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The effect of barbiturate on the activity of Mg++-dependent ATPase in erythrocytes 
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Erythroeytes Concentration No. of cases Mg~+-dep. ATPase 
of barbiturate 

Control + Barbiturate 

t P 

A 10 mM 5 113.3 252.4 32.26 4.31 <0.02 
A 100 mM 4 115.9 0.0 29.65 3.91 <0.05 
AS 10 mM 5 1272.5 1183.0 35.71 2.51 >0.05 
AS 100 mM 4 1311.2 621.5 100.95 6.83 <0.01 

A, Erythrocytes hemolysed by 4 mM ATP. AS, Erythrocytes hemolysed by 4 mM ATP in 0.025% saponin. 

cytes  u n d e r  g iven  cond i t ions  a f te r  a 1 h incuba t ion .  For  
more  de ta i l s  see our  p rev ious  p a p e r  ~. 13arbital  (5,5- 
d i e t h y l b a r b i t u r i c  acid) suppl ied  b y  S P O F A  was used. 

Results and discussion. The  a c t i v i t y  of Mg++-dependen t  
A T P a s e  in e r y t h r o c y t e s  hemolysed  b y  4 m M  A T P  was 
m e a s u r e d  a f t e r  t he  t r e a t m e n t  w i t h  b a r b i t u r a t e  a t  va r ious  
concen t r a t i ons .  The  mode  of ac t ion  of b a r b i t u r a t e  is 
2-staged.  A t  t h e  f i r s t  s t age  i t  s t i m u l a t e s  t h e  enzyme,  
whereas  a t  t h e  second t h e  e n z y m e  a c t i v i t y  decreases  
w i t h  inc reas ing  b a r b i t u r a t e  c o n c e n t r a t i o n  and  a t  :tOO m M  
b a r b i t u r a t e  c o n c e n t r a t i o n  no ac t i v i t y  was obse rved  in 
a n y  of t he  four  e x p e r i m e n t s  (Figure,  Table) .  W h e n  t he  
e n z y m e  a c t i v i t y  was s t i m u l a t e d  b y  saponin ,  i t  decreased  
fol lowing t he  t r e a t m e n t  w i t h  b a r b i t u r a t e .  Th i s  decrease  
was no t  s t a t i s t i ca l ly  s ign i f ican t  a t  10 m M  c o n c e n t r a t i o n  
of b a r b i t u r a t e ,  b u t  i t  grew w i t h  inc reas ing  c o n c e n t r a t i o n  
of b a r b i t u r a t e  a n d  was g rea tes t  a t  t he  h ighes t  concen t ra -  
t i on  used, i.e. a t  100 m M  (Figure,  Table) .  Fa i r - t - t e s t  was  
used for  s t a t i s t i c a l  e v a l u a t i o n  of t he  results .  

An  increase  ill t h e  a c t i v i t y  of Mg++-dependen t  A T P a s e  
in e r y t h r o c y t e  m e m b r a n e  i nduced  b y  b a r b i t u r a t e  can  be  
a c c o u n t e d  for b y  t he  in te r fe rence  of b a r b i t u r a t e  w i t h  some 
m e m b r a n e  componen t s ,  t h u s  a f fec t ing  t he  l a t ency  of t he  
enzyme.  The  i n h i b i t i n g  ac t ion  of b a r b i t u r a t e  m a y  be due  
to t he  b lockade  of some groups  in t he  e n z y m e  molecule.  

I t  is i n t e r e s t i ng  t h a t  m a n y  subs t ances  in t e r f e r ing  w i t h  
ne rve  ac t ion  also inf luence  t he  a c t i v i t y  of Mg++-dependen t  

A T P a s e  and  some of t h e m  even  affect  shape  of e ry th ro -  
cytes.  13RAASH a n d  ROGAUSCH 5 de t ec t ed  t he  f o r m a t i o n  of 
c r ena t ed  e r y t h r o c y t e  fol lowing the  in jec t ion  of b a r b i t u r a t e  
N e m b u t a l  ill an ima l s ;  t h e  changes  were more  p r o n o u n c e d  
in r a b b i t  e r y t h r o c y t e s  t h a n  in dogs. W h e t h e r  th i s  is due  to  
acc iden ta l  co inc idence  or to  a ce r t a in  r e g u l a r i t y  will  be 
a sub jec t  of f u r t h e r  s tudy .  

