
CHAPTER IV

E X P E R I M E N T A L

S cope s  o f  in v e s tig a tio n

1. Identification of authentic (+)-tetrandrine.

2. Study of the macroscopic and microscopic characters of Cyclea barbata roots.

3. Thin-layer chromatographic patterns (one-dimensional and two-dimensional 

TLC) of methanol extract of Cyclea barbata roots from several sources.

4. Quality controls of crude drugs, which were collected from several sources 

according to the Thai Herbal Pharmacopoeia: loss on drying, moisture content, 

total ash, acid-insoluble ash and extractive value. 5

5. Quantitative determination of tetrandrine in Cyclea barbata roots from several 

sources by TLC-densitometer and Capillary Electrophoresis.
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P a rt I. Id e n tif ic a tio n  o f  s ta n d a rd  (+ ) - te tra n d r in e  

M a te r ia ls

a) 98% (-t-)-Tetrandrine (Analytical grade, Aldrich Chem.)

b) Chloroform (Analytical grade, Lab-scan Asia)

c) Deuterated chloroform (Analytical grade, J.T. Baker chemical)

sp e c tra

P ro to n  and  C a rb o n -1 3  n u c le a r m ag ne tic  re so n a n ce  (1H and  13C -N M R )

1H (400 MHz) and 13c  (100 MHz) NMR spectra were obtained on a JEOL 

JNM-ECP400 Spectrometer (Graduate School of Pharmaceutical Sciences, Chiba 

University, Chiba, Japan)

Solvent for NMR spectra was deuterated chloroform (CDCIg). Chemical 

shifts were reported in ppm scale using the chemical shift of the solvent and internal 

standard, tetramethylsilane (TMS), as the reference signals.

O p tic a l ro ta tio n s

Optical rotations were measured on a Perkin Elmer 341 polarimeter 

(Pharmaceutical Research Instrument Center, Faculty of Pharmaceutical Sciences, 

Chulalongkorn University). Solvent for optical rotation was chloroform.
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P a rt II. T h e  m a c ro s c o p ic  a n d  m ic ro s c o p ic  c h a ra c te r iz a tio n  o f  C yclea barbata  ro o ts  

M a te ria ls .

a) Crude drugs, which were purchased from 7 traditional drugstores in Thailand 

(Table 4 )

ช) Chloral hydrate B.p.

c) Distilled water

d) Iodine solution

e) Phloroglucinol solution-hydrochloric acid

Table 4. Krung Kha Mao which were purchased from traditional drugstores.

N u m b e r o f  
sam p le s

P lace C ode P u rch a se d  d a te

1 Bangkok province, 

Jao-krom-per drugstore

J-1 August, 2004

2 Bangkok province, 

Vechapong drugstore

V-1 August, 2004

3 Ubonrachathanee province, 

Ae-sare-osod drugstore

U-1 August, 2004

4 Nakornrachasima province N-1 August, 2004

5 Songkla province, 

Baan-chaiya-osod drugstore

S-1 August, 2004

6 Surachthanee province, 

Peng-un-tuang drugstroe

R-1 August, 2004

7 Chiang-Mai province C-1 August, 2004
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Procedure

Roots of Cyclea barbata  w ere  co lle c ted  from th e  th e  Faculty  of 
P h a rm aceu tica l S c ie n c e s , C hulalongkorn  U niversity, in A ugust, 2004. T h e se  p lan t 
m ateria ls  w ere  a u th en tica ted  by c o m p ariso n  with herbarium  s p e c im e n s  in B otanical 
S ection , T echn ica l Division, D ep artm en t of A griculture, Ministry of A griculture an d  
C o o p era tiv e

The au th en tic  roots w ere  c h o p p e d  into sm all p ie c e s  a n d  d ried  in a  hot air 
oven  a t 50 °c, th en  g ro u n d  an d  p a s s e d  th ro u g h  a  s ie v e  with m esh  n u m b er 60, k ep t in a 
w ell-c lo sed  con ta iner. The p u rc h a s e d  sa m p le s  a lso  d id  a s  d e s c r ib e d  ab o v e .

The macroscopic method:

D eterm ine th e  s ize , s h a p e ,  color, o d o r an d  ta s te  of the  s e v e n  c ru d e  
d ru g s , p u rc h a s e d  from traditional d ru g sto re .

