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ABSTRACT

Retention of selected alkaloids on polar bonded stationary phases such as

diol-, NH2-silica in normal-phase systems and diol-, CN-silica in reversed

phase systems is determined by use of HPLC. Mixtures of 2-propanol and

n-heptane are used as non-aqueous eluents; aqueous buffered (at pH

about 8) solutions of methanol or acetonitrile were used in RP systems.

Obtained results are presented graphically as retention—eluent com-

position relationships, as log k vs. log k correlation diagrams, and by

chromatographic spectrum. The selectivity of separation in NP and RP

systems has been discussed. In RP systems, retention on diol and

CN-phases is compared with the results obtained on C18 and silica phases.
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The most selective systems for the separation of particular groups of

alkaloids are chosen.

Key Words: Polar bonded stationary phases; Alkaloids; Selectivity;

RP systems; NP systems; HPLC; Retention behaviour.

INTRODUCTION

Heterocyclic bases, as pharmacologically active compounds, widely used

as pharmaceuticals and synthesised as secondary metabolites in plants, are the

subject of scientific interests. Therefore, it is necessary to analyse these

organic electrolytes.

Since heterocyclic bases appear in solutions as ionised and unionised

forms, they are difficult subject of chromatographic separation. Polar

adsorbents, especially silica, are widely used for the separation of alkaloids

and basic drugs mainly by TLC and HPTLC techniques. Because of strong

interactions of basic nitrogen with surface silanols, solvents with high

eluent strength are used as mobile phases, i.e., mixtures of highly polar

solvents, including alcohols (MeOH, EtOH) and aqueous ammonia solution,

or ethylenediamine as ionisation suppressing agents.[1 – 12] However, in most

cases the addition of toxic solvents as chloroform, benzene, toluene is

necessary.[4 – 10,12] Thin layer chromatography is mostly used for qualitative

analysis of extracts or fractions from preparative processes,[4 – 8] more rarely

for quantitative determination.[10,12]

RP-HPLC, using eluents as buffered aqueous organic modifiers, is the

method recommended for screening of plant material, where chromone,[1]

polhydroxy,[2] cinchona,[3] and other[13 – 17] alkaloids are present. However,

ionic samples, especially basic compounds, can interact with underivatised

free silanols of silica-based alkyl bonded columns. It appears that retention

occurs by an ion-exchange process that involves protonated bases and

ionised silanols. This case leads to increased retention, band tailing, and

column-to-column irreproducibility. It is generally desirable to minimise

this silanol effect by using a higher buffer concentration, or by incorporation

of amines into mobile phases.[12,18 – 20] If the RPC method development is

unable to provide an adequate separation due to poor band spacing, anionic

pairing reagents (sulphonic acids, alkyl sulphonates) are employed.[21 – 26]

However, IP systems are difficult for application in routine analysis, because

of slow column equilibration and appearance of artifactual peaks.

The aim of this paper is the search of simplified procedures for the

separation of selected alkaloids by HPLC. For this purpose, the selectivity

of separation of some isoquinolines and other alkaloids in various
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chromatographic systems was analysed. Sorbents with polar bonded stationary

phases, such as diol-silica and aminopropyl-silica with non-aqueous eluents,

and diol-silica and cyanopropyl-silica with aqueous eluents, were applied.

Comparative selectivity of separation in reversed-phase on silica columns,

and on C-18 columns was examined. In the analysis of alkaloids in plant

extracts, the use of polar bonded stationary phases is rarely reported; CN-silica

in reversed-phase systems by HPLC[26,27] and NH2-silica in normal-phase

systems by OPLC has been earlier quoted.[28]

EXPERIMENTAL

The analysis was carried out using liquid chromatograph LC-10 ATVP

Shimadzu equipped with a column, UV-VIS SPD-10AVVP Shimadzu

detector, and Rheodyne 20mL injector. The following columns were used

in the experiments: SUPELCOSILTM LC-18 150 � 4.6 mm2, dp ¼ 5mm;

SUPELCOSILTM LC-CN 150 � 4.6 mm2, dp ¼ 5mm; SUPELCOSILTM

LC-NH2 150 � 4.6 mm2, dp ¼ 5mm; SUPELCOSILTM LC-DIOL 250 �

4.6 mm2, dp ¼ 5mm; and SUPELCOSILTM LC-SI 150 � 4.6 mm2, dp ¼

5mm, purchased from Supelco (Bellefonte, PA). Peaks were detected

at l ¼ 254 nm. Solvents such as 2-propanol, n-heptane, methanol,

acetonitrile of grade for chromatography, were purchased from E. Merck

(Darmstadt, Germany). The pH of phosphate buffers used in experiments in

0.01 M L21 concentrations, were measured in aqueous solutions. Standards

of alkaloids purchased from Sigma–Aldrich (Poznań, Poland) are listed in

Table 1.

