104 342.11 11.11 -0.58 0.3364
14 106 368.42 11.67 -0.02 0.0004
15 111 394.74 11.81 0.12 0.0144
15 4 | 12.30 0.61 0.3721
15 : g 12.30 0.61 0.3721
13 -1.03 1.0609
13 -0.39 0.1521
13 -0.58 0.3364
16 0.34 0.1156
13 -0.58 0.3364
13 -1.03 1.0609
14 0.17 0.0289
14 0.17 0.0289
14 0.07 0.0049
15 0.92 0.8464
13 -1.21 1.4641
14 0.07 0.0049
14 0.38 0.1444
16 0.16 0.0256
14 ~ -0.31 0.0961
15 : 39414 12.82 "J-‘ 1.13 1.2769
15 115 & 4 394.74 11.54 -0.15 0.0225
13 ﬂ ”i’ ﬂﬂ?l Wﬂfl ﬂ ﬁu 29 0.0841
14 M -0.92 0.8464
: ; 120 : -1, 1.5376
\RNaNNIANRINgIag o
' 103 394.74 1271 1.02 1.0404
15 104 394.74 12.61 0.92 0.8464
13 G 342.11 12.15 0.46 0.2116
15 98 394.74 13.27 1.58 2.4964
Area of Determination = 0.038 mm?
Mean of Stomatal Number (lower epidermis) = 372.81
Mean of Stomatal Index (lower epidermis) = 11.69
Standard deviation of the stomatal Index = 0.753

D = Deviation from mean
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Table 27 Stomatal Number and Stomatal Index Determinations of Derris scandens Benth.

Number Number of Stomatal Stomatal D D2
of Stomata | Epidermal cells | Number (Sn) Index (SD) (SI) (SD
23 87 605.26 23.00 -0.37 0.1369
26 90 684.21 2241 -0.96 0.9216
30 99 789.47 23.26 -0.11 0.0121
30 98 23.44 0.07 0.0049
28 92 A4 0.07 0.0049
29 0.40 0.1600
30 0.44 0.1936
30 1.63 2.6569
25 -0.43 0.1849
24 -0.29 0.0841
23 -0.14 0.0196
23 -1.25 1.5625
2% 0.27 0.0729
27 -0.09 0.0081
28 -2.93 8.5849
25 0.44 0.1936
27 -0.87 0.7569
30 0.07 0.0049
30 -0.80 0.6400
29 2.07 4.2849
24 -1.15 1.3225
25 | | -1.82 33124
k1| ﬁ u?ﬂ 1.04 1.0816
28 -0.79 0.6241
tﬂ 1.4641

AANaNN T nenaey
27 710.53 23.48 0.11 0.0121
28 92 736.84 23.33 -0.04 0.0016
3 91 815.79 2541 2.04 4.1616
29 26 763.16 25.22 1.85 3.4225

Area of Determination = 0.038 mm?

Mean of Stomatal Number (lower epidermis) = 723.68

Mean of Stomatal Index (lower epidermiz) - 23.37

Standard deviation of the stomatal Index = 1.097

D = Deviation from mean
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Figure 7 Vein-islets and veinlet terminations of leav
in surtface view
A Derris rericulara Craib .
B: Derris scandens Benth.
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Table 28 Vein-Islet Number Determination of Derris reticulata Craib

154

Number of Vein-Islets Vein-Islet
to 4 mm? Number D D2
75 18.75 -1.70 2.8900
80 20.00 0.45 0.2025
74 3.8025
81 0.0400
81 0.0400
69 10.2400
81 0.0400
74 3.8025
89 3.2400
90 4.2025
93 7.8420
89 3.2400
85 0.6400
82 0.0025
82 0.0025
70 §.7025
74 3.8025
75 4 2.8900
83 A 0.0900
83 0.3 0.0900
85 a 212 0.6400
70 ﬂ”ﬂgﬁﬂﬂ wﬂQﬂi 8.7025
90 4.2025
225048 2205 o