The microscopic method: plant histology

The d raw in g s w ere  m ad e  using  m ic ro sco p e  a n d  draw ing  a tta ch m en t. เท 
p rep a rin g  th e  d raw in g s  the o b jec tive  h a s  b e e n  to e m p h a s iz e  th e  m ost d iag n o s tic  
c h a ra c te rs  by w hich e a c h  p o w d er m ay b e  identified, particularly  within th e  
m orpho log ica l g ro u p  to  w hich it b e lo n g s . The ce lls  an d  cell inclusion w ere  tak en  
p h o to g ra p h s  by P ho to -m icrograph ic  eq u ip m en t w hich is a t ta c h e d  to  m ic ro sco p e . M ost 
of p a rtic le s  w ere  d raw n from p re p a ra tio n s  of th e  p o w d ered , w hich h a d  b e e n  first 
m o u n ted  เท w ater. S u b seq u en tly  se c tio n s  sh o u ld  b e  c le a re d  by m e a n s  of chloral h y d ra te  
a n d  so m e  s ta in e d  a s  follows.

Chloral hydrate solution BP

R eag en t: D issolved chloral h y d ra te  80  g  in 20 ml w ater, u sing  g en tle
h e a t if n e c e ssa ry .
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Chloral h y d ra te  is a  v a lu ab le  a n d  w idely u se d  c lea ring  a g e n t. This 
d is so lv e s  s ta rch , p ro te in s, chlorophyll, res in s  a n d  volatile oils, a n d  c a u s e s  sh ru n k en  
ce lls  to  e x p a n d . Chloral h y d ra te  m ay b e  u se d , not only for se c tio n s  bu t a lso  for w hole 
leav es , flower, pollen  grain  e tc . It d o e s  not d isso lv e  calcium  oxala te  a n d  is th e re fo re  a 
g o o d  re a g e n t for d e tec tio n  of th e  crysta ls .

Iodine solution

R eag en t: Mixed 2 g  of iodine a n d  3 g  of p o tassiu m  iodine a n d  a d d  a b o u t 
5 ml of w ater, a lg in a te  until d isso lve , slowly d ilute with w ate r to  100 ml.

This g iv es a  b lue  color with s ta rc h  a n d  hem icellu loses.

Phloroglucinol solution and Hydrochloric acid

Phloroglucinol solution: D issolve 1 g phloroglucin  เท 100 mL of 95%
ethanol.

H ydrochloric ac id : c o n c e n tra te  H ydrochloric ac id .

A solution of Phloroglucinol with hydrochloric a c id  a s  a  te s t  for lignin. 
M ounted th e  sec tio n  เท the  solu tion  of Phloroglucinol an d  allow ed to s ta n d  for a b o u t 2 
m inutes; rem oved  an y  aicohoi w hich h a s  not e v a p o ra te d  with a  p ie c e  of filter p a p e r; 
a d d e d  c o n c e n tra te d  hydrochloric  ac id  c o v e re d  a n d  ex am ined . All lignified w alls s ta in  
pink or red.

H ydrochloric ac id  is a  powerful c learing  a g e n t a n d  it m u st b e  
re m e m b e re d  tha t it will d isso lv e  m any cell co n ten ts , including ca lc ium  oxala te . To 
p rev en t d a m a g e  to  th e  m ic ro sco p e  e ither by liquid c o n ta c t or by v ap o rs , p re p a ra tio n s  
m o u n ted  เท c o n c e n tra te d  hydrochloric  a c id  sh o u ld  b e  free of e x c e s s  ac id  a n d  m u st b e  
rem o v ed  from th e  m ic ro sc o p e  s ta g e  a s  so o n  a s  p o ssib le .
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Part III. Thin-layer Chromatographic patterns of root extract 

Materials:
a) A uthentic  sa m p le  a n d  c ru d e  d ru g s  sa m p le s  a s  p a rt II

b) (+ )-T etrandrine 98%  (Analytical g ra d e , Aldrich C hem .)

c) D ich lorom ethane (C om m ercial g ra d e , INEOS Chlor.)

d) M ethanol (C om m ercial g ra d e , INEOS Chlor.)

e) E thy lace ta te  (C om m ercial g ra d e , INEOS Chlor.)

f) H ex an e  (C om m ercial g ra d e , INEOS Chlor.)

g) T oluene (C om m ercial g ra d e , M odern chem ical)

h) Chloroform  (C om m ercial g ra d e , INEOS Chlor.)

