
CHAPTER V

R E S U L T S  A N D  D I S S C U S I O N

Part I. Identification of standard (+)-tetrandrine

This c o m p o u n d  w a s  o b ta in e d  a s  w hite crystal (in m ethanol). It is so lu b le  
in m ethanol, ethanol, chloroform , d ich lo ro m eth an e , a n d  w ater.

[< : + 272° (c, 1 .00 in CHCI3 )

1 H-NMR 0 H ppm , 4 0 0  MHz, in CDCIj, T ab le  6  an d  F igure 10.

1 3 c -n m r : 8 C ppm , 100 MHz, in CDCI3 , T ab le  6  an d  F igure 11.

Proton a n d  C arb o n -1 3  n u c lea r m ag n e tic  re so n a n c e  (1H a n d  1 3 C-NMR)
ch em ica l shifts of this c o m p o u n d  w ere  sim ilar to 1H a n d  1 3 C-NMR of (+ )-te tran d rin e  
(T able 2 ).T etrandrine  show n  positive [ 0 1 ] of  274  (c, 2 .16  in CHClj) (S ou thon  et al., 
1989) similarly to positive [a] p4 of 272 (c, 1 .00  in CHCI3) sh o w e d  by this c o m p o u n d . 
T h ese  d a ta  confirm ed this c o m p o u n d  a s  (+ )-te trandrine .
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T able  6 . 1 H-NMR sp e c tra l a n d  1 3 C-NMR sp e c tra l of s ta n d a rd  (+ )-te trandrine
Proton Chemical shift (ppm) Carbon Chemical shift (ppm)

H-1 3.733(d, overlapped signal) C-1 61.335
NMe 2.328(s) NMe 42.214
H-3a 2.896(m) C-3 43.996
H-3B 3.512(m) C-4 21.904
H-4a 2.401 (m) C-4a 127.924
H-4IJ 2.924(m) C-5 105.626
H-5 6.296 (ร broad) C-6 151.305
6-OMe 3.721 (ร) C-7 137.770
7-OMe 3.183(s) C-8 148.418
H-8 - C-8a 122.900
H-a(b) 2.513(d, 12.4) c-a 41.897
H-Ot(a) 2.694(t, partly overlapped signal) C-9 134.933
H-10 6.547(d, 1.68) C-10 116.125
H-11 - C-11 149.294
12-OMe 3.926(s) C-12 146.927.
H-13 6.866(d,8.0) C-13 111.426
H-14 6.866(dd,8.0,1.16) C-14 122.629
H-r 3.866(dd,5.6,11.2) C-1’ 63.851
N’Me 2.613(s) N’Me 42.593
H-3’ft 2.866(m) C-3’ 45.204
H-3’a 3.429(m) C-4' 25.192
H-4’B 2.715(m) C-4 a ’ 128.039
H-4’a 2.947(m) C-5’ 112.623
H-5’ 6.505 (ร broad) C-6’ 148.525
6’-OMe 3.369(s) C-7’ 143.677
H-8’ 5.993(s) C-8’ 120.105
H -a’ 2.238(t,12.0, 11.6) C-8a’ 128.077

H -a’ 3.236(dd, 12.4,5.6) C-a’ 38.223
H-10’ 6.309(dd,8.0,2.0) C-9’ 135.212
H-11’ 6.807 (dd,8.2, 2.4,) C-10’ 132.593
H-13’ 7.138(dd, 2.4,8.0) C-11’ 121.922
H-14’ 7.341 (dd, 2.0,8.0) C-12’ 153.637

C-13’ 121.853
C-14’ 130.077
6-OMe 55.730
7-OMe 60.234
12-OMe 56.070
6’-OMe 55.776
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F igure 10. The 400 MHz 1H NMR spec trum  o f s tanda rd  (+ )-te trand rine  in CDCIg



F ig u re  10. The  4 0 0  M H z  1H N M R  s p e c tru m  o f s ta n d a rd  (+ ) - te tra n d r in e  in CDC Ig (C o n tin u e d ).