Zusammen]assung. Die Aktivi t~i t  de r  Mg++-abh/ ingigen 
A T P a s e  in der  M e m b r a n  m e n s c h l i c h e r  E r y t h r o z y t e n  
Xndert  s ich in A n w e s e n h e i t  yon  B a r b i t u r a t  (Ba rb i t a l  de r  
F i r m a  Spofa). 10 m M  13arb i tura t  s t i m u l i e r t  das  E n z y m ,  
w~ihrend 100 m M  zu e inem Ver lus t  der  e n z y m a t i s c h e n  
Ak t iv i t / i t  f t ihrt .  13el E r y t h r o z y t e n ,  deren  E n z y m  m i t  
Sapon in  s t imu l i e r t  wurde ,  i s t  der  E inf luss  yon  10 m M  
B a r b i t u r a t  s t a t i s t i s ch  n i c h t  s igni f ikant .  100 m M  13arbitu- 
r a t  h a t  eine h e m m e n d e  Wi rkung .  
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Interaction of Polyene Antibiotics and Serum Lipoproteins 

W e  h a v e  shown  p rev ious ly  t h a t  t he  a r o m a t i c  h e p t a e n e  
l evor ine  a n d  t he  n o n - a r o m a t i c  h e p t a e n e  a m p h o t e r i c i n  ]3 
i n t e r a c t  w i t h  choles tero l  in  v i t ro  f o r m i ng  a s te ro l -polyene  
complex  ~. Since choles terol  is p r e s en t  as l i popro te in  
complexes  in  b lood  serum,  i t  seemed to  be  of i n t e r e s t  to  
s t u d y  t h e  b i n d i n g  of po lyene  an t ib io t i c s  b y  s e rum lipo- 
pro te ins .  I n  t h i s  s t u d y  we h a v e  i n v e s t i g a t e d  t he  in te r -  
ac t ion  of l evor ine  a n d  a m p h o t e r i c i n  t3 w i t h  l ipopro te ins  
(LP) of t h e  r a b b i t  se rum.  

Table 1. The binding of levorine and amphotericine B by normal and 
hypercholesterolemic rabbit serum 

Antibiotic Concentration Binding by serum (%) 
of antibiotic 
(mg/ml) normal hyper- 

cholesterolemic 

Levorine 0.5 57 83 

Amphotericin B 1.0 0 53 

Materials and methods. The  sod ium sal ts  of l evor ine  a n d  
a m p h o t e r i c i n  t3 w i t h  t he  specific biological  a c t i v i t y  of 
30,000 U / r a g  and  600 U / m g  respec t ive ly  were used in th i s  
s tudy .  The  a c t i v i t y  of an t ib io t i c s  was def ined b y  t he  
m e t h o d  of the  di f fus ion in to  aga r  w i t h  t h e  t e s t - o r g a n i s m  

' Torula utilis 2. W e  judged  t he  i n t e r a c t i o n  of an t ib io t i c s  
w i t h  L P  on t h e  bas is  of t he  loss of t he  po lyene  biological  
a c t i v i t y  in t he  presence  of L P  in compar i son  w i t h  t he  
con t ro l  e x p e r i m e n t  (an t ib io t i c  in  t h e  p h o s p h a t e  buffer ,  
buffer ,  p H  7.2). 

N o r m a l  r a b b i t  s e rum c o n t a i n i n g  150 rag/100 ml  of 
fl-LP, hype rcho le s t e ro l emic  s e rum c o n t a i n i n g  2,000 rag/  
100 ml  o f / / -LP,  a 2% so lu t ion  of fl-LP and  a 0.4% so lu t ion  
of a - L P  were used ill t h e  expe r imen t s .  The  / / -LP were 
i so la ted  b y  CORNWELL a n d  KIRUGER'S ~ p rocedure  f rom 
t h e  r a b b i t  hype rcho le s t e ro l emic  serum.  The  c o n c e n t r a t i o n  
o f / % L P  ill t h e  so lu t ion  was  b r o u g h t  to  t h e  c o n c e n t r a t i o n  

1 A. N. KLx~mv, A. A. NIKIFOROVA, E. D. ETn~GoF, Antibiotics 3, 
243 (1971), in Russian. 

2 V. S. DMITRIEVA and S. M. SEMENOV, Microbiological Control o[ 
the Activity o] Antibiotic Preparations (Medicine, Moscow 1965), 
in Russian. 
D. Y. COR•WELL and F. A. KRUGER, J. Lipid Res. 2, 110 (1961). 
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Table II. The binding of levorine and amphotericin B (in %) by serum lipoproteins (average data  of 3 experiments) 