i) 28%  A m m onia solution (Analytical g ra d e , L ab -scan  Asia)

j) alum inium  sh e e t silica gel 60  F254 (p re c o a te d , M erck)

k) A n isa ld éh y d e  ac id  re a g e n t (AS)

l) D ragendorff TS 2, M odified

Procedure
a) The dry  roots w ere  c h o p p e d  into sm all p ie c e s , th en  g ro u n d  a n d  p a s s e d  th ro u g h  

a s iev e  with m esh  n u m b er 20, k ep t in a  w ell-c lo sed  con ta iner. T he p u rc h a s e d  
sa m p le  a lso  did a s  d e sc r ib e d  ab o v e .

b) P re p a re d  0 .02%  te tran d rin e  in m ethano l a s  control.
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One-dimensional thin-layer chromatography
a) Five g ram s of d ried  s tem  p o w d e re d  d ru g  w ere  m a c e ra te d  in 10 ml of m ethano l 

for 24 hours, th en  filtered th rough  filter p a p e r  (W hatm an, No.1) a n d  k ep t in well- 
c lo se d  co n ta in e r prior to  sp o t on TLC p late .

ช) S e le c te d  su itab le  so lven t sy s tem  tha t co u ld  provide th e  p a tte rn  for s e p a ra tio n  
a n d  identification.

S ystem  1: D ich lorom ethane: H exane: M ethanol: A m m onia (5 :4 :1 :0.3)

S ystem  2: E thy laceta te: H exane: M ethanol: A m m onia (4 :4 :1 :0.3)

S ystem  3: Toluene: E thy laceta te: M ethanol: A m m onia (10:10:5:0.3)

S ystem  4: Chloroform: M ethanol: A m m onia (5: 1: 0.3)

c) S p o tted  the  ex trac t am o u n t 4 (il o f e a c h  sa m p le  by  m icrop ipette  on TLC p la te  
a n d  allow ed to dry by air.

d) D ev e lo p ed  th e  ch ro m ato g ram  after so lven t sy s tem  sa tu ra tin g  in c h a m b e r . เท 
sy stem  1, d e v e lo p e d  th e  ch ro m ato g ram  after first so lven t sy s tem  sa tu ra tin g  in 
c h a m b e r  a n d  rem oved  th e  p la te  from th e  tank, allow ed to dry  by air. R e­
d e v e lo p e d  th e  sa m e  p la te  in th e  s a m e  d irection  in th e  s e c o n d  so lv en t sy s tem  
th en  rem oved  th e  p la te  a n d  allow ed to dry  by  air. The d ev e lo p in g  d is ta n c e  w as 
15 cm  at room  tem p e ra tu re  (30-35°C).

e) D etection  of th e  chrom atog ram .

S p ec ia l m eth o d s w ere  u s e d  to d e te c t  co m p o u n d s , w hich co u ld  no t b e  
directly  d is tin g u ish ab le , by their own co lors. M any co m p o u n d s  b e c a m e  visib le w h en  th e  
ch ro m ato g ram  w as v iew ed u n d e r sho rt (254 nm) a n d  long (356 nm) w a v e s  ultraviolet 
light. S o m e of them  h a d  to b e  v isua lized  by  sp ray in g  with sp e c ia l d e tec tio n  re a g e n ts .



43

T rea tm en ts  a n d  d e tec tio n  re a g e n ts  ap p lied  w ere  a s  follows:

Colour in Daylight.

เท o rd e r to  p rov ide a  uniform  light intensity over th e  w hole 
ch ro m ato g ram s, a  20-W atts (Daylight) F lu o re sc e n c e  lam p w as u se d .

Fluorescence

The ch ro m a to g ram s w ere  ex am in ed  u n d e r 254  nm  a n d  365  nm 
ultraviolet light in u v  ch am b er.

Anisaldéhyde acid reagent (AS)

R eagen t: 0 .5  ml A n isa ld éh y d e  w a s  m ixed with 10 ml g lacial a c e tic  ac id , 
follow ed by 85 ml m ethanol a n d  5 ml c o n c e n tra te d  sulfuric ac id , in th a t o rder.

The re a g e n t h a s  only limited stability, a n d  w as no longer u sa b le  w hen  
th e  co lo r h as  tu rn ed  to red-violet.