๐
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Figure 11. The 100 MHz 13c  NMR sp ec tru m  of s ta n d a rd  (+ )-te trand rine  in CDC!3.
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F igu re  11. The 100 M H z 13 c NM R  sp e c trum  o f s ta n d a rd  (+ )- te tra n d r in e  in CDCIg (C on tin u e d ).
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Part II. Macroscopic and microscopic characterizations of Cyc/ea barbata roots 

Macroscopical

T he root is longitudinally split into subcylindrical p ie c e s , 2 .0  to 7 .0  cm . in 
length  a n d  1.0 to 3 .0  cm  in d iam ete r. Externally, yellow to brow n, w h ere  o ccasio n a lly  
longitudinal f issu re s  or irreqularly w rinkled. The tran sv e rse ly  cu t su rfa c e  sh o w  p rom inen t 
an n u a l rings a n d  distinctly  rad ia te  co n cen tric  z o n e  of p ro jecting  m edullar rays. T he bark  
up  to 1 mm in th ic k n e ss  (Figure 12).

Microscopical

T he p o w d er p o s s e s s e d  th e  d iag n o s tic  m icroscop ica l c h a ra c te r s  a s  
follows (F igure13-14).

1. The frag m en t of brow n cork  c o m p o s e d  of two or th ree  layers of thin-w alled cells  
w hich a re  polygonal in su rface .

2. The a b u n d a n t thin-w ailed p a re n c h y m a  c o m p o se d  of e lo n g a te d  re c ta n g u la r  or 
irregularly ovoid con tain ing  s ta rc h  g ran u les .

3. The n u m ero u s lignified yellow sc le re id s , w hich o c c u r  singly or m ore freq u en tly  in 
sm all g ro u p . Individual cells  sh o w  c o n s id e ra b le  variation in s ize  a n d  s h a p e ,  the  
cells  a re  rec tan g u la r, irregularly ovoid or sm all polygonal sh a p e . T he m o st cells  
a re  m o d era te ly  th ick en ed  w alls with n u m ero u s  pits; so m e  is th e  th in n ed  wall cell 
con ta in ing  s ta rc h  g ran u les ; o c c a s io n a l ce lls  have  stratified, p itted , th ick en ed  
wall with a  narrow  lum en.

4. The lignified fibers, w hich o ccasio n a lly  o c c u r  singly a n d  m ostly found  in sm all 
g ro u p  or found  a s s o c ia te d  with v e sse ls ; thin-w alled a n d  lignified ce lls  with 
c o n sp ic u o u s  s im p le  pits.

5. The lignified v e sse ls , frequen tly  found  frag m en ted  of large  sim ple  a n d  b o rd e re d  
p itted  v e s s e ls  a n d  a lso  found  sing ly  or in sm all g ro u p s  v e s s e ls  with b o rd e re d  
pits. Few  v e s s e ls  a lso  o c c u r  with re ticu la te  th ickening.



6. The a b u n d a n t s ta rc h  g ra n u le s , w hich  a re  m ostly sim ple , sp h e rica l to  ovoid with a 
c ircular, s lit-sh ap ed  or s te lla te  hilum, a  n u m b er of c o m p o u n d  g ra n u le s  a lso  
o c c u r  with two or th ree  c o m p o n e n ts .
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< --------------------- >

5 cm.
Figure 12. Macroscopic character of C y c l e a  b a r b a t a  (Wail.)Miers roots.

Samples of “ Krung Kha Mao” ; Bangkok(Jao-krom-per); J-1, Bangkok(Vechapong); V-1, 
Ubonrachathanee; U-1, Nakornrachasima; N-1.
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Figure 12. Macroscopic character of C y c l e a  b a r b a t a  (Wall.)Miers roots (Continued)

Samples of “ Krung Kha Mao” ;Songkla; ร -11 Surachthanee; R-11 and Chiang-Mai; C-1.
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Figure 13. M icroscopic character of C y c l e a  b a r b a t a  (Wall.)Miers roots

Cork cells (1), Parenchyma cells (2A-2B), Parenchyma containimg starch granules (2C), Thinned wall 
sclereids containing starch granules (3A), Yellow thicken wall sclereids (3B), Lignified sclereids 
detected with phlroglucinol solution and hydrochloric acid (3C),Group of yellow thicken wall 
sclereids (3D), Group of lignified fibers (4), Bordered pits vessels (5A-5C), Lignified vessels detected 
with phlroglucinol solution and hydrochloric acid (5D) and starch granules (6)
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Figure 14. M icroscopic character of C y c l e a  b a r b a t a  (Wall.)Miers roots

Cork cells (1), Parenchyma cells (2A-2B),Lignified Thicken wall sclereids (3A), Thinned wall sclereids 
containing starch granules (3B), Lignified fibers(4), Lignified vessels and Bordered pits vessels (5), 
and Starch granules (6)
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Part III. Thin-layer chromatographic pattern of roots extract

The results of one-dimensional TLC of crude extract are shown in figure

15-19.

