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A b s t r a c t - - T h e  optimal conditions for the haemolysis of bovine erythrocytes by H202 have been 
established. The parameters were concentration of erythrocytes, H202 concentration, time, and influence 
of the solvent in which the substances tested were dissolved. Some inhibitors of this oxidative haemolysis 
have been employed to serve as model substances for further antihaemolytic investigations with natural 
products. 

Oxidat ion is one of several processes which brings 
about  haemolysis of  erythrocytes.  This can be in- 
hibited by application of  antioxidants like vitamin 
E or  selenium. An  exhaustive search for effective 
ant ihaemolyt ic-ant ioxidat ive  natural and related 
synthetic products  has been the subject of our  recent  
investigation [1]. 

For  this purpose an ideal exper imental  system has 
been established using H202 as a haemolysing agent 
and simple phenols  as model  inhibitors. Al though 
H202 has been used in this context  by other  investi- 
gators [2, 3], no standard me thod  has been  developed 
until now for a routine ant ihaemolyt ic  investigation 
with bovine blood,  which is a more  accessible source 
of erythrocytes.  

MATERIALS AND M E T H O D S  

Citrated bovine blood was used. The blood was 
stabilized by mixing i t with a solution of the following 

* To whom correspondence should be addressed. 

composit ion (5:1,  v/v) [4]: tr isodium citrate 13.2 g, 
citric acid 4.8 g, and dextrose 14.7 g (dissolved in 
100ml doubly-distil led water).  This refr igerated 
blood sample could be used for ca 3 weeks. 

The erythrocytes were separated by centrifugation 
and washed with an isotonic buffer suspension 
3.95 g, Na2HPO4-2H20,  0.76 g KH2PO4, and 7.20 g 
NaC1 in 100 ml doubly-distil led water  and adjusted 
to p H  7.4 [5] until the supematan t  was colourless. 
A 0.4% solution of  erythrocytes in this buffer was 
found to be suitable for our  test conditions. 

Haemolysis tests. Erythrocyte  suspension (2 ml) 
was mixed with H202 (0.5%),  buffer dimethyl sulfox- 
ide (DMSO)  and inhibitor dissolved in D M S O  as 
indicated in Table  1. Af te r  mixing, the tubes were 
incubated at 37 ° for 4 hr, then centrifuged (1000 g) 
for 5 min, and the optical density of the supernatants 
was measured at 540 nm. The extent  of haemolysis 
and its inhibition were  calculated from the measured 
optical densities. 

The haemolysis inhibitors. Keeping in mind the 
substitution pat tern of  our natural products which 
were investigated in our  further experiments [1], we 
selected the following phenols as model  substances: 
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Table 1. Composition of mixtures for haemolysis tests (total 
volume 4 ml) 

No. of tubes 
Components (ml) I II III IV V VI 

Erythrocyte suspension 2.0 2.0 2.0 2.0 2.0 2.0 
Buffer 2.0 1.4 1.3 1.3 
H20 - -  2.0 1.9 
DMSO 0.1 - -  0.1 - -  
Inhibitor in DMSO 0.1 
H202 (0.5%) 0.6 0.6 0.6 

The test substances (I-X) were obtained from E. 
Merck (Darmstadt, F.R.G.). Compounds XI-XIV 
were synthesized in our laboratory by Dakin oxida- 
tion [6] of the related aldehydes. The acetates were 
obtained by acetylation of the phenols by acetic 
anhydride in pyridine. Before crystallization, the 
synthesized substances were purified by column 
chromatography (silica gel; benzene as eluant). The 
authenticity of the substances was verified by spectro- 
scopic methods. Due to the very low solubility of the 
tested inhibitors in water, they were dissolved in 
dimethyl sulfoxide (DMSO). The tolerance limit of 
the solvent was found to be 0.1ml/4ml test 
combination. 