P ro ced u re : The TLC p la te  w as  sp ra y e d  with A n isa ld éh y d e  a c id  re a g e n t 
ab o u t 10 ml, h e a te d  a t 100°c for 5-10 mm, a n d  th en  ev a lu a ted  u n d e r UV-365 nm.

Color: various color

D etection: E ssen tial oil, p u n g e n t p rincip les, bitter p rincip les, etc.

Dragendorff TS 2, Modified

Solution A: D issolved 0 .85  g  of b ism uth  su b n itra te  in a  m ixture of 40  ml of 
w a te r  a n d  10 ml of a ce tic  acid .

Solution B: D isso lved  8 g  of p o tass iu m  iod ide in 20 ml of w ater.

Mixed 5 ml e a c h  of solution A a n d  solution B with 20  ml of g lac ia l a c e tic  
ac id  a n d  a d d e d  sufficient w a te r to m ake  100 ml.

Color: o ra n g e



44

D etection: Alkaloid
f) R eco rd ing  of Rf V alue a n d  C olour

The locations a n d  co lo rs of the  sp o ts  w ere  re c o rd e d  after e a c h  
trea tm en t. Rf v a lu es  w ere  d e te rm in ed  from  th e  m ean  of a  se r ie s  of in d e p e n d e n t 
o b se rv a tio n s  u n d ertak en  on th ree  ch ro m a to g ra m s of th e  s a m e  so lven t sy s te m  
d ev e lo p m en t.

R f v a lu e  = D is ta n c e  o f  s p o t  m o v in g  fro m  s ta r t in g  p o in t  
D is ta n c e  o f  s o l v e n t  fro n t s ta r t in g  p o in t

Two-dimensional thin-layer chromatography
a) C ru d e  ex trac t of au th en tic  s a m p le  w as p re p a re d  a s  o n e-d im en sio n a l 

ch ro m ato g rap h y .

b) So lven t sy s te m s  in this p re se n t work, two thin-layer ch ro m ato g ram  p a tte rn s  of 
ch em ica l co n stitu en ts  w ere  illustrated  for th e  p lan ts. Two d iffe ren ce  p a irs  of 
so lv en t sy s tem s, a s  listed in T ab le  5, w ere  u se d  for d ev e lo p in g  th e  
ch ro m ato g ram s.

c) S p o tted  th e  ex trac t am o u n t 30 |il of e a c h  sa m p le  by m icrop ipette  on TLC p la te  
a t th e  left s id e  an g le  of p la te  an d  allow ed to dry  by  air.
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T able 5. D evelop ing  so lv en t sy s tem  for tw o-d im ensional th in-layer ch ro m ato g rap h y

Pattern Dimension Solvent System

A 1 D ichlorom ethane: H exane: M ethanol: A m m onia 
(5: 4: 1: 0.3)

2 E thylaceta te: H exane: M ethanol: A m m onia (4: 4: 1: 0.3)

B 1 T oluene: E thy lace ta te : M ethanol: A m m onia (10: 10: 5: 0.3)

2 Chloroform: M ethanol: A m m onia (5: 1: 0.3)

d) D ev e lo p ed  th e  ch ro m ato g ram  after first so lven t sy s tem  sa tu ra tin g  in ch a m b e r. 
The d ev e lo p in g  d is ta n c e  is 15 cm , rem o v ed  th e  p la te  from th e  tank  a n d  a llow ed 
to dry  by air. R e-d ev e lo p ed  th e  s a m e  p la te  in th e  s e c o n d  direction  c o m m e n c e d  
in th e  p e rp e n d ic u la r  d irection  with th e  s e c o n d  so lven t sy stem  until a s c e n d e d  15 
cm , rem o v ed  th e  p la te  a n d  allow ed to dry  by air.

e) D etection  of th e  ch ro m ato g ram

- Visible u n d e r  daylight

F lu o re sc e n c e  u n d e r uv 254 a n d  365 nm 

D etection  with D ragendorff’s  re a g e n t 

D etection  with A n isa ldehyde-su lfu ric  ac id  re a g e n t

f) R eco rd ing  Rf v a lu e  for tw o-d im ensional c h ro m a to g rap h y
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Rf grid w a s  u se d  a s  an  aid  in reco rd in g  th e  v a lu e s  a s  show n in F igure 8. 
The Rf v a lu e s  w ere  c o d e d  a s  follows (T h an ap a t, 1995, a n d  S u p a ttra , 2001).