%W’l aNT 3 Nﬂ'nﬂﬂ'lﬁ EJ”"“”
19.75 0.4900

76 19.00 145 2.1025
77 19.25 120 1.4400
93 23.25 2.80 7.8400
93 23.25 2.80 7.8400

Mean of Vein-Islet Number

Standard deviation
D =

Dieviation from mean

20.45
1.812



Table 29 Vein-Islet Number Determination of Derris scandens Benth.
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Number of Vein-Islets Vein-Islet

to 4 mm?2 Number D D2
60 15.00 0.05 0.0025
59 1475 020 0.0040
60 15.00 0.05 0.0025
59 0.0040
59 0.0040
63 0.6400
63 0.6400
67 3.2400
52 3.8025
52 3.8025
68 4.2025
64 1.1025
61 0.0900
61 0.0900
58 0.2025
65 1.6900
61 : 0.0900
53 e 2.8900
53 E RY | 2.8900
55 L 1.4400
54 . ; 139 21025
57 Ca . - 120 0.4900
L AUpAINBNINEING|
62 15. 5[}t l:l 55 0.3025
RN AN AN
2.1025
17.75 2.80 7.8400
62 15.50 0.55 0.3025
71 17.75 2.80 7.8400
59 14.75 020 0.0040

Mean of Vein-Islet Nomber

Standard deviation
D =

Deviation from mean

14.95
1.295



Table

30 Veinlet Termination Number Determination of Derris reticulata Craib
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MNumber of Veinlet
Terminations to 4 mm?

Veinlet Termination
Number

D2

B W RO = oW R = e

B oL B R OB OB W W e e B

ﬂumqﬁﬁw

ﬂﬂ’lﬂ

4
3

0.25
0.25
0.50

Y
Y

1.00

GSU

1.00
1.00
0.75

g

ﬁnmummmaﬂ

-0.15

]
;.s

':]3.;

shﬂi

-0.15

0.35

0.35

0.35
0.1

0.1600
0.1600
0.0225
0.3600
0.1600
0.0225
0.0225
0.0100
0.1225
0.1600
0.0225
0.1600
0.1600
0.0100
0.0100
0.0225
0.0225
0.0225
0.1225
0.3600
0.1225
0.0225
0.0225
0.0225
0.0100
0.0100
0.1225
0.1225
0.1225
0.0100

Mean of Veinlet Termination Number
Standard deviation

D =

Deviation from mean

0.65
0.300



Table 31

Veinlet Termination Number Determination of Derris scandens Benth.

157

MNumber of Veinlet
Terminations to 4 mm?

Weinlet Termination
Number

DE

Lh @O 60 00 =) ~1 =~1 8 O O O 06 =1 =] Lh th h =1 O O =1 L

qma

1.25
1.25
1.75

2.00

1.50

e

-0.18

0.32%

ﬂumﬁﬂw NN

0.1849
0.1849
0.0049
0.0324
0.0324
0.0045
0.1849
0.1849
0.1849
0.0049
0.0049
0.1024
0.0324
0.0324
0.0324
0.0324
0.0049
0.0049
0.0049
0.1024
0.1024
0.3249
0.1849
0.0324

NSRRI ITENR

2.00 0.32 0.1024
2.25 0.57 .3249
9 2.25 D.57 0.3249
6 1.50 -0.18 0.0324

Mean of Veinlet Termination Number
Standard deviation

D =

Deviation from mean

1.675
0.3237
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Petroleum spirit-Ethyl acetate (7:3)

ﬂuﬂ'ﬂ‘ﬂW%Wmm
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Solvent system AlA2 Treatment 01, 02, 03,
06, 07, 08
Figure § Two-dimensional thin-layer chromatogram of stem

of Derris reticulata Craib



Petroleum Spirit-Ethyl acetate (7:3)
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Solvent system  : A1Az Treatment
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Figure 9 Two-dimensional thin-layer chromatogram of stem
of Derris scandens Benth.
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Toluene-ethyl acetate (7:3)
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Figure 10  Two-dimensional thin-layer chromatogram of stem
of Derris reticulata Craib



Toluene-ethyl acetate (7:3)
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Figure 11  Two-dimensional thin-layer chromatogram of stem
of Derris scandens Benth.
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B090
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Tﬂﬁ e Dichloromethgye
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Solvent system CiC2
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Figure 12 Two-dimensional thin-layer chromatogram of stem
of Derris reticulata Craib



Chloroform
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Two-dimensional thin-layer chromatogram of stem

Figure 13
of Derris scandens Benth.



