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SUMMARY 

Oxindole alkaloids occurring in various species of Mitragyna were determined 
quantitatively by means of ultra-violet spectrophotometry, calorimetry and densi- 
tometry after extracting the total alkaloid from the plant material and separating the 
individual alkaloids by thin-layer chromatography. The results showed that if there 
were few’alkaloids in the plant there was little to choose between the three methods 
and that in each case the coefficient of variation was small but if a large number of 
alkaloids were present the results from all three methods showed greater coefficients of 
variation, those being obtained by densitometry being less reliable than the others. 

INTRODUCTION 

Methods ,for the quantitative determination of some Mitragyna oxindole 
alkaloids by means of ultra-violet spectrophotometryl, colorimetry2 and densitometry3 
after separation by TLC have been described. These methods, however, involved the 
use of artificial mixtures of isolated alkaloids so that it is necessary to consider the 
application of the methods to plant material which may contain other alkaloids and 
also non-alkaloidal constituents. This report gives some account of the application 
of the three methods to different species of Mitragyna and assesses the reliability of 
each method. 

EXPERIMENTAL 

Plartt materiaki 
Leaves of Mitragyna inermis (Willd.) 0. Kuntze, obtained from Ghana. 
Leaves of Mitragyna rotundifolia (Roxb.), obtained from the Phillipines. 
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Leaves of Mitragyna rotzcndifoLia (Roxb.), obtained from Burma. 
Leaves of Mitragyna $arvifolia (Roxb.) Korth., obtained from India. 
Bark of Mitragyrta $arvifoZia (Roxb.) Korth., obtained from India. 

Extraction of alkaloids 
Samples of 5.0 or 10.0 g coarsely powdered leaf or bark were moistened with 

ammonia and shaken continuously for I h in the cold with 3 x 50 ml ethyl acetate 
successively. The combined macerates were concentrated to about IO ml under 
reduced pressure and extracted with 3 x IO ml IO o/0 sulphuric acid. The acidic solution 
was then made alkaline with, ammonia and extracted with 3 x IO ml chloroform, 
After washing the chloroform extract with water and drying with sodium sulphate it 
was concentrated under reduced pressure, the final volume being adjusted to IO ml. 

Colzcmn chromatogra#iy (when necessary) .Alumina; column 5.0 x 1.5 cm, Eluate : 

chloroform-methanol (98 : 2). 
Thin-Layer chromatogra$hy. As given in Parts I 1, II? and 1113. Gradient TLC as 

described by SHELLARD, ALAM AND ARMAH~. 
Sfiectro$hotometry. As given in Part Il. 
Calorimetry. As given in Part 112. 
Densitometry. As given in Part II13. 

RESULTS AND DISCUSSION 

Although it is usual for isomeric pairs of alkaloids to be present in’ Mitragyna 
plant material, care must be taken during extraction and isolation processes to prevent 
further isomerisation of the alkaloids. This ‘precaution is even more necessary when 
the alkaloids are extracted for quantitative.analysis. Experiments indicated’that when 
oxindole alkaloids are refluxed in alkaline solution (e .g. pyridine or ethyl acetate 
containing ammonia) isomerisation quickly occurs but at room temperature isomeri- 
sation is very slow and none is detected after 12 11. Consequently the method used for 
extracting the alkaloids was as described under “Experimental”. 

For qualitative work the chloroform solution after concentration was examined 
with thin-layer chromatography including gradient TLC using several systems and 
various differential spray reagents to ascertain whether any of the six oxindole 
alkaloids under discussion were present. It was sometimes necessary to separate the 
mixture by means of column chromatography, small scale preparative chromatography 
or by a pH buffer solution extraction in order to confirm the identity of the alkaloids. 

Even for quantitative work it was sometimes necessary to clean up the alkaloidal 
mixture by passing it through an alumina column in order to obtain thin-layer chro- 
matograms in which the alkaloidal spots were not contaminated with an alkaloidal 
material. Table I shows the results of the qualitative analysis. Among the total number 
of alkaloids, indole alkaloids and oxindole alkaloids other than those under con- 
sideration may have been present. Fig. I shows the appearance of the scanogram of the 
alkaloids from Mitragyna rotundifolia from the Phillipin,es before, and after passing 
the mixture of alkaloids through a column of alumina. Figs. .2-5 show some of the 
chromatograms obtained. Tables II-V give ‘the results of the quantitative determi- 
nations (each figure is an average of six applications on one plate). For the densitometric 
determination,‘method A was useda. . : ,. .” ’ ” “’ 
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TAULE 1 . 