System 1: Dichloromethane: Hexane: Methanol: Ammonia (5:4:1:0.3)

System 2: Ethylacetate: Hexane: Methanol: Ammonia (4:4:1:0.3)

System 3: Toluene: Ethylacetate: Methanol: Ammonia (10:10:5:0.3)

System 4: Chloroform: Methanol: Ammonia (5: 1: 0.3)

Labelled on TLC plate,

T = 0.02% Tetrandrine in methanol

ร = Crud drug sample extract

A = Authentic sample (Cyc/ea b a r b a t a  roots extract)

ป = Sample from Bangkok (Jao-krom-per drugstore)

V = Sample from Bangkok (Vechapong drugstroge)

c  = Sample from Chiang-Mai

R = Sample from Surachthanee

N = Sample from Nakornrachasima

ร = Sample from Songkla

บ = Sample from Ubonrachathanee

________ = spot was shown เท every sample.

= spot was shown in some sample.
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System 1: Dichloromethane: Hexane: Methanol: Ammonia (5:4:1:0.3)
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System 2: Ethylacetate: Hexane: Methanol: Ammonia (4:4:1:0.3)

Figure 15. One-dimensional thin-layer chromatogram of C y c l e a  b a r b a t a  roots extract. 
Visible in daylight (A), quenching under uv 254 nm (B), fluorescence under uv 365 nm (C), 
detection with Dragendroff’s reagent (อ), Detection with Anisaldehyde-sulphuric acid reagent (E).
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System 3: Toluene: Ethylacetate: Methanol: Ammonia (10:10:5:0.3)
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System 4: Chlorofrom: Methanol: Ammonia (5: 1: 0.3)

Figure 15. One-dimensional thin-layer chromatogram of C y c l e a  b a r b a t a  roots extracts 
(Continued)
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Fluorescence under u v  254 nm Fluorescence under u v  365 nm

Detection with Dragendorff’s reagent Detection with Anisaldéhyde acid reagent

Figure 16. One-dimensional thin-layer chromatogram of Cyclea barbata roots extract
[System 1: Dichloromethane: Hexane: Methanol: Ammonia (5:4:1: 0.3)]
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Fluorescence under u v  254 nm

Detection with Dragendorff’s reagent Detection with Anisaldéhyde acid reagent

Figure 17. One-dimensional thin-layer chromatogram of Cyclea barbata roots extract
[System 2: Ethylacetate: Hexane: Methanol: Ammonia (4:4:1:0.3)]
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T A J  V C  NS  R  u

Detection with Dragendorff’s reagent

T A J  V C N S R U

Fluorescence under u v  365 nm

Detection with Anisaldéhyde acid reagent

Figure 18.One-dimensional thin-layer chromatogram of Cyclea barbata roots extract
[System 3: Toluene: Ethylacetate: Methanol: Ammonia (10:10:5:0.3)]



75

Fluorescence under uv 365 ททา

Ulléèèl
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Detection with Dragendorff s reagent Detection with Anisaldéhyde acid reagent

Fluorescence under u v  254 ททา

Figure 19. One-dimensional thin-layer chromatogram of C y c l e a  b a r b a t a  roots extract 
[System 4: Chloroform: Methanol: Ammonium (10: 2: 0.3)]



76

Table 7. h R, value of one-dimensional TLC of Cyclea barbata roots extract
[Solvent system- Dichloromethane: Hexane: Methanol: Ammonia (5:4:1:0.3)]

Spot hR, uv 254 nm UV 365nm Visible in 
daylight

Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

1 2-5 - Light blue - - -

2 6-7 Quenching Light blue Pale yellow Orange -

3 8-12 Quenching Orange Pale yellow Orange -

4* 13-17 Quenching Blue-
green

Pale yellow Orange

5 17-23 - Orange - - -

6 29-31 - - - - Purple

7 39-43 - - - - Purple

8 49-59 Blue-
green

9 59-62 Quenching - - - -

10 65-71 - Light blue - - -

11 70-76 - - - - Red wine

12 79-87 - - - - Purple

(-r)-Tetrandrine
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Table 8. hRf value of one-dimensional TLC of Cyclea barbata roots extract
[Solvent system- Ethylacetate: Hexane: Methanol: Ammonia (4:4:1:0.3)]

