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From the seeds of Haplophyllum perforatum (M. B.) Kar. et Kir. ,  family Rutaceae, S. Yu Yunusov et a l .  have 
isolated the alkaloids haplophyll idine [1], perforine [2], haploper ine ,  and haplopine [3], which possess tranquil l izing,  
narcotic,  and antispasmodic properties [4]. 

The present communicat ion gives the methods for the quanti tat ive determinat ion of these alkaloids in pure 
samples and plant raw mater ia ls .  Without dwelling in detai l  on the procedure [5], we give only the characterist ics 
of the capi l lar ies  which we used: for capi l la ry  No. I at hHg = 55 cm, m = 2.175 mg.sec  -1, t = 1 .0  sec in 1 N KC1, 
m ~/3, t I/6 = 1.884 mg~/S, s e c - 1 / s ;  for No. 2 at hHg = 60 era, m = 0.19 r ag . see - l ,  t = 8 .0  sec in I N HC1 without 
polar izat ion and t = 2 .0  sec at a polar izat ion of 2.5 V; m ~/3, t l /6 = 0.482 mg ~/3.sec - l / s  . For this purpose we used 
an e lectrolyzer  with an internal anode. The mercury on the bottom served as the comparison electrode.  The t e m -  
perature of the determinat ion was 25 ~ 0.5" C. 
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Fig. 1. Influence of pH on the mag-  
nitude of the l imi t ing  current of hap-  
loperine and haplopine in Britton- 
Robinson buffer solutions (C = 2.50 

m M / l  in 50% ethanol; S = 1/50). 

The polarography was carried out in Britton-Robinson buffer 
solutions [6] and a 0.1 N solution of(C~Hs)aNOH in 80% ethanol.  
The substances under investigation were dissolved in 96% ethanol 
and, for polarography, the solutions were mixed with the buffer in 
a 1:1 ratio.  The resulting values of the pH were measured after 
polarography on a LP-58 pH m e t e r .  Under these conditions, no 
polarographic waves were found for haplophyl l idine and perforine 
in the range of pH values from 2 to 12; haploperine and haplopine 
formed a wave with a characterist ic  curved maximum instead of  
l imit ing current pla teau (Fig. 1). 

The shape of the wave, the dependence of the height of the 
maximum on the pH of the solution, and its rise when the capac i ty  
of the buffer was increased at constant pH give grounds for assuming 
that  the polarographic wave of both alkaloids is connected with the 
ca ta ly t ic  evolution of  hydrogen at the cathode.  The process is a c -  
companied by the adsorption of the catalyst  on the surface of the 
electrode.  This is shown by the nature of the "current intensity 
versus concentration" curve. The l imi t ing  current rises in propor-  
tion to the height of the mercury column hHg. The role of catalysts 
may be fulfi l led by the alkaloids themselves, in part icular  the N- 
containing functional groups [7 ]. 

Table  1 

Polarographic Characterist ics of Haplophyll idine and Perforine in 0.1 N (C2Hs)4NOH 
in 80% Ethanol 

Haplophyll idin e [ P erforine - 

C, mM/l  gl/2,V ] C, mM/l  zaj2, V 

10.14 
5,07 
3.17 
2.53 
1,90 
1,27 
0.64 
0,32 
0.16 

id ,  pA K=~----~ d 

20.07 198 
10.31 2.03 
6.13 1.92 
5.11 2,02 
3.87 2.03 
2.59 2,04 
1 . 2 2  1,9(t 
0.58 .81 
0,27 1.69 

- 2 . 2 5  
- 2 , 2 3  
--2,23 
--2.24 
--2.22 
--2.22 
-212o 
- -2 ,19 
--2.18 

10.12 
5,00 
3.00 
2.53 
2.00 
1.26 
0,63 
0,32 
0,16 

ld ,  pA K = - - ~  

20.06 1,98 
10,10 2.02 
5.72 1.91 
5,02 1.98 
3,88 t .94 
2.51 1 99 
1.20 1" .90 
0.59 1 84 
0.26 1' .62 