EXPERIENTIA 29/6 

Antibiotic 2.0% solution of fl-LP Solution of delipidated 0.4 % solution of c~-LP Solution of 
fl-LP delipidated c~-LP 

Levorine 87 (83-91) 69 (59-80) 31 (25-37) 10 (7-15) 

Amphoteriein B 61 (50-72 0 17 (14-20) 0 

in  t h e  p r i m a r y  s e r u m  (2,000 m g / 1 0 0  ml ) .  ~ - L P  we re  
i s o l a t e d  u s i n g  BURSTEIN'S a n d  ]VIoRFIN'S 4 p r o c e d u r e  a n d  
t h e i r  c o n c e n t r a t i o n  in  t h e  s o l u t i o n  a l so  w a s  b r o u g h t  t o  t h e  
c o n c e n t r a t i o n  in  t h e  p r i m a r y  s e r u m  (400 r ag /100  ml ) .  
D e l i p i d a t i o n  of  L P  w a s  c a r r i e d  o u t  a c c o r d i n g  to  t h e  
WINDMUELLER a n d  LEVY 5 m e t h o d .  T h e  d i sc  e l ec t ro -  
p h o r e s i s  i n  p o l y a c r y l a m i d e  ge l  w a s  c a r r i e d  o u t  a c c o r d i n g  
to the method of WOLLENWEBER and KAHLKE 6 with 
minor modification. The paper electrophoresis was 
performed according to the universally adopted method 
in the veronal buffer, pH 8.6. 

The weight ratio of polyene/LP in the experiments 
with the electrophoretic separation was 2:1. When the 
paper electrophoresis was used to study the binding of 
antibiotics by LP, some electrophoregrams were applied 
to the Petri dishes with the Torula utilis culture. The 
presence of antibiotic was judged by the occurrence of the 
zone of inhibition of growth of this culture. 

For the quantitative estimation of antibiotic, the paper 
electrophoregram was cut into equal pieces corresponding 
to the origin and the bands of ~- and fl-LP. In some 
experiments the antibiotic was extracted from these 
strips with 90 ~ ethanol. The concentration of polyene 
was defined spectrophotometrically 7 and by the diffusion 
into agar 3. 

Fig. 1. Separation of LP of normal human  serum by disk electro- 
phoresis method in the presence of polyene antibiotics 1. Serum; 
2. Serum + levorine; 3. Serum + amphoterecin B. 

4 M. BURSTEIN and R. MORFIN, Life Sci. 8, 345 (1969). 
5 H. Y. WINI~MU~LLER and R. J. LEVY, J. biol. Chem. 243, 4878 

(1968). 
6 j .  WOLL~NW~BER and W. KAHLKE, Clin. chim. Acta 29, 411 (1970). 
7 A. A. NEVINSKY and E. D. ]~TINGOF, Antibiotics 6, 541 (1971). in 

Russiau. 

Fig. 2. Separation of LP of rabbit hypercholesterolemie serum by 
paper eleetrophoresis in the presence of polyene antibiotics (previous 
staining of lipids with sudan black). 1. Serum; 2. Serum + levorine; 
3. Serum + amphotericin B. 

Fig. 3. Separation of LP of rabbit hypercholesterolemic serum by 
paper eleetrophoresis in the presence of polyene antibiotics (sub- 
sequent staining with oil red 0. 1. Serum; 2. Serum + levorine; 
3. Serum + amphotericin B. 



15.6. 1973 Specialia 663 

Fig. 4. Zones of inhibition of growth on the agar surf ace after covering 
it with sections of eleetrophoregrams. Left, levorine alone, right, 
complex of/~-LP-levorine. 

Fig. 5. Zones of inhibition of growth on the agar surface after placing 
theron sections of eleetrophroegrams. Left, amphoteriein B alone; 
right, complex/5-LP-amphoteriein B. 

Results and discussion. The data on the study of binding 
of levorine and amphotericin t3 by normal and hyper- 
cholesterolemic serum are shown in Table I. 
As it is apparent from Table I, the normal rabbit serum 
binds a considerable amount  of the aromatic antibiotic 
levorine, but  does not bind the non-aromatic antibiotic 
amphoreticin t3. In the presence of hypercholesterolemic 
serum, not only the binding of tile aromatic antibiotic 
increases, but  also marked fixation of non-aromatic 
antibiotic becomes evident. 