Table 32

Basic Plant Data of stem of Derris reticulata Craib

Plant Identification

PHY CL ORD

FAM GEN

SP

TRT

AjALC

B1B2C

C,C,C

2 2

32

32

AULIN
AN

B3 M

g3 *

01

01

704890
705890

706890

000030

UURIY 78]

588090

600090

GBEBG5

000030
200038
206838

307845

000090
000095
001890
003090
004090
004890
005090
005890
007890
085890
100090
106090
106365
187890
200090

206890
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Table 32 (continued)

Plant Identification TRT Aj1ALC B1B,C CC,C
FHY CL. ORD FAM GEM 5P
2 2 32 8 0 0o 800090 800090 300090
808895 303090
880090 304890
909090 305890
306890
307895
909090
2 2 3 8 000045 000045
000856 000065
006865 000815
£j0ozs 002075
7 R 5065 003865
100855 208865 004875
| ‘o | s | : 085845
AUBINENTUBI. |

qmIaenIaiunian

2328306

402850

407065

500040

487828 UI’ 106075

B8 e

588875
588065

600040

| 36045
200045
206845

287838
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Table 32 (continued)

Plant Identification TRT AjAoC B1B:C C1C,C
PHY Cl. ORD FaM GEN 5P

2 2 32 8 o0 01| 03 504075 | 688875 300045
680065 303045
700065 304845
709065 305858
780065 306845
788055 307895
800045 309065
804838 386865
806065 409065
807865 500065
808895 580065
50050 688855
A R )2038 | 909065

il B0s0s0 4 884038

‘ ‘o L/ §88055 885038

AUYINENTNEINAS.

9
¢ Q0 SERS 887038 QA
ﬂwqﬂ\mﬁmuﬁﬁlﬁsv ehAIa B

2 2 3 8 o1 01| o4 000030 | 000030 000030




Table 32 (continued)

Plant Identification TRT A1ALC B{B,C C1C,C
PHY CL ORD FAM GEN SP
2 2 32 8 01 01 04 000030 000030 100038
187838
200030
206830
300038
307830
909030
2 2 2 000015
000024
001065
001890
| E-lﬁil ) 003065
ﬂumwﬂw M3 | o
40748 487865 QF 004865
qm asnIal SJW]DQVI B AR Bhususe
588875 100065
604075 680055 105040
680055 688875 105875
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Table 32 (continued)

Plant Identification TRT AjALC BiB,C C1CaC
PHY CL ORD FAM GEN SP
2 2 32 83 M 01 05 684875 700075 106075
780075 186056
788045 200045
800055 206865
SN 505090 | 287840
V 808895 300040
880040 303040
BB8855 304840
306840
306875
307895
380075
587040
6BBRS6
| YR J 708040
AUBINENINYINT | oo
| v | ¢ a (7
. QRIANN I U VD] B B
000033 080038 187845
705838 SR0040 200038
800040 TRE038 206838

168
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Table 32 (continued)

Plant Identification TRT A1A,C B{B,C CC,C
PHY CL. ORD FaM GEN SP

806845 B00038 289845

BOSE4 300040

508845 304840

305840

306840

307845

909040

Q00050 000015

000055 000055

080028 000065

A _9 5075 002075

) 7565 003865

302015 206875 004015

300065 004865

ﬂuﬂ?ﬂﬂﬂ NY1AS. | e

308875 100075

QW’I ﬂ*‘lﬂ‘m‘l uwml BN B iossss

583855 487815 106075

600065 508865 186050

S8BR75 187840
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Table 32 (continued)