- -2 .26 
- -2 .26 
--2,25 
- -2 .24  
-2.22 

- -2 .21  
2 .20  

--2.19 
--2.17 
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In view of this, we considered it impossible to use the buffers mentioned for analyt ica l  purposes, par t icular ly  for 
the analysis of extracts,  and therefore selected 0.1 N (C2Hs)4NOH in 80% ethanol as the background. In this medium,  
al l  four alkaloids form clear  waves whose height is proportional to hi../2. The ha l f -wave  potentials of the alkaloids are ng 
as follows: for haploperine - 1.85 V; for haplopine - 2.05 V; for haplophyl l idine - 2.25 V; and for perforine - 2 . 2 5  V 
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Fig. 2. Polar izat ion curves: 1) Tota l  alkaloids from 
the seeds of H. perforatum in 0.1 N (C~Hs)4NOH in 
80% ethanol; 2) model  mixture of alkaloids;  

3) background. 

Table  2 

Characteristics of  the Degree of 
Desorption of Haplophyll idine in 

Elution 

Added J Found 

4.03 
4.03 
4.03 
3.99 
5.40 

mg 

3.91 
3.98 
3.81 
3.76 
5.24 

Relat ive 
er ror ,  %0 

3.00 
--1.24 
--5.43 

5.80 
- -2 .96  

To obtain wel l -def ined  waves o f  hap lophyl l i -  
dine and perforine, which are reduced in the region 
of large negat ive potentials ,  we used the slow drop- 
ping capi l la ry  No. 2 [8]. The polarographic behav-  
ior of haplophyl l idine and perforine are s imilar  
(Tab le  1), and therefore in mixtures it is possible 
to determine only their sum. As can be seen from 

the table,  fbr both alkaloids within the range of concentrations from 0.5 to 10 raM~l, the  diffusion current is pro-  
portions1 tc the concentration; the coeff ic ient  of proportionali ty is 2 g A / m M . l .  

Under analogous conditions and in the same range of concentrat ion,  for haploperine K was found to be 6 .88  and 
for haplopine 6.87 p A / m M / l .  However, as we have reported previously [5], at an a lkaloid  concentrat ion greater 
than 3 mM,/l, a max imum appears in the polarographic wave. It is easi ly e l imina ted  by gela t in ,  but in prac t ica l  
work it is better to use solutions with alkaloid concentrations of less than 3 m M / l  ( 0 . 2 - 1 . 0  m g / m l ) .  In this case, 
a l l  the determinat ions can be carried out with capi l lar ies  of the usual type at t = 2 - 4  sec. 

Table  3 

Results of  Analyses of Model Mixtures of Alkaloids 

Relat ive 
error, % 

The ~:otal bases were isolated by petroleum ether (or 
gasoline) extract ion of the seeds of  H. perforatum which 
had not been t reated with ammonia  in order to obtain the 
bulk of  the haplophyl l id ine  [1] and by chloroform extract ion 
of the  delay:ted seeds to obtain the other alkaloids [2]. In 
the a lcohol ic  solution of the to ta l  alkaloids in a background 
of  0.1 N (C2Hs)aNOH, the alkaloids haploper ine ( l s t  wave), 
haplopine (2rid wave), and haplophyl l id ine  and perforine 
combined [3rd wave) were de tec ted  and quant i ta t ively  es- 
t ima ted  by the standard solutions method or the addi t ive 
method [9 ] (F ig .  2). 

We used th in - l ayer  chromatography [10] to separate 
the haplophyl l id ine  and the perforine,  0 . 8 - 1 . 0  ml of an 
a lcohol ic  solution of the  to ta l  alkaloids containing 10-15 
rag/m1 was chromatographed on a nonfixed layer  of a lumina  
(Brockmann grade II) about 1 mm thick in the b e n z e n e -  
ethanol ( 9 .5 :0 .5 )  system. The  dimensions of the plates 
were 13 x 18 cm.  A control  sample  and a reference 