Spot hRf uv  254 nm UV 365 nm Visible เท 
daylight

Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

1 5-15 Quenching Light blue - - Purple

2 . 17-18 - Light blue - - -

3 18-24 Quenching Orange Pale yellow Orange -

4 24-29 Quenching Light blue Pale yellow Orange -

5 29-32 Quenching Orange Pale yellow Orangé -

6* 32-37 Quenching Light blue Pale yellow Orange -

7 37-39 - Orange - - -

8 58-66 - - - - Purple

9 66-71 - - - - Purple

10 71-75 - - - - Purple

11 75-80 - Light blue - - Purple

12 80-85 Quenching - - - Red wine

13 85-92 Quenching - - - Purple

(+)-Tetrandrine



Tab le  9. hRfva lue o f one-d im ensiona l TLC o f Cyclea barba ta  roots ex trac t

[So lvent sys tem - Toluene: E thylacetate: Methanol: Am m on ia  (10:10 :5 :0 .3 )]

Spot hR, uv 254 nm uv  365 nm Visible in 
daylight

Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

1 11-24 - - - Purple

2 21-27 - Light blue - - -

3 34-38 Quenching Orange Pale yellow Orange -

4 40-43 Quenching Orange Pale yeilow Orange -

5 45-49 Quenching Orange Pale yellow Orange -

6* 50-54 Quenching Light blue Pale yellow Orange -

7 55-58 - Light blue - - Purple

8 58-64 - Light blue - - Purple

9 64-73 - Light blue - - Purple

10 73-85 - - - - Red wine

(+)-Tetrandrine
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Tab le  10. h R, va lue  o f one-d im ens iona l TLC o f Cyc/ea barba ta  roots ex trac t

[S o lven t sys tem - Chloro form : Methanol: Am m on ia  (5 :1 : 0 .3 )]

Spot hRf u v  254 nm UV 365 nm Visible in 
daylight

Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

1 12-28 - - - Purple

2 18-28 - Blue-green - - -

3 28-34 - Light blue - - -

4 37-40 Quenching Light blue Pale yellow - -

5 43-46 - Light blue - - -

6 50-55 Quenching Blue-green Pale yellow - -

7 58-61 - Light blue - - -

8 61-67 - Red orange - - Purple

9 68-74 Quenching Orange Pale yellow Orange Purple

10 74-77 - Orange - - Purple

11* 77-80 Quenching Light green - Orange Red wine

12 80-86 - Light blue - - Purple

*(+)-Tetrandrine
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2. Ethylacetate: Hexane: Methanol: Ammonia (4:4:1:0.3)

Figure 21. Two-dimensional thin-layer chromatogram of C y c l e d  b a r b a t a  roots extract

System 1: Dichloromethane: Hexane: Methanol: Ammonia (5: 4: 1: 0.3) 

System 2: Ethylacetate: Hexane: Methanol: Ammonia (4: 4: 1: 0.3)

(+)-Tetrandrine
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The results of two-dimensional TLC of crude extract of authentic sample  
are shown as follows:

2. Chloroform: Methanol: Ammonia (5:1:0.3)

Figure 20. Two-dimensional thin-layer chromatogram c  of C y c l e s  b a r b a t a  roots extract 

System 1: Toluene: Ethylacetate: Methanol: Ammonia (10:10:5:0.3)

System 2: Chloroform: Methanol: Ammonia (5: 1: 0.3)

(+)-Tetrandrine
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System 2: Chloroform: Methanol: Ammonia (5: 1: 0.3)

Tab le  11. Rf va lue o f tw o -d im ens iona l TLC o f Cyclea barba ta  roots ex trac t

System  1: Toluene: E thylacetate: Methanol: Am m on ia  (10:10:5:0.3)

Spot Code uv 254 UV 365 Dragendorff 
’ร reagent

Anisladehyde- 
sulfuric acid 

reagent

1 0000 00 65 00 00

2 0000 00 60 00 00

3 0020 00 20 00 00

4 0028 00 45 00 00

5 1818 00 00 00 75

6 1820 00 20 00 00

7 2828 00 60 00 00

8 2828 00 20 00 00

9 3868 93 00 25 00

10 4070 93 00 25 00

11 4878 95 00 25 00

12* 5080 95 00 25 00

13 5078 00 20 00 00

14 5868 00 20 00 00

15 6878 00 00 00 70

16 6880 00 50 00 00



Spot Code uv 254 UV 365 Dragendorff 
’ร reagent

Anisladehyde- 
sulfuric acid 

reagent

17 7088 00 20 00 00

18 7880 00 00 00 70

19 7888 00 00 00 70

20 8888 00 00 00 75

21 9078 95 00 00 75

(+)-Tetrandrine



Table 12. Rf value of two-dimensional TLC of C y c le a  b a r b a ta  roots extract