RESULTS AND DISCUSSION

In the normal-phase system, alkaloids were chromatographed on amino-

propyl and diol phases by use of 2-propanol–n-heptane mixtures as eluents.

Alkaloids were strongly retained on polar bonded stationary phases’ surfaces

and need mobile phases with high eluent strength. The results obtained

for solutes on aminopropyl phases are presented in Figs. 1(A) and (B), as

retention–modifier concentration (log k vs. f) relationships. The retention of

alkaloids can be decreased several times by the change of modifier concen-

tration from 40% to 80%. Moreover, the change of mobile phase concentration

changes the selectivity of separation. For example, isoquinoline alkaloids,

such as santonine, protopine, and boldine (Sa, Pr, B) eluted almost together

when 80% 2-propanol in n-heptane as eluent was used, are better separated

when lower concentration of modifier (40% or 60%) was applied. Whereas,
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Table 1. List of investigated alkaloids.

Abbreviation

Name of

alkaloid Chemical structure pKa

Be Berberine .10

B Boldine 6.62

Chld Chelidonine .10

G Glaucine 6.4

Nc Narceine 9.3

(continued )
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Table 1. Continued.

Abbreviation

Name of

alkaloid Chemical structure pKa

N Narcotine 7.8

P Papaverine 8.07

Pa Paracodine —

Pr Protopine 8.28

Br Brucine 8.28

Q Quinine I ¼ 5.1

II ¼ 9.7

(continued )
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Table 1. Continued.

Abbreviation

Name of

alkaloid Chemical structure pKa

E Ephedrine 9.96

Y Yohimbine 6.7

Caf Caffeine 14

Co Colchicine 12.35

L Lobeline 8.03

Sa Santonine —

St Strychnine 8.26

(continued )
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Table 1. Continued.

Abbreviation

Name of

alkaloid Chemical structure pKa

C Cinchonine 6.8

At Atropine 11.7

Tb Theobromine 13.3

A Aconitine 7.5

T Theophylline 8.77
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Figure 1. (A and B) Plots of log k vs. volume fraction of 2-propanol (f) obtained for

investigated alkaloids in system: NH2-silica/2-propanol–n-heptane. Abbreviations,

see Table 1.

(continued)

Waksmundzka-Hajnos and Petruczynik2254

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



papaverine, protopine, and glaucine (P, Pr, G) eluted together at

lower concentration of modifier in n-heptane are better separated when 80%

of 2-propanol in n-heptane was used. Similar conclusions can be drawn

from Fig. 1(B). The change of modifier concentration causes alteration of

retention and selectivity of separation—the changes in the sequence of

elution can be observed.

Figure 1. Continued.
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Clearer changes in separation selectivity can be still obtained by the

change of stationary phase. Figure 2 presents a correlation diagram of reten-

tion factors (log k values) obtained on aminopropyl and diol phases by use

of 2-propanol þ n-heptane mixtures as mobile phases. The points are strongly

dispersed, which indicates the differences in separation selectivity. For

example, the group of alkaloids containing dionine, brucine, strychnine, theo-

bromine, cinchonine, and theophylline (D, Br, St, Tb, C, T) eluted in narrow

range on diol-silica, are sufficiently well separated on the aminopropyl

phase. Similar observations can be noticed for quinine, caffeine, boldine,

Figure 2. Correlations between log k values of alkaloids on NH2-silica and diol

columns; mobile phase: 2-propanol–n-heptane 60% and 80%, respectively. Abbrevi-

ations, see Table 1.
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aconitine, and santonine (Q, Caf, B, A, Pr, Sa), which are better separated on

the aminopropyl phase. Contemporaneously, there is a group of alkaloids:

cinchonine, glaucine, aconitine, papaverine (C, G, A, P), or theophylline,

santonine, and chelidonine (T, Sa, Chld), which are eluted in narrow range

on the aminopropyl phase, but are sufficiently well separated on diol-silica.

A cyanopropyl phase cannot be used for the separation of alkaloids in

normal- phase systems because of strong retention of these compounds on

its surface.

Polar bonded stationary phases can also be applied for the separation of

alkaloids in reversed phase systems. Figures 3(A) and (B) present retention–

modifier concentration relationships, obtained for investigated alkaloids on

diol phases eluted with buffered (at pH 7.85) aqueous solutions of metha-

nol. It is clearly seen, that relationships log k vs. f are, in most cases,

linear. By the change of methanol concentration in aqueous eluent, reten-

tion coefficients (k) can be adjusted to the optimal range. In some cases,

changes in separation selectivity by the change of eluent concentration

can be noticed. For example, narceine and santonine (Nc, Sa) or narcotine

and papaverine (N, P), eluted almost together by use of 20% methanol in

water, are better separated when 50% methanol in water (buffered at pH

7.58) is used. Whereas, aconitine, yohimbine, and paracodine (A, Y, Pa),

eluted together at higher modifier concentrations, are sufficiently well sep-

arated when lower concentrations of methanol in aqueous mobile phases are

used. In a few cases, variation of elution order by change of modifier con-

centration can be observed [see Figs. 3(A) and (B)]. Similar conclusions

can be drawn from Fig. 4, where retention–modifier concentration relation-

ships for isoquinoline alkaloids chromatographed on cyanopropyl phase in

reversed phase systems are presented. The change in separation selectivity

with the change of acetonitrile concentration can be noticed: for example,

boldine, chelidonine, and santonine (B, Chld, Sa), eluted in narrow range

at 60% aqueous acetonitrile (at pH 7.85), are better separated at lower con-

centrations of modifier.