RESULTS AND DISCUSSION 

Maximum haemolysis of bovine erythrocytes was 
achieved by 0.5% H202 solution with an incubation 
time of 4 hr (Fig. 1). Lower concentrations of H202 
or shorter time intervals did not cause appreciable 
haemolysis. Higher H202 concentrations had an 
adverse effect on haemolysis, apparently due to de- 
composition of the liberated haemoglobin (Fig. 1). 

As indicated in chemical formulae, the phenols 
carrying oxygen functions at appropriate positions 
were tested for their haemolysis inhibitory activity. 
The results of the tests are given in Table 2. 

The phenols are well known as scavengers of 
free radicals formed in oxidation processes. Some 

* The oxidation values were calculated from a stripped 
lard test for 72 hr at 60 °. The results of this investigation 
will be published separately. 

phenols have been tested for their antihaemolytic 
activity [2] but as yet no systematic attempt has been 
undertaken to evaluate the effect of substitution 
pattern and to study the role of acetylation of the 
hydroxyl groups. 

Apart from the side chains and/or the condensed 
rings, most of the natural products in our further 
investigation [1] contained groups in various pos- 
itions. As such, for a systematic investigation of the 
antihaemolytic property of these substances, it was 
advisable to start with the basic phenol (I) and then 
study the influence of additional hydroxyl (or 
methoxyl) groups in different positions. Phenol I 
showed moderate antihaemolytic activity, which is 
also corroborated by its mild antioxidative prop- 
erty.* Contrary to the reports of Younkin et aI. [2], 
the introduction of a methyl group in the ortho 
position does not affect the activity. Our result is in 
agreement with its antioxidative property for fats.* 

If a second hydroxyl group was in the ortho posi- 
tion of the phenol (II), an enhancement in activity 
was observed. This was maintained even if one 
phenolic group was methylated (V). In contrast to 
this, the presence of a meta-hydroxyl group in the 
phenol (III) rendered it completely inactive as an 
antihaemolytic agent. This can be attributed to the 
poor oxidizability of this substance.* Partial methyl- 
ation of HI to VI restored its activity to some extent. 
Among the dihydroxy products, hydroquinone IV 

was found to be the most active inhibitor of haem- 
olysis. Its susceptibility for fast oxidation to para- 
quinone explains its high activity. Partial methylation 
of IV to VII did not result in any loss of activity. 
Introduction of a bulky group in the ortho position 
(VIII) of the hydroxyl group in VII produced no 
untoward effect as regards its activity. 

Among the phenols carrying three hydroxyl 
groups, only pyrogallol (X) was a good inhibitor. 
Hydroxyl groups, as in the case of pholoroglucinol 
(IX), occuring in many natural products, do not seem 
to be conducive to antihaemolytic activtiy. Under 
our experimental conditions, phenols II, IV, V, VIII, 
X, XII and XIII had a tendency to show lower 
antihaemolytic activity at higher concentrations. At 
such concentrations these substances possessed weak 
haemolytic activity, as found in independent experi- 
ments without the use of H202 in the test combina- 
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Fig. 1. Time dependence of H202-induced haemolysis. 
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Table 2. Inhibition by the test substances (mean -+ S.D.; n = 5) 

Test sub- Concentration in ~nnole/ml; % inhibition 
stances 20 × 10 -2 10 x 10 -2 5 × 10 -2 2 × 10 -2 1 × 10 -2 