Furthermore we undertook an investigation of the 
interaction of levorine and amphotericin 13 with LP 
isolated from serum. I t  is seen from Table II  that  the 
binding of amphotericin 13 by both e- and/3-LP is weaker 
tha t  the binding of levorine. 

The 2% solution of native /~-LP bound an average of 
87 % of levorine and 61% of amphotetricin B. Delipidation 
of j3-LP caused only a slight decrease of the percentage of 
levorine binding but completely deprived the /~-LP of 
their ability to bind amphotericin /3. Approximately the 
same peculiarity is noted in case of delipidation of e-LP. 
As a result of delipidation of LP they lose their cholesterol 
almost completely, which is likely to explain the decrease 
of levorine binding and the loss of the ability to bind 
amphotericin B. Proceeding from Table II, one comes to 
the conclusion that  the presence of lipids (cholesterol) 
plays the major pare in the amphotericin B binding by 
serum LP, While the levorine binding is brought about by 
both protein and cholesterol components of LP. Also 
consideration must be given to the fact that  free choles- 
terol, as well as its esters, possess tile ability to bind 
levorine. As to amphotericin B it can be bound only by 
the free cholesterol s. I t  is known that  the LP  contain both 
free and esterified cholesterol. This also contributes to a 
stronger levorine binding by LP. 

When studing tile binding of polyene antibiotics by 
serum LP by means of disk electrophoresis and also using 
paper electrophoresis (previous staining for lipids with 
sudan black), it was found that  in the presence of levorine 
the stained bands of LP  were almost completely absent, 
and in the presence of amphotericin B the intensity of 
their staining became considerably lessened (Figures 1 
and 2). This phenomenon could be explained by either 
decoloration of the sudan black by polyene antibiotics, 
by the absence of electromobility of LP-polyene complex 
or by the displacement of sudan black from LP by polyene 
antibiotics. Purposely designed experiments showed that  
the decoloration did not happen on mixing the polyene 
and sudan black solutions. As to the electrophoretic 
mobili ty of the LP-polyene complex, the data of the 
paper electrophoresis with subsequent staining of the LP 
bands with oil red 0 proved that  tile changes of mobili ty 

of the complexes were minor: only a slight retardation of 
the mobility of LP-levorine complex, and somewhat more 
marked retardation of the mobili ty of LP-amphotericin ]3 
complex were observed (Figure 3) .It is characteristic that  
the subsequent staining of electrophoregralns with oil red 
0 resulted in the appearance of stained bands in the place 
of the LP-polyene complex. I t  is explained by the fact 
that  during 3 h processing of the electrophoregram with 
alcohol solution of oil red 0, extraction of antibiotic from 
the complex takes place which liberates the functional 
groups in the LP particles. These groups are able to 
interact with the stain. 

So there is reason to believe that  due to the high 
affinitiy of polyene for LP, the antibiotics levorine and 
amphotericin B displace the sudan black, the specific 
stain for the lipids, from the binding with LP. 

Another proof of the interaction between polyene 
antibiotics and LP is the detection of the antibiotic 
activity in the bands corresponding to e- and/~-LP when 
making the paper electrophoresis of the latter in the 
presence of polyene. In the experimental samples (LP + 
polyene) the antibiotics are revealed over the whole 
length of the electrophoregram (Figures 4 and 5), while in 
the control samples (polyene in the phosphate buffer) the 
antibiotics were detected only at the origin. The quantitg- 
t i re  estimation of antibiotics in tile electrophoretic bands 
gave the following results: at  the separation of the 
mixture of LP + polyene somewhat less than half the 
added levorine can be detected at the start, about a 
quarter of added levorine can be detected in the band of 
~-LP, almost the same amount - in the band of e-LP and 
the trace amount in the area between the origin and the 
band of/3-LP. In the control experiment (levorine in the 
phosphate buffer) t h e t o t a l  antibiotic is detected at the 
origin. 

blBOB,/~bI. I']0.11HeHOBble aHTg6HOTtlKH .rIeB0pVlH ~I aMqb0- 
TepHILHH b B3aHM0/Ie~CTBy~OT C .rIHII01Ip0TeHHaMH II.Jla3Mbl 
Kp0BH C 06paa0BaHHeM KOMHJIeKca ".rIHIIOHp0TeHH-IIOJ1HeH ". 
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