00 (Zero, Zero) C o rre sp o n d s  to Rf 0 .000  to  .075

08 11 0 .075  to.l25

10 - 0.I25 to .175

18 “ 0.I75 to .225

20 '■ 0 .225  to  .275

28 0 .275  to  .325

30 0 .325  to  .375

38 0 .375  to  .425

40 “ 0.425  to  .475

48 น 0 .475  to  .525

50 0 .525  to .575

58 ( ( 0 .575  to .625

60 0 .625  to .675

68 0 .675  to  .725

70 0 .725  to  .775

78 0 .775  to  825

80 0 .825  to .875

88 “ 0 .875  to .925

90 0 .925  to 1.000
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The co lo rs w e re  a r ra n g e d  เก a  co n tin u o u s d isc  sy s tem  a c c o rd in g  to  the  
so la r sp e c tru m  co lo rs. It w as  often difficult to in d ica te  co lor with p rec ision  (e .g . s h a d e s  
of d ark  a n d  p a le  violet), bu t m o d e ra te  erro rs  w ould not invalidate th e  p re se n t sy s tem . 
N um ber 1 to  7 w ere  u se d , th e  first digit for th e  b a s ic  co lor itself a n d  th e  s e c o n d  digit “0 ” 
(zero) to “5" for light or p a le  s h a d e  to d a rk e r  su c h  a s  (Vichiara J iraw o n g se , 1964)

10 pink 13 p urp lish -red 15 red

20 p a le  o ra n g e 21 p in k ish -o ran g e

24 yellow ish-orange 25 o ra n g e

30 brow n 35 d a rk  brow n

38 yellow ish-brow n

40 light yellow 45 yellow

50 g re e n 53 b ro w n ish -g reen 55 d ark  g reen

60 blue 65 d ark  b lue

70 helio trope 73 bluish-violet 75 violet

80 g ray 85 b lack

90 q u en ch in g 95 stro n g  q u e n c h in g

(u n d e r UV)

00 nil
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Figure 8. R[ g rid  (1:1)
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Part IV. General quality controls 

Materials:
a) C ru d e  d rug  s a m p le s  a s  p a rt II

ช) H ydrochloric a c id  (L ab -scan  Asia)

c) Ethanol 95%  (INEOS Chlor.)

d) Chloroform  (INEOS Chlor.)

e) T oluene (M odern chem ical)

Procedure

The dry  roots w ere  c h o p p e d  into sm all p ie c e s , th en  g ro u n d  a n d  p a s s e d  
th rough  a  s iev e  with m esh  n u m b er 20, k ep t เท a  w ell-c lo sed  con ta iner. The p u rc h a s e d  
sa m p le  a lso  did a s  d e s c r ib e d  ab o v e .

Loss on drying (Thai H erbal P h a rm aco p o e ia , 1995)

C o n d u c te d  th e  d e term ination  on 2 to  5 g ra m s  of c ru d e  d ru g s , previously  
m ixed a n d  a c c u ra te ly  w eig h ed . T are a g la s s -s to p p e r , shallow  w eighing  bo ttle  th a t h a s  
b e e n  d ried  until c o n s ta n t w eigh t or 30 m inutes u n d e r th e  s a m e  cond ition  to  b e  
em p lo y ed  in th e  de term ination . Put th e  te s t  sp e c im e n  in th e  bottle , re p la c e d  th e  cover, 
a n d  a ccu ra te ly  w e ig h e d  th e  bo ttle  a n d  th e  co n ten ts . Dried th e  te s t sp e c im e n  a t th e  
tem p e ra tu re  105°c to c o n s ta n t w eight. U pon o p en in g  th e  c h a m b e r  c lo se d  th e  bottle 
prom ptly a n d  allow ed it to c o m e  to  room  te m p e ra tu re  in th e  d e s ic c a to rs  b efo re  
w eighing . C a lcu la ted  th e  p e rc e n ta g e  of lo ss  on drying with re fe ren c e  to th e  air-d ried
su b s ta n c e .
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Total ash and acid-insoluble ash (Thai H erbal P h a rm aco p o e ia , 1995) 