Plant Identification TRT A1AaC B1B;C C1C5C

PHY CL ORD FAM GEN 5P

2 2 32 83 m 01 07 604075 600040 200045

206845

287845

300056
303045
304845
306845
306858
380075
386865
688856

908065

000065

003065

004065

QRIANTYPURITN A

806865 800045 206865

807065 287865




Table 32 (continued)

QRIRNTUNIINYINY

r: "l

AUHININENINS

Plant Identification TRT AALC B{B;C C,C,C

PHY CL ORD FAM GEN SP
2 2 32 8 001 01 08 909065 305865
306865
307865
909065
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Table 33 Basic Plant Data of stem of Derris scandens Benth,

Plant Identification TRT A1ALC B1B,C C,C,C

FHY CL. ORD FAM GEN SP
o 2 32 83 01 02 01 000038 Q00030 000030
286840
2 2 3 5002 000085
0090 | 000095
us0890 % J - 105890 002895
‘ ‘a R/ 18 003895
AUSINENTNY AL, | o

4

¢ 1 3GEN) 280090Q 004890
ﬂwqﬁ\‘mﬁmu'ﬁlﬁu LA Bosooos
280000 | 307890 | 082890
500090 380090 083895
SO00890 387090 034090
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Table 33 (continued)

Plant Identification TRT A1ALC B1B,C C1C,C
PHY CL ORD FAM GEN SP
2 2 32 8 0 02 02 502890 400090 084890
‘ 085090
085890
086095
086890
100095
506090 105895
506890 180095
507090 181090
508090 182090
580090 183090
d ﬁ:ﬂgﬁ 185095
R J090 185895
50 NWcszso | 207005
Q706895 686890 280095
ﬂﬂﬂ’)ﬂﬂﬂﬁﬂﬂ’mﬂ; i
B08EER 700090 QY 285090

‘-]W"Iﬂ*‘lﬂ?ﬂll SJ‘VI'}Q‘MIEJ"IEI Bl

173



174

Table 33 (continued)

Plant Identification TRT AjALC B1B,C CC,C

PHY CL. ORD FaM GEN 5P

805890 580090

2 2 32 83 01 02

806890 587090

809095 588090

880090 700090

888895 489095

R89090 909095

900090

000038 000024

208075 002065

289028 085875

'TL'IEEI 105890

4 r‘ 8080 106875

383075 'J; 508875 205850

AusIngneibnag |
qmmmmw’iﬁwiﬂﬁﬂ -

788895 288890

683090 800050 708850

683890 805095 809065




Table 33 (continued)

Plant Identification TRT AjALC B1B2C C1C,C
FHY CL ORD FAM GEN SP
2 2 32 8 01 02 03 684090 388895 880040
900065 889065
900040
909065
; Y
2 2 ®m 8 g0 04 000030 000030 000030
o

AUYINYNINBINT: | -
Y 600038 788838 185038

| | P=S -
ﬂﬂ'lﬂ*‘lﬂ?mil NI e =
| | 684038 | 909038 207838
685038 280038
703838 285038

175



176

Table 33 (continued)

Plant Identification TRT AjA,C B1B,C C;C,C

FHY CL ORD FAM GEN SP

2 2 32 &3 01 02 04 704038 286838

809030

000024 000040
000840 002065
588890 086050

608865 106875

688890 185090
L5528 185890
RS 7090 206865

JE2040 | ZATEBE2E 207090

AutAnensients | o
RN TN UPIINTINEL.




Table 33 (continued)

Plant Identification TRT A1A,C B1B,C C1C,C
PHY CL ORD FaM GEN SP

2 2 32 83 01 705865
890

2 2 32 000030

185040

185840

207040

236845

AN IS, .