OXINDOLE ALKALOIDS IDENTIFIED IN MITRAGYNA PLANT MATERIAL 

Pleat matekd ‘I’0.W O.&dole allrnlo~ids 
hlo. of 
dh_&idS 

#,rese,lzr! 

M. parvifolia, bark 

M. y!urvifoZia, leaves 
(both from India) 

M. ~otztndifoolin, leaves 
(from Burma) 

2 mitraphylline, ison~itrapl~yllinc 

3 mitraphylline, isomitraphylline 

5 rhynchophylline, isorhynchophylline 

M. r*otundafolin, leaves 
(from the Phillipincs) 

7 rhynchophylline, isorl~yncl~ophylline 
mitraphylline, isomitraphylline 

M. i?aewzis, leaves 
(from Ghana) 

II rhynchophylline, isorhynchophylline 
rotunclifoline, isorotunclifolinc 

It was often necessary to use several TLC systems in order to obtain good 
separation of the alkaloids although with Mitmgye,a rotumlijblia leaves it was not 
found possible to separate isorhynchophylline and isomitraphylline sufficiently to 
permit them to be determined by the calorimetric method. They were determined 
differentially by the U.V. spectrophotometric method1 and by scanning in a direction 
perpendicular to the line of development by the densitometric method3. Silica gel/ether 
was employed for these determinations but the estimation of mitraphylline and 
rhyn~chophylline was made from a silica gel/chloroform-acetone (5 :4) system. With 
Mitragyna inermis leaves it was not possible to estimate rotundi%oline and isorhyn- 
chophylline by the densitometric method since they could not be separated from 

(a) A 
(b) 

,’ ,d 

Fig. I. Scanograms. Total allraloidal extract of Mitragyna +dwz&fd& from the Phillipines. (a) 
Silica gel/chloroform-acetone (5 :4) ; (b) silica gel/ether. ( 0 a. a 
( --) after passing through column. 

* a) before passing throqgh column ; 
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Fig. 2. Chromatograms of allcaloiclal extracts of (A) leaves and (B) bark of Mitwgynn finvuifdt’a. 
from Dehraclun, India, a = lilotunclifolinc; b - isorotunclifoline; c = rhynchophylline; cl - iso- 
rhynchophyllinc ; e = mitraphyllinc ; f = isomitraphylline. 

Fig. 3. Chromatograms of allraloidal extracts of the leaves of Mitrugyna robr~~zdi~otiu from Burms. 
a-f, see the legend to Fig. 2. 

further alkaloidal material with any solvent systems along with silica gel. They were 
dete+ned as binary mixtures by both the U.V. spectrophotometric and calorimetric 
methodsl~2. 
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Fig. 4. Chromatograms of allraloiclal extracts of the leaves of Mitrugynu rotundifolia from the 
Phillipines, a-f, see the legend to Fig. 2. 

Fig. 5. Chromatograms of allcaloidal extracts of the leaves of Milru~~na inervnis~ from Ghana. 
a-f, see the legencl to Fig. 2. 
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TABLE II 

DETERMININATION OF THE IDENTIFII3D OXINDOLE ALlCA’LOlDS IN THE ‘BARK AND LEAVISS OF 
Mit#'Ug_Y?Z~ &lS'VifO~ia FROM INDIA 

Two and three alkaloids present respectively. 

(A) BARK 

Alkuloid Amorwzt (mg) in IO g bark 

U. V. s$ectro- Calorimetry Dewitomehy 
photometry 

-- 
Mitraphylline 6.25 8.75 6.28 5.91 681 6.28 627 652 6.01 

6.28 6.21 15.41 6.41 6.29 6.49 G.28 G.28 621 

6.32 6.31 6.21 0.12 6.21 6.23 6.81 6.48 6.49 
6.18 6.87 G.GI 

Average 6.32 Average 6.36 .4verage G.40 

Isomitra- 
phylline 

- 

5.28 5.12 5.28 5.12 4.89 4.92 J.21 5.32 J.d[I 

5,18 5.01 5.01 5,x2 4.89 4.92 5.41 4.92 4.81 
S,OI 4.92 4.28 5.81 5.21 5.~2 4.82 5.21 5.41 

