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SUMMARY 

An improved quantitative analysis of d-tubocurarine chloride in the plant 
extract curare is presented_ Gradient high-performance liquid chromatography on a 
hydrophobic stationary phase was found to be very suitable for the analysis of 
quaternary ammonium bases such as the complex mixture of curare alkaloids. Owing 
to the residual free silanol groups on the modified silica surface, the curare alkaloids 
are eluted from a reversed-phase column only if an eIectrolyte is added to the mobile 
phase. 

In order to optimize the separation, the effects of pH, the nature of the cation 
in the buffer and the concentration of the buffer on the retention of the alkaloids were 
investigated. Using a tetramethylammonium phosphate buffer at pH 4 in a gradient 
of water-methanol, undesirable retardation effects on the reversed-phase column 
could be suppressed sufficiently. As a result, an accurate method for the determination 
of d-tubocurarine chloride in curare was obtained_ The coefficient of variation of this 
analysis is only 1.3 %. 

INTRODUCTION 

Chondrodendron tamentosum (Ruiz and Pavon) is one of the menispermaceous 
plants used by South-American Indians for preparing the arrow poison curare’*2. Cu- 
rare is the evaporation residue of the plant extract obtained by cooking the plant pulp 
with water. It is used as a commercial source of the alkaloid d-tubocurarine chlo- 
ride (lr*‘. 

d-Tubocurarine chloride (l), which exerts a muscle-relaxing effect, is useful in 
surgical operations and during shock therapy for certain mental diseases. However, 
because of the narrow safety margin with d-tubocurarine chloride, it is essential that 

* To whom correspondence should be addressed. 
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it should be used in a substaritialIy pure form in order to eliminate the danger of an 
overdose owing to incorrect standardization of the product. 

A quantitative analytical method for d-tubocurarine chloride is therefore of 
great importance. Moreover, it is of interest to gain a better insight into the composi- 
tion of curare itself, and particularly the amount of d-tubocurarine chloride present 
in it. Previously polarimetry and thin-layer chromatography5-’ were applied for the 
quantitative determination of d-tubocurarine chloride in curare. The former method 
is non-specific and, as curare contains several other, closely related, alkaloids that 
also show optical rotation, this method is rather speculative. Thin-layer chromato- 
graphic methods for the separation of curare alkaloids give results with a -poor 
reproducibility; moreover, the quantification is rather cumbersome. 

The low working temperature and the large number of possibilities for adjust- 
ing the selectivity of the phase system combined with high efficiencies make high- 
performance liquid chromatography (HPLC) very suitable for the analysis of the 
thermally labile and complex curare alkaloids. 

Several column liquid chromatographic separations of alkaloids have been 
described’-‘*, but all were related to tertiary alkaloid bases. The absence of methods 
for the liquid chromatographic separation of quaternary alkaloids is caused by the 
very high polarity of these compounds and the limited number of suitable soivents. 

In this study, the five most important curare alkaloids were available as stan- 
dards. The structures of these alkaloids are given below. 

2 HX RI=RJ=HR~=M~ (+-) tubocurarine chloride 
2: 2HX R,=Rz=Rz=H (+-) chondrocurine 
3: R1=HR2=R~=Me (--) curarine 
sf 2HX R,=RZ=Rs=H (--) curine 

4: R=H (++) - isochondrodendrine 

The quaternary curare alkaloids are soluble only in water and very polar 
organic solvents such as methanol, ethanol and acetone and in mixtures of them. 
On the other hand, there is a great difference in the polarities of the various curare 
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Quantitative analysis 
A pre-column was preferred to a clean-up procedure because the former method 

gives no losses of d-tubocurarine chloride and is much less laborious_ At least 50 
samples can be analysed before the pre-column has to be renewed. 

The proportionality of peak area to the amount of d-tubocurarine chloride 
injected was measured in the range 1-9 pg. The calibration graph proved to be linear 
in this range. 

Each run in the quantitative analysis of d-tubocurarine c@oride in curare takes 
about 45 min (including regeneration of the column at the end of the gradient). Fig. 
4 shows the chromatogram of a curare sample. 

By repeated injection of the same curare solution, the coefficient of variation 
of the chromatographic procedure was determined to be 0.3% (n = 6) at a d-tubo- 
curarine chloride level in the curare of 5 %_ The coefficient of variation for the whole 
analysis (including sampling and weighing) was 1.3% (n = 6). 

0 10 . 2b = 3.0 
__t min 

Fig. 4. Gradient HPLC chromatogram of a curare sample. Alkaloids as in Fig. 1. Injection: 2O/.d of 
aqueous solution containing 28 pg of curare. d-Tubccurarine chloride peak corresponds to I.42 @g 
or 5.07% calculated on curare. 

CONCLUSIONS 

(1) Quaternary ammonium bases such as the curare alkaloids can be anaiysed 
on a reversed-phase co!umn. 

(2) In order to prevent undesirable retardation effects (e.g., ion exchange), an 
electrolyte has to be added to the mobiIe phase. 
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(3) The pH of the mobile phase aqee=ts both the retention and the retention 
sequence of the curare alkaloids. 

(4) The nature of the cation in the buffer used affects both the retention and 
the peak performance; the concentration of the cation influences the peak perfor- 
mance. 

(5) Both an accurate and rapid determination of Stubocurarine in the plant 
extract curare is possible. 
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