System 1: Dichloromethane: Hexane: Methanol: Ammonia (5: 4:1: 0.3) 

System 2: Ethylacetate: Hexane: Methanol: Ammonia (4: 4: 1: 0.3)

Spot Code uv  254 UV 365 Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

1 1800 00 60 00 00

2 1000 00 20 00 00

3 0000 00 60 00 00

4 0000 00 60 00 ' 00

5 0800 00 60 00 00

6 0820 90 00 25 00

7 0828 95 00 25 00

8* 1830 95 00 25 00

9 1830 00 60 00 00

10 1840 00 45 00 00

11 1860 00 00 00 75

12 3878 00 00 00 75

13 4878 00 45 00 00

14 5068 00 20 00 00

15 6078 00 60 00 00

16 6880 90 00 00 00



Spot Code uv 254 UV 365 Dragendorff ’ร 
reagent

Anisladehyde- 
sulfuric acid 

reagent

17 8080 00 00 00 70

18 9080 90 00 00 00

19 8888 00 00 00 75

(+)-Tetrandrine
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Part IV. General of quality controls

The quality controls of Cyc/ea b a r b a t a  which were purchased from  
traditional drugstores are shown as in Table 13.

Table 13. Loss on drying, moisture content, total ash, acid insoluble-ash, extractive 
values in seven samples of C y c l e a  b a r b a t a  root.

a) Sample V

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

V1 9.87 9.10 5.90 1.97 16.80 16.38

V2 9.62 9.07 5.96 1.99 17.89 15.60

V3 9.74 9.05 5.61 1.98 17.72 15.12

mean 9.74 9.07 5.58 1.98 17.47 15.70
sd 0.13 0.03 0.19 0.01 0.59 0.64
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ช) Sample J

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value 
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

J1 9.68 7.13 5.48 1.95 19.53 16.73

J2 9.57 7.83 5.57 1.98 18.96 17.65

J3 9.75 7.28 5.28 1.91 18.87 17.48

mean 9.67 7.41 5.44 1.94 19.12 17.29

sd 0.09 0.37 0.15 0.04 0.36 0.49

c) Sample c

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value 
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

C1 9.27 8.41 5.45 1.95 18.00 17.58

C2 9.63 8.47 5.66 1.98 18.99 17.96

C3 9.59 8.92 5.28 1.99 18.96 17.99

mean 9.50 8.60 5.46 1.97 18.65 17.84

sd 0.20 0.28 0.19 0.02 0.56 0.23
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d) Sam ple บ

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value 
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

111 9.77 8.78 5.54 1.28 18.92 18.52

บ2 9.74 8.82 5.94 1.26 18.99 18.53

U3 9.94 8.90 5.97 1.24 19.99 19.12

mean 9.82 8.83 5.82 1.26 19.30 18.76

sd 0.11 0.06 0.24 0.02 0.60 0.32

e) Sample N

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

N1 9.28 7.10 4.78 0.64 18.87 16.97

N2 9.46 7.27 4.40 0.63 20.87 19.96

N3 9.38 7.27 4.76 0.63 20.80 17.96

mean 9.37 7.21 4.64 0.63 20.18 18.30

sd 0.09 0.10 0.21 0.01 1.13 1.52
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f) Sample ร

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value 
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

S1 9.38 8.92 4.47 0.64 20.00 19.96

S2 9.66 8.32 4.44 0.61 20.00 18.92

S3 9.38 8.42 4.43 0.63 19.88 19.34

mean 9.47 8.55 4.44 0.63 19.96 19.41

sd 0.16 0.32 0.02 0.02 0.07 0.52

g) Sample R

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

R1 9.62 7.26 5.30 0.99 20.12 19.84

R2 9.87 7.92 5.57 1.31 21.12 19.96

R3 9.87 7.14 5.61 1.32 20.91 19.96

mean 9.79 7.44 5.49 1.21 20.72 19.92

sd 0.14 0.42 0.17 0.19 0.53 0.07
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h) Seven samples

Crude drug 
sample

Loss on 
drying

(%)

Moisture
content

(%)

Ash content (%) Extractive value
(%)