4.98 5.12 5.89 
Average 5.01 Average 5. I 7 .~VC?lYL~e 5.24 

% alkaloid found aged % coeflcierzt of variation 
-_ 
A lkaloid U. V. spectvophotometry Colorimehy .Dens~itometvy 

% alkaloid o/0 coe& % yO coefl- % % coefi- 
cient of alkaloid cient of CdkUZOid cit3zt of 
variation variation vcwialz’olz 

Mitraphylline 0.003 3.02 0.06‘~ 5.32 0,064 3.G6 
Isomitraphylline 0.050 4.36 0.052 I.98 0:052 6.67 

I;EAVES 

A Zkaloid Amount (mg) in ro g leaves 

U. V. specfro- CoZorz’metqJ 
photometry 

Den.sitome&y 

Mitraphylline 9.25 9.05 9.02 8.92 9.05 9.28 9.58 9.41 9.82 
9.38 9.18 9.01 8.92 9.12 9.40 8.92 8.81 9.28 
9.01 9.29 9.41 8.95 8.92 9.42 9.21 9.21 9.41 
9.32 9.41 9.29 
Average Q . I g Average g. I 4 Average 9.29 

Isomitr’a- 7.29 7.12 7.42 7.01 6.92 7.41 G.ga 7.48 7.48 
phylline 7.81 7.29 7.39 7.41 7.29 7.48 6.99 7.18 7.81 

7.49 7.49 7.21 7.44 7.52 7.28 7.58 7.28 7.92 
7.33 7.88 7.28 
Average 7.38 Avcragc 7.36 Average 7.39 

y0 alkaloid found and % coeB&ent of variat,ion 

A Zkaloid U. V. S~ectvofikoto~metry 

o/, alkaloid % coe;oi- 
cient of 
vwiation 

Mitraphylline 0.092 1.80 

Isomitra- 
phylline 0.074 4.32 

Calorimetry Dens.itomeWy 

0 h oh coefl& % % coeflh 
alkaloid cient of alkaloid cient of 

variat,ion vtwiation 

0.09 I 1.72 0.093 4.42 

0.074 3.46 0.074 4.75 
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TABLE III : i 

DETERMINATION OF THE IDENTIBIED OXINDOLE ALKALOIDS IN LEAVES OF ~itra&ynu rotundifo,?ia 
FROM BURMA 

Five alkaloids present. 

A lkaloid Amount (nzg) in 10 6 

U. V. spectro- Colorimebry 
photometry 

Den&tome&y 

Rhynchophylline 8.21 8.29 8.41 8.21 7.81 8.21 8.10 7,go 7.92 
7.81 7.92 8.23 7.91 7.92 8.18 8.41 8.51 8.61 
7.99 8.21 8.42 7.81 8.41 8.28 8.21 8.01 8.29 
8.38 8,81 8.92 

Average 8. Ig Average 8.16 Average 8. zg 

Isorl~yncl~opl~ylline 25.61 24.21 23.81 2g.91 22.21 22.91 
23.G1 23.81 24.14 25.21 23.81 22.91 
22.91 25.02 25.12 26.12 24.17 24.18 
25.21 22.01 

Average .24.35 Average 24.00 

Mitraphyllinc 4.28 4.71 4.21 4.65 4.09 4.19 4.09 4.08 4.81, 
4.18 4.42 4.53, 4.45 4.45 4.39 4.28 4.28 4.42 
4.62 4.38 4.28 4.52 4.38 4.32 4.39 4.32 4.52 
4.39 4.32 4,62 

Average 4.39 Average ‘4.38 Average 4.38 

Isomitraphylline 4.52 4.28. 4.62 
4.1’9 4.12 4.jo 

4.21 4.08 4.68 
4.71 4.21, 4.72. 

4.48 4.42 4.28. 4.41 4.91 4.19 
4.28 4.06 

Average 4.39 Average 4.42 

% ulkaloid found and % coeficient of varz’ation 

Alkaloid _, U. V. s;bectrophotometr_v 

% ulkaloid % coej?- 
cicwat of 
variation 

Colori~metry Densitomehy 

$,aEoid % coe;oi- 21aloid % coei- 
c cielzt of L cient of 

vwiation variation 

Rhynchophylline 0.082 2.56 0.082 3.80 0.083 3.96 
Isorhyncho- ‘. ,., 

phylline 0.24 2.80 2.02 ” Mitraphylline 0.24 0.044 8.10 
Isomitraphylline 

0.044 2.98 0.044 5.12 ‘. 
0,044 4.32 0.044 6.03 

‘,, ’ 
,/ .:a,., 

ASSESSMENT OF THE TMREE METHODS : L: ” 