I 65.2 67.0 66.3 55.0 - -  
+0.5 -+1.6 ±1.1 ±1.0 

II 60.1 70.0 74.2 89.4 86.6 
-+1.2 -+1.4 -+0.5 ±2.0 -+0.7 

H a  (77.9) (71.1) (60.0) - -  - -  
-+1.3 -+0.9 -+1.7 

III 0 0 0 - -  - -  
IV - -  84.0 88.7 93.7 73.5 

• +0.6 --+1.5 -+0.8 -+1.3 
V 67.1 89.2 88.7 89.2 60.1 

-+0.7 -+0.9 -+1.4 -+1.1 -+2.1 
Va (90.6) (60.4) (40.7) - -  - -  

±1.0 -+2.3 -+1.7 
VI 69.5 71.2 30.4 - -  - -  

-+0.9 -+1.4 -+2.1 
VII 94.0 95.0 95.0 95.4 - -  

• +2.1 -+1.7 -+1.2 -+1.5 
Vlla (77.4) (66.5) - -  - -  - -  

-+1.0 -+0.6 
VIII - -  - -  8 2 . 1  8 0 . 8  9 9 . 0  

-+2.3 -+0.7 -+1.3 
Villa (79.8) . . . .  

-+0.9 
IX 0 0 0 - -  - -  
X 56.0 80.6 70.7 - -  - -  

-+2.4 -+0.8 -+1.1 
Xa (59.0) (43.4) (30.8) - -  - -  

-+1.3 -+0.9 -+1.9 
XI 0 0 0 - -  - -  
XlI 70.1 85.0 88.3 91.3 - -  

+0.7 -+0.5 -+1.4 -+1.7 
XlIa (84.4) (66.1) (53.5) - -  - -  

• +1.8 -+1.1 -+1.7 
XIII 78.1 89.5 90.4 85.0 - -  

-+0.6 -+2.1 -+1.3 -+1.1 
XllIa (51.2) (50.0) (42.7) - -  - -  

-+1.7 -+0.8 -+1.5 
XIV 92.3 98.1 97.6 95.7 - -  

-+0.7 -+1.6 -+1.9 -+0.8 
XlVa (87.6) (73.4) (60.2) - -  - -  

-+1.8 -+2.4 -+1.2 

The values in parentheses are for the corresponding acetates 
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t ion.  C o m p o u n d  XI was r a the r  haemoly t ic  at all 
concen t ra t ions .  Howeve r ,  by select ive me thy la t ion  
of the  hydroxyl  groups  of  XI,  very  active an t ihaemo-  
lytic c o m p o u n d s  (XII,  XIII ,  XIV) were  ob ta ined .  

Expec t ing  tha t  ace ty la t ion  would increase  the  lipo- 
philic p roper t i e s  of the  phenols ,  we also examined  
the  an t ihaemoly t i c  activity of  some pheno l  acetates .  
In fact,  they were  found  to be  less active t han  the  
re la ted  phenols .  The  activity of  the  aceta tes  seems 
to d e p e n d  on  the i r  degree  of hydrolysis  u n d e r  our  
exper imen ta l  condi t ions .  T he  hydrolysis  of  aceta tes  
was verif ied by ext rac t ing  the  incuba ted  test  sub- 
s tances with e the r  and  compar ing  t h e m  with the  
co r r e spond ing  pheno l s  on  T L C  plates.  

In Table  2 the  an t ihaemoly t i c  values of  the  aceta tes  
(IIa,  Va,  XIIa)  at  h igher  concen t r a t ions  are obse rved  
to be  of the  same o rde r  of magn i tude  as those  of the  
co r re spond ing  pheno l s  (II ,  V, XII)  at lower concen-  
t ra t ions .  This  indicates  tha t  par t ia l  hydrolysis  to 
pheno l s  migh t  be  the  cause  of  the  activity shown by 
the  aceta tes .  In compar i son  wi th  the  acetates ,  the  

n icot ina tes  of  the  pheno l s  have  a lower  degree  of  
hydrolysis  u n d e r  our  exper imen ta l  condi t ions .  
Accordingly ,  very  low an t ihaemoly t ic  activity was 
ob ta ined  in the  case of  the  nicot inates .  The  pheno l  
aceta tes  as such seem to play no  s t ructural  role in 
p reven t ing  haemolys is  in cont ras t  to v i tamin E acet- 
ate  [7]. 
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