504038

584875

289025

507065

086035

105890

177



Table 33 (continued)

Plant Identification TRT AjAC ByB;C CC;C
PHY CL ORD FAM GEN 8P
2 2 32 B3 o1 02 680024 508065 106875
508875 185090
588840 185890
608875 206875
688895 207065
708828 280024
787025 286828
TRBR2S 580040
809095 700040
808845 809065
880040 909065
ke, J38895
AUBINNINENT
qmmmqm Tinenap
2 2 32 83 0 02. 08 504065 6BBB6S 185065
684065 T08865 185895

178
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Table 33 (continued)

Plant Identification TRT AAnC ByB,C C1C,C

PHY CL ORD FAM GEN SP

2 2 32 83 01 02 685065 788865 207065

789065 286865

809065 288865

880065 889065
888865 909065

AUEINENINEINS
MIAINTANRINYAY
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rer ARAQYNT

cells in sectional view
medullary ray (m.r.) in tangential
longitudinal view
fibres and calcium oxalate
prism sheath
fibres

¢
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= Xylem pare

prisms of calcium oxalate

simple and compound starch granules
brownish substance

sclereids

0. fragment of bordered pitted vessels
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2. chymatous cells moderately thickened walls and numerous pits
3. groups of fibres 8.  part of medullary ray showing xylem parenchyma
4, fibre with underlying xylem parenchyma and
5. par of medullary ray showing containing brownish substances

xylem parenchyma with 9, fragment of bordered pitted vessels

underlying fibres 10. sclereids
6. group of fibres with part of 11. simple and compound starch granules

calcium oxalate prism sheath 12. prisms of calcium oxalate
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with paracylic slomata 6. fragment of fibres associated with small vessel

upper epidermis in surface view from a veinlet

and part of underlying palisade cells 7. fragment of fibres and calcium oxalate prism

part of the lamina in sectional view sheath associated with small vessel from a veinlet
the fragments of parenchymatous B. fragments of fibres

layer containing calcium oxalate 9. norrglandular multicellular trichome

prisms
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Figure 17 Powdered Derris scandens Benth. leaf

1. lower epidermis in surface view 5. non-glandular bicellular trichomes

with paracytic stomata and cicatrix (cic.) 6. parenchyma
2. upper epidermis in surface view 7. prisms of calcium oxalate
3. pan of the lamina in sectional view 8. fragments of vessels ; bordered pitted
4. the fragment of mesophyll with vessels (8.1), pitted vessels (8.2),

fibro-vascular issues spiral vessels (8.3)
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Figure 18 Thin-layer chromatogram of Cha-aem Thai which were purchased from variows local traditional drug distributors
(1-13) and compared with authentic sample (Derris reticulata Craib, Cha-aem nuea) (A).
Developing solvents : Chloroform-ethyl acetate (6:4)
Detection : UV 254 nm
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Figure 19 Thin-layer chromatogram of Cha-aem Thai which were purchased from various local traditional drug distributors
(1-13) and compared with authentic sample (Derrix reticuleta Craib, Cha-acm nuca) (A).
Developing solvents : Chloroform-ethyl acetate (6:4)
Detection : NP /PEG
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Figure 2@ Thin-layer chromatogram of Cha-aem Thai which were purchased from various local traditional drug distributors
(1-13) and compared with authentic sample (Derris reticulata Craib, Cha-aem nuea) (A).
Developing solvents : Chloroform : ethyl acetace (6:4)
Detection : Anisaldehyde-sulphuoric acid spraying reagent
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Figure 21

Thin-layer chmlﬂm a&mm‘-"&mmaﬂ various local traditional drug distributors

(1-13) and compared with authentic sample (Derris reticuleta Craib, Cha-aem nuea) (A).
Developing solvents : Ethyl acetate-formic acid-glacial acetic acid-water (11:11:11:27)
Detection : 10% HpSOy4
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—— hRf = 19

Figure 22 Thin-Lay ef agreous portion (DR-W) of

Q’H tt@mﬂmm mm S——

Detection : € Anisaldehydgs H2SO4
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—— hRf = 35

Figure 23 Thin- La}rr,r Iﬂmamgram of auous pumﬂn {DR -W) of

PRI 3 W LD Ty s

¢ Water (15:30:40:15)

qm&mﬂﬁmﬁmm

= Sucrose
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