I. . . ‘_ ~ .. .‘S i.;,. r.t 

“: The .accuracy ,and .reproducibility ,of, the ,results associated (with each method 
depends ,to a considerable’ extent upon ,the behaviour ,of the substances oi-r the. thin, 
layer, ‘though the factors differ ,with.each .of the methods: : .’ :, ,I ” : :I “. .’ 1 ,’ 
,. ‘,, 2, As with :a11 : elution technijues, the accuracy and eproducibility ,of, the rkkults: 

obtained .with ultraviolet spectrophotometric, and .colorimetric methods :depend t& 

J:ChromaCog.;35 (1968) .72-8ci 



,” 
‘. ‘, ,,‘. 

‘: ~4lRaJo@~ ,,’ ,‘, ,‘, )‘i ::’ 
‘., 

,;, .“,’ .,*,: ., 
8’ ” .‘. Ui’i!i: ijaeitko-:., “1 :‘CoEbrimetrp Dens&ne~ry 

., ‘. ,’ 
.’ 

~?h’&o~etr$ : ” ,, ‘, 

*.. : : (, 
tiyrklidphylli~e 
,,: : 

., 3;25 .3.6g '3.31 241, 3.14 .3:21 f.-‘3.01 3.35.3.48 
:3’:00 3.oi,‘3:og ‘3.41’ 3.09 ,‘3.08 .:3.48 3:4g ,3,87 
3.15 3q.2 3._5g ,“3.og,‘a,gg ,3:48 .‘,3.91’3.81 a.92 : 

,,3.og ,.. ;’ : 
,’ .’ 

.’ 1 I. A~xag~,;3.20 

3.2~: “. -., F.90 

AC+& 3.16 Average 3.33 
. ,. 

Is&hy~chophyllin~,‘. 12,;81 ii.cj1’11.28 .;,1o.g1 11.21 12.9I ., 
; .,. II;OI i1’.07 12.82 11.81 11.91 11.81 

,, 5 .‘, 16.99 1”_‘.52 1’1.31 
,i 11.8~1,,. ‘,, 

.11.og q?.og'I2.07' 

:‘. 
.“, 

’ “’ ‘A&age ,;I 1 .ga 

12.21, 

,’ ,, ,: 
Av$ra$D I 1..8d 

‘,, 
; :, M$iaphyliiix (‘, :, ii88;&28 ~.ir’.:’ 1.41 1.28’. 1.2,1 :1.52. 1;52.: I.88 : ,-,’ 

,‘,‘, ;‘: ..“.,. (, 
I,..: _.:_ 

,,.T’ ., ‘i.51’: 1;28’ 1:30. .,, 1 ~;:a ?;ir’ 1.5.2:’ 1.21 1.88. s:4g .’ 
. ,’ ,,. ,1.52,. 1:25. 1.26, ,1;21 ,1;2g 1i.19. I -1,.8.1.1.6,8. 1.32 

‘,,$ ..‘, ,,,.: ..,. I. ,: :,’ ., N’, ;, ,, +~I” ,:,; ,’ ’ 1.19 ,: “.. : ;1.23’, 
I,., . : ,‘, .,: ., ” 

,( ., :. (I ‘. ; ,.., “I ‘,,, 
,, : . ,. ;, .,I.“, 

” :. . .: 
: y..,, I, 

,, : ,,; 
, ‘, l&+eragc ~.36 ‘Average 1.29 Ayerage 1.50 
..:‘, ,.:, 

, ,‘.‘,, ,: ,,‘, ,: :-, 
~I~o~itraph~llin~,-;.‘~j.25~.~,j.22~~j;18 : ,‘. 

” 
“’ “,. $.~r i~.s;,, 3;21 

‘I 
: I. (. : ,, I,., 

‘. ; 
‘. /,“, 

. . 3.5’r 3:5+:,.‘3,,as:’ ” ,’ 
,, : ‘. ., ,( 

3.09 3~03 3’.88,, 
‘. ,I’ ,.‘.,’ 

3.2i ,3.70, 3.09 3.61. 3.21: 3.j1 
A’ .‘.“, ,,,’ ..,,‘, ..‘,,. ., ,.I .3.08 : ‘;’ :: ; : 

.‘, 
: 3.89, .’ .’ _, . . 
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TABLE V 

DETERMINATiON OF THE IDENTIFIED OXINDOLEALlCALOIDS IN THE LEAVES OF ~ihZ&‘WZ 

PROM GHANA 1 
Eleven allcnloids present. 