Total ash

P laced  2 to  4 g of th e  g ro u n d  sa m p le  acc u ra te ly  w e ig h ed  in a  su itab le  
ta re  c ruc ib le  (usually  of platinum  or silica), previously ignited, co o led  a n d  w eig h ed . 
Inc inera ted  th e  sa m p le  by  g radually  in c rea s in g  th e  tem p era tu re , no t e x c e e d in g  450°c, 
until free  from carb o n ; co o led  a n d  w eig h ed . If a  ca rb o n -free  a sh  c a n n o t b e  o b ta in e d  in 
this w ay, co o led  th e  c ru c ib le  an d  m oisten  th e  re s id u e  with a b o u t 2 ml of w a te r  or a  
sa tu ra te d  solu tion  of am m onium  n itrated . Dried on a  w ate r-b a th  a n d  th en  on a ho t p la te  
a n d  incinerate  to  c o n s ta n t weight. C a lcu la ted  th e  p e rc e n ta g e  of total a sh  with re fe ren c e  
to th e  air-dried su b s ta n c e .

Acid-insoluble ash

Boiled th e  total a sh  for 5 m inu tes with 25 ml of d ilu ted  hydrochloric  ac id , 
co lle c ted  th e  insolub le m atter on an  a s h le s s  filter p ap e r, w a sh e d  with hot w a te r until the  
filtrate w as neu tra l, an d  ignited a t ab o u t 500°c. C alcu la ted  th e  p e rc e n ta g e  of ac id - 
insoluble a sh  with re fe ren ce  to the  a ir-d ried  su b s ta n c e .

Extractive value (Thai H erbal P h a rm aco p o e ia , 1995)

Ethanol-soluble extractive

M acera ted  5 g of th e  air-dried  d rug , co a rse ly  p o w d e red , with 100 ml of 
e thano l of th e  sp ec ified  s tren g th  in a  c lo se d  flask  or 24 hours, sh ak in g  frequen tly  during  
th e  first 6 h ou rs an d  th en  allowing s ta n d in g  for 18 hours. Filtered rapidly, taking 
p recau tio n s  a g a in s t loss of e thanol, e v a p o ra te d  20 ml of th e  filtrate to d ry n e ss  in a  ta re , 
fla t-bo ttom ed, shallow  d ish  a n d  d ried  a t 105°c to c o n s ta n t w eight. C a lcu la ted  th e  
p e rc e n ta g e  of e thano l-so lub le  ex trac tive  with re fe ren c e  to  th e  a ir-dried  drug .
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Water-soluble extractive

P ro c e e d e d  a s  d ire c te d  for e than o l-so lu b le  ex tractive , bu t using  
chloroform  w a te r  in p la c e  of ethanol.

Determination of water (Thai H erbal P h arm aco p o e ia , 1995)

Azeotropic Distillation Method

A p p ara tu s  T he a p p a ra tu s  (Figure 9) co n s is ts  of a g la s s  flask  (A) 
c o n n e c te d  by  a  tu b e  (D) to a  cylindrical tu b e  (B) fitted with a  g ra d u a te d  rece iv ing  tu b e  
(E) a n d  a  reflux c o n d e n s e r  (C). The receiv ing  tu b e  (E) is g ra d u a te d  in 0.1 ml s u b ­
divisions s o  th a t th e  error of read in g  is not g re a te r  th an  0.05 ml. The so u rc e  of h e a t  is 
p referab ly  a n  e lectric  h e a te r  with rh eo s ta t control or an  oil-bath. The u p p e r  portion of th e  
flask a n d  th e  co n n ec tin g  tu b e  m ay b e  in su la ted  with a sb e s to s .

C lean ed  th e  receiv ing tu b e  an d  th e  c o n d e n s e r  of the  a p p a ra tu s  by  a 
su itab le  m ethod , thoroughly  rinse with w ater, an d  dry.

In troduce 200 ml of to lu en e  a n d  a b o u t 2 ml of w ate r into th e  dry  flask. 
Distil for a b o u t 2 hours, allow cooling to room  te m p e ra tu re  an d  read in g  th e  w a te r vo lum e 
to an  a c c u ra c y  of 0 .05  ml. P lace  in the  flask a  quantity  of the  su b s ta n c e , w e ig h ed  to  th e  
n e a re s t cen tig ram , e x p e c te d  to g ive ab o u t 2 to 3 ml of w ater. If th e  s u b s ta n c e  is a  p a s ty  
c h a ra c te r , w eigh  it in a b o a t of m etal foil. A dd  a  few  p ie c e s  of po ro u s m aterial a n d  h e a t 
th e  flask gen tly  for 15 m inutes. W hen th e  to lu en e  b e g in s  to boil, distil a t th e  ra te  of 2 
d ro p s  p e r  s e c o n d  until m ost of th e  w ate r h a s  distilled over, a n d  then  in c re a se  th e  ra te  of 
distillation to  ab o u t 4  d ro p s  p e r s e c o n d .