The selectivity of separation can be distinctly varied by the change of

stationary phase. Figure 5 shows the correlation diagram for investigated alka-

loids eluted with aqueous buffered methanol from diol and C18 stationary

phases. The correlation points are dispersed, which bespeaks differences in

selectivity on diol-silica and C18 stationary phases. For example, strychnine,

quinidine, glaucine, and brucine (St, Q, G, Br), protopine, chelidonine, and

papaverine (Pr, Chld, P), or aconitine, narcotine, narceine (A, N, Nc) eluted

in narrow range on diol phase are sufficiently well separated on C18 phase.

There are however, groups of alkaloids better separated on diol-phase in RP

systems, for example, boldine, papaverine, and narceine (B, P, Nc), brucine,

chelidonine, and narcotine (Br, Chld, N), or glaucine, protopine, and dionine
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Figure 3. (A and B) Plots of log k vs. volume fraction of methanol (f) obtained for

investigated alkaloids in system: diol-silica/methanol–water þ phosphate buffer at pH

7.58. Abbreviations, see Table 1.

(continued)
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Figure 3. Continued.
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(G, Pr, D) are better separated on the diol stationary phase. A similar correla-

tion diagram presents selectivity differences on cyanopropyl and C18 phases

for investigated compounds when acetonitrile aqueous buffered mobile phases

were used. In this case, CN-silica seems to be most selective: strychnine,

Figure 4. Plots of log k vs. volume fraction of acetonitrile (f) obtained for investi-

gated alkaloids in system: CN-silica/acetonitrile–water þ phosphate buffer at pH

7.85. Abbreviations, see Table 1.
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quinidine, dionine, protopine, chelidonine (St, Q, D, Pr, Chld), or glaucine,

yohimbine, aconitine, emetine, colchicine are eluted practically together on

C18, and better separated when CN-silica as stationary phase was used (see

Fig. 6). The changes in separation selectivity in reversed phase systems by

using aqueous buffered methanol eluents and various stationary phases, are

presented in Fig. 7. The differences in separation selectivity are noticeable.

The high separation selectivity on silica in pseudo-reversed phases[29]

should be mentioned.

Figure 8 presents correlation diagrams for retention coefficients obtained

on diol-silica by use of RP (aqueous buffered methanol) and NP (2-propanol þ

Figure 5. Correlations between log k values of alkaloids on diol and C18 columns;

mobile phase: methanol þ water (at pH 7.58), 30% and 70%, respectively. Abbrevi-

ations, see Table 1.

Retention Behaviour of Selected Alkaloids 2261

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



n-heptane) systems. Points are strongly dispersed, which bespeaks selectivity

differences of both systems. The use of aqueous eluents permits the separation

of the following groups: quinine, boldine, aconitine, santonine, and caffeine

(Q, B, Pr, A, Sa, Caf), or strychnine, cynchonine, dionine, theobromine, and

theophylline (St, C, D, Tb, T), which are poorly separated in non-aqueous

systems. However, such alkaloids as theophylline and caffenine (T, Caf),

dionine, protopine, yohimbine, chelidonine (D, Pr, Y. Chld), and cinchonine,

glaucine and quinine (C, G, Q) are better separated on diol phase with

non-aqueous eluent.

Figure 6. Correlations between log k values of alkaloids on CN-silica and C18

columns; mobile phase: acetonitrile þ water (at pH 7.85), 25% and 70%, respectively.

Abbreviations, see Table 1.
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CONCLUSIONS

NH2-silica and diol phases can be used for the separation of alkaloids in

normal-phase systems with the mobile phases of high eluent strength. Reten-

tion and separation selectivity can be regulated by change of modifier (2-pro-

panol) concentration and/or a kind of stationary phase.

Diol and CN-silica can be applied to the separation of alkaloids in

reversed-phase systems with aqueous buffered methanol or acetonitrile

solutions. Retention and separation selectivity can be regulated by the

change of modifier kind and concentration.

Figure 8. Correlations between log k values of alkaloids on diol-silica column;

mobile phases: methanol þ water (at pH 7.58) and 80% iPrOH in n-heptane. Abbrevi-

ations, see Table 1.
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The differences in separation selectivity of alkaloids on polar bonded

stationary phases, C18 and silica, can be applied in scheduling of multidimen-

sional liquid separations.
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