Total
ash

Acid insoluble 
ash Ethanol Water

V* 9.74 9.07 5.58 1.98 17.47 15.70

J* 9.67 7.41 5.44 1.94 19.12 17.29

c* 9.50 8.60 5.46 1.97 18.65 17.84

บ* 9.82 8.83 5.82 1.26 19.30 18.76

N* 9.37 7.21 4.64 0.63 20.18 18.30

ร* 9.47 8.55 4.44 0.63 19.96 19.41

R* 9.79 7.44 5.49 1.21 20.72 19.92

MEAN 9.63 8.16 5.30 1.38 19.34 18.17

SD 0.19 0.78 0.54 0.61 1.00 1.31

V* = mean values of sample V 

J* = mean values of sample J 

c* = mean values of sample c

N* = mean values of sample N 

ร* = mean values of sample ร 

R* = mean values of sample R

บ* = mean values of sample บ
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Part V. Quantitative quality controls

With an a ly se-sp ik in g  a n d  sp ec tru m -m atch in g  te c h n iq u e s  (F igure 24 an d  
25), te tran d rin e  w as  identified in th e  sa m p le s  p re p a re d  from th e  roots of th e  p lan t 
Cyclea barbata  Miers.

A typical e lec tro p h e ro g ram  is show n in figure 22 an d  23. All se v e n  
h erb a l m ed ic ine  s a m p le s  g a v e  te tran d rin e  p e a k  with hRf v a lu es  52.1 in TLC- 
d en sito m etric  m eth o d  a n d  it g a v e  te tran d rin e  p e a k  a t 6.321 min in CE m ethod .

For quantitation , th e  external s ta n d a rd  m ethod  w a s  em p lo y ed  in TLC- 
densitom etric . The calib ra tion  cu rv e  for te tran d rin e  w as c o n s tru c te d  in th e  co n cen tra tio n  
ra n g e  0 .0100-0 .0225  m g/m l (50-112 .5  ng/5pl) with the  linear reg re ss io n  eq u a tio n  a n d  
correlation  coeffic ien t (Figure 26) b e in g  a s  follows:

y  = 10 .989  x  + 13.625, (ท2  = 0 .9971)

w hen  y  is th e  in teg ra ted  p eak  a re a  (integration units) a n d  X  is th e  am o u n t (ng) of 
te tran d rin e  in sam p le .

Similarly, for CE, th e  calibration  c u v e  w as c o n s tru c te d  in th e  
co n cen tra tio n  ra n g e  of 0 .01 -0 .05  m g/m l (10-50 mg/L) with th e  linear reg re ss io n  eq u a tio n  
a n d  corre la tion  coeffic ien t (Figure 27) be in g  a s  follows:

y  = 763 .65  X -  4493 .3 , {r2 = 0 .9986)

w hen  y  is th e  in teg ra ted  p eak  a re a  (in tegration  units) a n d  X  is th e  co n cen tra tio n  (mg/L) 
of te tran d rin e  in sam p le .

T hus, th e  am o u n ts  of te tran d rin e  in Cyclea barbata  roo ts c a n  b e  
quan tified  a c c o rd in g  to  th e  a b o v e  reg re ss io n  lines or eq u a tio n s . T ab le  14 lists th e  
d e te rm in ed  v a lu es  of te tran d rin e  in Cyclea barbata  roots.
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Figure 22. Top: T L C -electropherog ram  of s ta n d a rd  (+ )-te trandrine  (hRf v a lu e  = 52.1) 
a n d  bottom : (+ )-te trandrine  in Cyclea barbata  roots ex trac t (hR, value  = 52.1).
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Figure 23. Top: C E -e lec tro p h ero g ram  of s ta n d a rd  (+ )-te trand rine  (RT = 6.321 min) a n d  
bottom : (+ )-te trand rine  in Cycled barbata  roo ts ex trac t (RT = 6 .330  min).
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AK Vf! r h :î n c 6 f% ^4 ÇiÇi * ™*  -  V  , 0 / 95,00  ̂ 210 CiB

TET standard (lower line) 
TET in extract (upper line)
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Figure 24. U V -absorption  s p e c tr a  of s ta n d a rd  (+ )-te trandrine  (low er line) a n d  th e  
c o m p o u n d  on TLC p la te  with sim ilar hRf v a lu e  to  (+ )-te trandrine  in Cyclea barbata  roo ts 
ex trac t (u p p e r  line).
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Figure 25. R ep re sen ta tio n  of C E -e lec tro p h ero g ram  illustrating of th e  ex trac t of 
Cyclea barbata  roo ts to  d e te rm in e  th e  p re s e n t  of te tran d rin e  in th e  ex tract. Top: 
e lec tro p h e ro g ra m  of th e  ex trac t, bottom : e le c tro p h e ro g ra m  of th e  ex trac t sp ik ed  with 
te trandrine .
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Calibration curve of tetrandrine by TLC-densitometric method
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Figure 26. C alibration cu rve  of (+ )-te trandrine  by T L C -densitom etric  m ethod .