Alkaloids Mixture No. [ Added [ Found 

Haploperine 
Haplopine 

1 Haplophyl l idine 
' Performe 

f Haploperine 
/ Haplopine 

2 ] HaR1o]?hyllidin e 
[ Performe 

Haploperine 
Haplopine 

3 Haplophyll idine 
Perfonne 

m g / m l  

0.23 
0,32 
1.22 
0,40 

0.27 
0.40 
0.53 
0.27 

0.49 
0.23 
0.85 
0.53 

0.22 
0.3t  
1,15 
0.38 

0.28 
0.38 
0,56 
0.28 

0.47 
0,22 
0.90 
O,56 

+ 4 , 5  
q-3,2 
+6 .1  
-+5.3 

- - 3 . 5  
4-5.3 
- -5 .3  
- -3 .5  

+ 4 . 3  
4-4.5 
- -5 .5  
- -5 ,3  

sample  (pure mater ia l )  were applied to the same p la te .  The control p la te  was t rea ted  with iodine vapors after ch roma-  
tography. We found the following Rf values for haploperine,  haplopine,  perforine,  and haplophyl l id ine:  0 .12,  0 .16,  
0.19,  and 0.52,  respect ively ,  and then by elution in a column with ethanol (20 -25  ml) the haplophyl l id ine  was sepa-  
rated from the other three alkaloids combined.  The e lua te  containing the haplophyl l id ine  was concentrated,  the back-  
ground solution was added to a to ta l  volume of 6 - 7  ml ,  and the amount of haplophyl l id ine  was de termined polarograph-  
i c a l l y  by the add i t ive  method.  As the  to ta l  amount of  haplophyl l id ine  and perforine was known, the  amount  of perforine 
was ca lcu la ted  by difference.  
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Mixture 
No. 

Table 4 

Results of the Analyses of the Total Alkaloids with the Addition of Crystalline Samples 

added 
loids taken, I Crystalline samples mg I 

Haploperine 
I-Iaplopine 
Haplophyllidine ,- perforine 

0.88 
0.54 
0.82 

0.92 1,37 
0 3 5  0,76 
0.80 4.47 

0.26 0.62 
0.24 0.58 
0.78 3.78 

1 4.93 

2 6.13 Haploperine 
Haplopine 
Haplophyllidine + perforine 

Haploperine 
3 5.00 Haplopine 

Haplopbyllidine + perforine 

Note: The composition of the total alkaloids was: haploperine 7.28%, haplopine 6.73%, 
combined haplophyllidine and perforine 59.92%. 

Alkaloids, mg 

total found 
amount 

1,24 
O. 87 O, 82 
2.59 2.48 

1.34 
O, 79 
4,37 

0.65 
0.54 
3.70 

Relative 
error, % 

--2.42 
--5.75 
4.24 

--2.18; 
4-4.00 

2.24 

4-4.84 
--7.00 
- -2 .15 

The completeness of the extraction of the haplophyllidine in the process of the chromatographic separation of the 
alkaloids was shown with model preparations (Table 2). The method of the chromatopolarographie analysis of the total 
alkaloids was checked on model mixtures of them (Table  3) and on the total alkaloids extracted from the seeds with the 
addition of crystalline samples of the individual alkaloids (Table 4). The resuIts of the analyses of a number of extracts 
are given in Table 5. 

Table 5 

Results of the Analyses of the Total Alkaloids from the Seeds of H. perforatum 

Content, % 

haplophyl- 
Extracts l idine and haplophyl- 

haploperine haplopine perforine l idine perforine 
combined 

Petroleum ether 
Gasoline 
Chloroform 

7.28 673  
6.38 
6.63 19.27 

59.92 
66.02 
30.91 

48.40 
54.25 

9.45 

11.52 
11.77 
21.46 

Summary 

1. The polarographic behavior of haploperine, haplopine, haplophyllidine, and perforine in Britton-Robinson 
buffer solutions and in (C2Hs)4NOH solutions has been studied. Optimum conditions for their quantitative determination 
in solutions within the range of concentrations from 5 x 10 -4 to 1 x 10 -2 M have been found. 

2 A method for the separate quanti tat ive determination of the alkaloids in the seeds of H. perforatum has been 

developed. 
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