W hen th e  w ate r h a s  all distilled over, rinse  th e  inside of th e  c o n d e n s e r  
tu b e  with to luene . C ontinue the  distillation for 5 m inutes, rem ove the  h ea t, a n d  allow th e  
receiv ing tu b e  to cool to room te m p e ra tu re  a n d  d isso lv ed  any  d ro p le ts  of w ater, w hich 
a d h e re  to  th e  walls of th e  receiving tu b e . W hen th e  w a te r an d  to lu en e  h av e  co m p le te ly
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s e p a ra te d ,  re a d  th e  volum e of w a te r a n d  c a lc u la te  th e  p e rc e n ta g e  p re se n t เท th e  
s u b s ta n c e  u sing  th e  form ula:

M oisture con tent = 100(n’-n ) 
p

w h ere  p = the  w eigh t เท g of th e  s u b s ta n c e  to b e  ex am in ed ,

ท =  th e  vo lum e เท ml of w a te r o b ta in e d  in th e  first distillation, a n d  

ท’ = th e  total vo lum e in ml of w a te r  o b ta in ed  in th e  two distillations.

F igure 9. A zeo trop ic  distillation m ethod  (Thai H erbal P h a rm aco p o e ia , 1995).
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Part V. Quantitative controls 

Materials:
ล) C ru d e  d ru g  s a m p le s  a s  p a rt II

b) 98%  (+ )-T etrandrine  (Analytical g ra d e , A ldrich C hem .)

c) M ethanol (Analytical g ra d e , L ab -scan  A sia)

d) 28%  A m m onia hydroxide (Analytical g ra d e , L ab -scan  Asia)

e) T oluene (Analytical g ra d e , L ab -scan  Asia)

f) E thy lace ta te  (Analytical g ra d e , L a b -sc a n  Asia)

g) Aluminium s h e e t  silica gel 60 F2 5 4  (1.0554.0001 p reco a ted ,'M erck )

h) P h o sp h o ric  a c id  (Analytical g ra d e , Farm italia)

i) T rie thanolam ine (Analytical g ra d e , U nilab)

j) Sodium  hydroxide (Analytical g ra d e , J.T. B aker chem ical)

k) A m m onium  a c e ta te  (Analytical g ra d e , M erck)

l) A cetic  ac id  (Analytical g ra d e , B.H. ch em ica l)

m) A cetonitrile (Analytical g ra d e , J.T. B ak er chem ical)

Sample preparation

The d ried  roots of Cyclea barbata  w ere  g ro u n d  to fine pow der. After 
p a s s in g  a  s iev e  no. 40, two g ra m s  of th e  g ro u n d  roo ts w ere  w e ig h e d  into th e  th im ble  of 
a  S oxhlet ex trac to r, w e tte d  with 50 ml of a  m ixture of m ethano l-28%  am m onia  hydrox ide 
(95:5) a n d  left for 15 min. Then ad d in g  250 ml of th e  s a m e  so lven t s ta r te d  ex trac tion  a n d  

h ea tin g  to  80°c. After 5 h th e  ex trac t w a s  co o le d  to room  tem p e ra tu re , c o n c e n tra te d
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with ev ap o ra to r, tran sfe rred  quantitatively  to a vo lum etric  flask a n d  a d ju s te d  to  1 0 0  ml 
with m ethanol.

Procedure

Thin-layer chromatographic densitométrie analysis

Five-m icro I iter a liquot of e a c h  m ethano lic  ex trac t o b ta in ed  from a b o v e  
w as sp o tte d  on TLC p la te . The sta tio n ary  p h a s e  w a s  silica gel 60  F2 5 4  p la te  (M erck, 
D am stad t, G erm any) a n d  th e  m obile p h a s e  w as  to luene: ethyl a c e ta te :  m ethanol: 28%  
am m onia  hydroxide u sing  th e  so lven t ratio of 10:10:5:0.3. (+ )-T etrandrine  in e a c h  
sa m p le  in TLC p la te  w as  q u an tita ted  by  th e  d e v e lo p e d  T L C -densitom etric  m eth o d  an d  
c a lc u la te d  b a s e d  on its s ta n d a rd  cu rv e . TLC cond itions for (+ )-te trandrine  se p a ra tio n  
an d  d en sito m étrie  an a ly sis  a re  d e s c r ib e d  a s  follows.