U. V. spectvo- 
$?zotometry 

Colorimetvy Densitomeby 

Rhynchdphyllinc 

Isorhynchophylline 

Rotundifoline 

Isorotunclifolinc 

3.‘28 
3.29 
3.68 
3.29 

3.58 3.62 
3.18 ‘3.69 
3.41 3.12 

Average 3.4. I 

12.52 12.02 x1.91 
11.72 II.59 II.79 
12.41 11.81 12.61 
X2.01 

Average 12.07 

5.29 6.01 5.34 
5,48 5.28 ~.GI 
5.61 5.71 5.72 
5.49 

Average 5.55 

5.71 -5.21 5.29 
5.61 5.91 5.21 
5.21 5.29 5.41 

5.51 

Aver&e 5.44 

I ,g2 2.2'1 I.92 
I.95 2.31 2.01 
2.21 2.09 2.19 
a*21 

I.97 I.92 2.29 2.87 2.81 2.84 
2.01 2.21' 2.31 2.41 2.91 I.92 
I.92 I.91 I.99 1.99 r.gg 2.87 
2.01 2.81 

Average 2.10 Average 2.05 Average 2.39 

3.08 3.68 3.28 ‘3.81 3.38 3.62 
3.29 3.29 3.68 3.21 3.42 4.28 
3.12 3.19 3.62 3.82 3.81 4.62 
3.19 3.68 , 

Average 3.34 Average 3.8 I 

12.01 12.4111.72 
II.69 12.2g12.g1 
rr.gr II.92 12.94 
12.78 

Average 12.26 

yO alkaloid found and Oh coeflcient of vaGation 

79 

: . 

znirmis 

‘, 

A Zkaloid U. V. spectvo;bJr+~et~y 1 Colori~metvy 

y. alkaloid o/o coefl- o/o yO coefii- 
cient of alkaloid cielzt of 
variatiogz variation 

Densitomehy 

% aloid c’ 
zeze-$ 

tiariation 

Rhynchophylline ‘. 0,068 6.25 ‘0.067 6.98 0.076 10.52 
Isorhy,nchophyl- 

line 0,24 0.94 0.25 1.13 
Rotundifoline 0.11 1.82 0.11 1.51 
Isorotundifolinc 0,042 6.8 0.041 7.57 0.088 X5.92 

I,., 

different ,spectra it. may be’.‘possjble, to determine, the amount -of each .Ijresent by 
measuring the absorbance at two suitable wavelengths, and making the necessary 
cal$ulation. Indeed; ‘differential sjxctrophotometry has ‘been, applied- as described ,in 
Part. I .to estimate the amount of alkaloids present when complete separation.of several: 
alkaloids c,annot be: achieved; : ‘,: .;. I. ~ : ‘,, ‘. :: ‘.‘; i I, 

: .With :regard to xxtractable impurities, this is a more significant, problem, with 

J: Chromatog.,: 35. (x968) 72182 
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the ultraviolet spectrophotometric method than with the calorimetric method since 
most of the impurities absorb light in the ultraviolet wave band rather than in the 
visible region. 

The extent to which the impurities occur depends upon the nature of the ad- 
sorbent, the thickness of the layer and position of the layer from which the impurities ,*. 
are extracted so that care must be taken to extract an equal area of the adsorbent 
layer from the same plate and at the same Rp value as the substances concerned in 
order to compensate for the impurities in the solution containing the substances. These 
precautions are not so essential with the calorimetric method since the evidence shows 
that variation in the absorption due to impurities extracted from,different plates or 
from different positions on the same plate are insignificant. 

Problems associated with elution do not affect the densitometric method and 
this gives certain advantages to this method in as much as it is an extremely simple 
and quick method. Further, incomplete separation of the substances is not a major 
disadvantage since the scanning can be made in a direction which is perpendicular to 
the line of development or it may be possible to complete the curves by geometric 
methods. 