Calibration curve of tetrandrine by CE method
y = 763.65X - 4493.3
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Figure 27. C alibration cu rve  of (+ )-te trandrine  by CE m ethod .
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T ab le  14. T etrandrine  co n ten t (% พ/พ) in s e v e n  Cyclea barbata  roots.

S am ple T etrandrine  co n ten t (% w/w) 
T L C -densitom etric m ethod*

T etrand rine  co n ten t (%w/w) 
CE m ethod*

J-1 1.15 ± 0 .0 6 1.14 ± 0 .04

V-1 1.15 ± 0 .0 5 1.14 ± 0 .0 5

C-1 1.16 ± 0 .0 5 1.06 ± 0 . 0 2

R-1 0.39  ± 0 .0 1 0 .33  ± 0.01

S - 1 0.37 ± 0.01 0 .34 ± 0 .0 1

N-1 0 .45  ± 0 .02 0 .45  ± 0.02

U-1 0 .35  ± 0.02 0 .38  ± 0.02

* E ach  va lue  re p re se n te d  th e  m ean  ± ร อ  of an a ly sis  (triplicate in e a c h  sam p le ).
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Figure 28. Bar g ra p h  of (+ )-te trandrine  in Cyclea barbata  roots d e te rm in ed  by 
T L C -densitom etric m e th o d  a n d  CE m ethod . The v a lu e s  of (+ )-te trandrine  co n te n t w ere  
o b ta in ed  from T ab le  14.
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T ab le  15. P a ired  sa m p le  t-test. 

a) P a ired  S a m p le s  S ta tistics

Std. Error

Mean N std . Deviation Mean

Pair 1 TLC 0.7234 21 0.36799 0.08030

CE 0.6931 21 0.37370 0.08155

P aired  S am p le s  S ta tis tics  show s for e a c h  variab le , th e  n u m b er of c a s e s ,  the  m ean , the  
s ta n d a rd  dev iation , a n d  th e  s ta n d a rd  error of th e  m ean

b) P a ired  S a m p le s  C orrelations

N Correlation Sig.

Pair 1 TLC & CE 21 0.982 0.000

P aired  S am p le s  Correlations show s th e  corre la tion  b e tw een  th e  two variab les . T he two 
v a riab le s  a re  positively co rre la ted , r ( N -  21) =  0 .982 , p  = 0.000.

c) P a ired  S a m p le s  T est

Paired D ifferences t d f

Sig. (2- 
ta iled)

Mean

Std.

Deviation

Std. Error 
Mean

95% Confidence Interval 
of the Difference

Lower Upper

Pair 1 TLC - CE 0.0303 0.06984 0.01524 -0.0015 0.0621 1.990 20 0.060

P aired  S a m p le s  Test sh o w s th e  t s ta tis tic s  for th e  p a ired  d ifferences. C o m p are  b e tw e e n  
c o n te n t of (+ )-te trand rine  d e te rm in e  by  T L C -densitom etric  m ethod  a n d  CE m eth o d . The 
m ean  w as le ss  d iffe rence , 0.0303, t (20) =  1 .990, p  = 0.060.

TLC = (+)-tetrandrine content determ ine by TLC-densitometric method

CE =  (+)-tetrandrine content determ ine by CE method
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Discussion

This s tu d y  d e a le d  with th e  investigation  of p h a rm a c o g n o s tic  
spec ifica tio n  of Cyclea barbata  Miers (K rung Kha Mao) roots. M acro sco p ic  c h a ra c te rs  
of Krung Kha M ao from sev e ra l so u rc e s  in this s tu d y  a re  slightly d iffe ren ces  in leng th  
a n d  d iam ete r, d u e  to  th e  p rep a ra tio n  of th e s e  c ru d e  d ru g s  in e a c h  so u rc e , whilst th e  
m ic ro sco p ic  c h a ra c te rs  a re  sim ilar including th e  TLC patte rn .

M icroscopically , th e  m ajority tis su e s  w ere  found  a s  sc le re id s , co rks a n d  
s ta rc h  g ran u le s . T he TLC p a tte rn s  sh o w ed  m ajor co n stitu en t of alkalo id  e sp ec ia lly  
te tran d rin e  th a t w ere  u se d  a s  th e  m arker for p lan t identification.