Thin-layer chromatographic conditions for tetrandrine 
Separation

T ech n iq u e  : o n e  w ay, a s c e n d in g , sin g le  d e v e lo p m en t

S tationary  p h a s e : alum inium  s h e e t  silica gel 60  F2 5 4  (p re c o a ted , M erck)

P late s ize : 10 X 20 cm 2

Solvent sy s tem : to luene: ethyl a c e ta te :  m ethanol: 28%  am m onia
hydrox ide (10:10:5:0.3)

S am p le  size : 7 p i

D istance : 8  cm

T em p era tu re : 25-30  ๐c

D etection : Ultraviolet light 254  nm
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Densitométrie analysis

(+ )-T etrandrine s p o t  o b ta in e d  after thin layer c h ro m a to g ra p h y  w a s  
quan tita tive  by  th e  d en sito m étrie  m ethod  a s  d e sc r ib e d  below .

Instrum ental m odel : CAMAG T L C -Scanner II

Lam p : D euterium  (D2)

D eterm ination  m o d e : ab so rp tio n

S can  width : X = 6 .00  mm 

Y = 0 .40  mm

Sensitivity : high

W aveleng th  d e te c to r : 2 1 0  nm

Capillary electrophoresis (CE)

The a c c u ra c y  a n d  p rec isio n  of TLC densitom étrie  m ethod  w a s  e v a lu a te d  
using  cap illary  e le c tro p h o re s is  m ethod , w hich  co u ld  a lso  b e  u se d  for d e te rm in a tio n  th e  
(+ )-te trand rine  co n ten t in c . barbata  roots.

Capillary electrophoresis conditions

T etrand rine  in c . barbata  roots w as  an a ly se d  by  cap illary  
e lec tro p h o re s is . T he cond itions of CE a re  d e s c r ib e d  below .

Instrum ental m odel : P/ACE S ystem  5000  B eckm an

D etec to r : U ltraviolet light 214 nm

C apillary : u n c o a te d  fu se  silica capillary, 57 cm  in length  
(50 cm  to d e tec to r) X 50 p,m I.D.

T em p era tu re ๐oLOc\lT em p era tu re
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V oltage : 30  kV

Injection p re s su re : 0 .5  psi for 2 s e c

R unning buffer solution : p re p a re d  by  25 ml 200 mM A m m onia A c e ta te  
(m ethano l m edium ), 10 ml A cetic  ac id , a n d  20  ml 
A cetonitrile (ANC), th en  d iluted to  100 ml with 
m ethano l so lu tion  in 1 0 0  ml volum etric flask, a n d  
filtered th o u g h  a  0 .45  pm  filter.

C ondition new  cap illary : 1M NaOH for 15 min, 0.1 M NaOH for 15 min, 
w a te r  for 15 min, 0 .1 M H3 P 0 4  for 15 min 1 a n d  
running buffer for 15 min

R inse capillary : 0 .1 M NaOH for 20  min a n d  running buffer for 20 
min

Flush capillary : 0.1 M NaOH for 5 min, w a te r for 5 min, a n d  
running buffer for 5 min.

Preparation of standard Solutions for Calibration Curve

Five m illigram s of (+ )-te trand rine  w a s  d isso lv ed  in 100 ml m ethano l to 
g ive 0 .05  m g p e r  ml s to ck  solution. T he s to ck  solu tion  w as  d iluted to th e  co n cen tra tio n  
ran g e  of 0 .01 0 0 -0 .0 2 2 5  m g/m l (50-112 .5  ng /5  pi) for co n stru c tin g  their ca lib ra tion  cu rv e  
of (+ )-te trand rine  by T L C -densitiom etric analysis. For capillary  e lec tro p h o re s is , th e  s to ck  
solution w as d ilu ted  to co n cen tra tio n  ra n g e  of 0 .01 -0 .05  m g/m l (10-50 mg/L) w a s  u se d  
for co n stru c tin g  th e  calib ra tion  cu rv e  of (+ )-te trandrine .
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