A major factor of importance with densitometry however, is the shape, position 
and size of the spots, a factor which has no significance for the two elution techniques. 
The shape, position and size of the spots depend upon the nature of the adsorbent, the 
thickness of the layer, the solvent system and upon the shape and size of the initial 
application. Thus with the densitometric fiethod the choice of the chromatographic 
system is limited and considerable care must be taken to ensure that each initial 
application is of constant size’and shape ‘and this calls for some skill on the part of the 
operator. 

The elution techniques have an advantage over the densitonzetric method in as 
much as the latter required larger loads for quantitation, whereas by using larger cells 
with the ultraviolet spectrophotometric method and calorimetric method, much 
smaller quantities can be used. 

As far as. accuracy of results are concerned there is no significant difference 
between those obtained by the three methods, though it must be said that ultraviolet 
spectrophotometry is the most accurate and the densitometry method the least 
accurate. The percentage of coeficient of variation of the ultraviolet spectrophoto- 
metric results is much smaller than that of the colornnetric results while that of the 
densitometric results are the highest. This means that in practice, more determinations 
,must be made by the densitometric method in order to be certain of obtaining satis- 
factory results. 

These facts are not altogether surprising when consideration is given to the 
actual techniques involved. With the ultraviolet spectrophotometric technique, the 
major source of variation is the elution technique i.e. the method of removal of the 
adsorbent from the plate and the choice of the solvent, This is a physical operation 
and as such can. be adequately controlled. Provided that the entire procedure is carried. 
out .,with ,the’ reasonable: care necessary for analytical work, there. should .be; little: 
variation in the results obtained, With colorimetry,there’are, .in addition to the elution 
procedure,:‘chemical reactions,which depend upon the concentration and the quantity 
of the.reagent and the time and temperature necessary for the:reaction to,proceed, to 
completion; Although it is possible to standardise the. experimental conditions, it is 

J.- ChroFalog., 35 (1968) ,72-82 
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not possible to control them entirely, so that some variation in the result ‘must be 
expected. With densitometry no elution ‘is involved ,and only one chemical reaction 
takes place. However, the fact that there is no elution of the colour complexes, means 
that the amount of substance present is not determined in solution but by measuring 
the amount of light absorbed by the substance adsorbed on a solid phase. This adds 
considerably to the likely variations. The factors have already been discussed in 
relation to the behaviour of the incident light when it strikes‘the adsorbent and ad- 
sorbed colour complex. The most important factors’are’ thickness,of the layer,’ method 
of scanning, size, shape and position of the spots and’also the particle characteristics 
of the adsorbent so that the thin-layer chromatogram plays a major role in the actual 
determination of the amount of substance present. This is not so with the other two 
methods. Although it is possible to standardise the experimental conditions, they are 
less easy to control so that considering all the possible sources of error it is remarkable 
that this method gives such accurate and reproducible results. 

With ultraviolet spectrophotometry only one calibration is necessary for each 
alkaloid in order to calculate amounts of alkaloids present. The calibration curves are 
quite independent of TLC methods used for the separation of the alkaloids. This is 
almost true with the calorimetric method but different calibration curves are necessary 
with different adsorbents. Some advantage accounts from this in as much as the results 
are independent of the solvent systems used or the distance travelled by the solvent 
front. With the densitometric method any change in the chroniatographic system 
requires the preparation of a different calibration curve. Calibration curves can be 
used with all the three methods but with the calorimetric method and certainly with 
the densitometric method, due to high o/O coefficient of variation, it is better to use 
the regression line analysis data- in fact with the latter method it is essential to use 
this means of calculating the results. 

These methods have been applied to the analysis of the oxindole alkaloids 
content of five Mitragyna plant materials. The plant material was selected because 
all six alkaloids were involved, some of them being associated with many other alka- 
loids, some of them in mixtures which could be easily separated by TLC and some of 
them which could not be separated satisfactorily either from each other or from other 
alkaloids which might be present. It will be seen that as the number of alkaloids present 
in the plant material increases the results obtained by the three methods become less 
consistent and the o/o coefficient of variation increases. The increased value of the o/o 
coefEcient of variation is more marked with the densitometric method and this can 
only be explained by the fact that since this method depends so much on the nature of 
the alkaloidal spot the presence of other alkaloids may have caused some distortion 
in the shape, size and RI;~ value. The choice of method to be employed for the analysis 
of plant material must depend on many factors not the least important being the 
complexity of the mixture. With mixtures of four components which can easily be 
separated by TLC there is little to choose between the three ‘methods, provided the 
limitations of each-method are known. 
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