M oisture co n ten t is em p lo y ed  to  control th e  w a te r in c ru d e  d rug . O n th e  
o th e r h an d , lo ss  on drying co n tro ls  th e  lo ss  in w eigh t (d u e  to w ate r a n d  o th er volatile 
m aterials) of c ru d e  drug . T he e x c e ss iv e  co n ten t of w a te r เท c ru d e  d ru g s  a n d  
te m p e ra tu re  a re  th e  p rom oter fac to rs  of fungal a n d  b ac te ria l grow th w hich c a u s e  th e  
sp o ilag e . A sh co n te n t a re  a c c o u n ta b le  for controlling th e  adm ixture of fo reign  inorganic  
m atter d u e  to  their s to ra g e , co n ta in e r or intentional a d d  to d isg u ise  th e  a p p e a ra n c e  of 
c ru d e  drug .

T he de term ination  of e th an o l-so lu b le  ex trac tive  va lue  is u s e d  to contro l 
th e  co n s titu en ts  of c ru d e  d ru g s  w hich c a u s e  inferiority from m any fac to rs  su c h  a s  
m oisture co n ten t, tem p e ra tu re , harvesting , drying p ro c e s s , k ep t duration  a n d  s to ra g e .

Cyclea barbata  roots from  sev era l location  w ere  d e te rm in e d  a n d  
c o n c lu d e d  th e  d a ta  a s  an  e s tim a te d  p e rc e n ta g e  v a lu es .T h e  resu lts  of quality  con tro ls 
Cyclea barbata  roo ts cou ld  inform th e  s tan d a rd iza tio n  of this d ru g  a s  sh o w n  เท T ab le  16.
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T able  16. G en era l spec ifica tio n  of Cyclea barbata  roots.

Data interval (%) Mean ± รอ (%)

L oss on drying 9 .27 -9 .94 9.62 ± 0 .1 9

M oisture co n ten t 7 .10 -9 .10 8.16 ± 0 .7 8

Total a sh 4 .40 -5 .97 5 .30 ± 0 .54

A cid-inso lub le a sh 0 .61 -1 .99 1.38 ± 0 .6 1

E thanol-so lub le  extractive  value 16 .38-21 .12 19.34 ± 1.00

W ater-so lub le  ex tractive  value 15 .12-19 .99 18.17 ± 1.31

เท o rd er to  ev a lu a te  its a c c u ra c y  a n d  p rec ision , T L C -densitom etry  w as 
c o m p a re d  with th e  capillary  e le c tro p h o re s is  (CE) m ethod . เท this study , a  n u m b er of 
Cyclea barbata  root sa m p le s  from se v e n  s o u rc e s  w ere  an a ly zed  for their (+ )-te trand rine  
c o n te n t using  th e  two m e th o d s a n d  th e  resu lts  w ere  c o m p a re d . It c a n  b e  s e e n  in T ab le  
14-15 a n d  Figure 28 th a t th e  v a lu e s  of (+ )-te trand rine  co n ten t of s e v e n  sa m p le s  
d e te rm in ed  by  T L C -densitom etry  (M = 0 .7234 , ร อ  = 0 .36799) w as c lo se d  to v a lu e s  of 
(+ )-te trand rine  co n ten t d e te rm in ed  by  CE m eth o d  (M = 0 .6931 , ร อ  = 0 .3 7 3 7 0 , d  =
0.982). The two v a riab les  a re  positively c o rre la ted , r (N = 21) =  0 .982 , p  = 0 .0 0 0  an d  
th e re  w ere  not significantly d iffe ren ce  (t (20) =  1.990, p  > 0 .060). เท te rm s of p rec ision , 
th e  th re e  s e p a ra te  determ ination  of e a c h  sa m p le  sh o w ed  narrow  ra n g e  in their s ta n d a rd  
dev ia tion  (รอ).

Cyclea barbata  roo ts from sev e ra l s o u rc e s  c o n ta in ed  v ariab le  
(+ )-te trand rine  co n ten ts , rang ing  from 0 .33  to  1 .21%  (พ/พ) (T able 14, F igure 28). The 
d iffe ren ce  in (+ )-te trandrine  co n te n ts  in th e  c ru d e  d ru g s  m ight b e  d u e  to  a g e  of p lan ts, 
g e o g ra p h ic  a n d  g en e tic  variations. M oreover th e  s e a s o n  of co llection  a n d  s to ra g e  
cond ition  m ight a lso  c a u s e d  th e  fluctuation point of view.
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