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Abstrac~ The inhibitory effect of ascorbic acid on microsomal Na +, K +-ATPase and Mg2+-ATPase 
activities of rat brain and the ability of several mediator substances and of many drugs acting on 
the nervous system to antagonize this inhibition was studied. The maximal effect of ascorbic acid 
on ATPase activities was completely antagonized by catecholamines, apomorphine, oxypertine, reser- 
pine, tetrabenazine, phenothiazines (chlorpromazine and promethazine) and yohimbine at a con- 
centration of 10 4M or below. Apomorphine proved to be the most effective compound, fully anta- 
gonizing the effect of ascorbic acid at a concentration of 10 c, M. A partial inhibition of the effect 
of ascorbic acid was induced by 10 aM serotonin, desipramine, imipramine and LSD. During the 
incubation of the microsomes for ATPase activity determinations in the presence of ascorbic acid, 
a significant amount of lipid peroxide was formed. Compounds which antagonized the effect of ascorbic 
acid on the ATPase activities inhibited at the same concentrations the lipid peroxide formation. The 
well-known inhibitors of lipid peroxidation eliminated the effect of ascorbic acid on the ATPase activi- 
ties. It has been established that the inhibition of ATPase activities by ascorbic acid is a consequence 
of lipid peroxidation. The mechanism of action of the antagonizing compounds is discussed. 

In earlier publications from this laboratory it was 
reported that the soluble fraction of rat brain contains 
a heat-stable, dialyzable substance inhibiting the 
ATPase activities of the particulate fractions, the 
effect of which can be antagonized by catecholamines 
and by tetrabenazine or chlorpromazine [ l ,  2]. A 
similar observation concerning the catecholamines 
was described by Yoshimura, who found that Na +, 
K+-ATPase activity of total homogenates prepared 
from various regions of rat brain was considerably 
increased by catecholamines [3]. In our previous 
work the inhibitory subsffmce in the soluble fraction 
playing a role in the phenomenon was identified as 
ascorbic acid and it was established that an oxidiz- 
able reducible heavy metal ion bound to the mem- 
brane strtictures, presumably iron is responsible for 
the effect of ascorbic acid [4]. 

It is known that ascorbic acid can induce the for- 
mation of lipid peroxides in subcellular fractions pre- 
pared from liver and brain [5 9]. Experiments on 
liver microsomes indicates that a non-haem iron com- 
ponent of the microsomes is essential for the lipid 
peroxidation brought about by ascorbic acid or 
N A D P H  [10]. By the oxidative deterioration of the 
unsaturated fatty acids of the membrane phospholi- 
pids, lipid peroxidation results in the damage of the 
membrane structures and the functions related to 
them [11, 12]. On synaptosomal membranes isolated 
from the brain, lipid peroxidation induced by soybean 

lipoxygenase H 2 0  2 treatment brings about a struc- 
tural change resulting in a marked inactivation of 
Na +, K +-ATPase activity; at the same time, however, 
acetylcholinesterase activity is not influenced [13]. 

Our present work shows that the inhibition of 
ATPase activities of the membrane structures of the 
brain by ascorbic acid characterized in our previous 
work [4], is related to lipid peroxidation. On the basis 
of previous observations concerning the effects of 
catecholamines and certain neurolept ics[I ,2]  we 
tried to characterize the action of biogenic amines 
and psychotropic drugs in the phenomenon in order 
to reveal the significance of these in ritro effects. 

MATERIALS AND METHODS 

C F E  rats of both sexes weighing 14(~200g were 
used in the experiments. Tile microsomal fraction was 
isolated from whole brains according to the cell frac- 
tionation method of De Robertis et al. [14, 15] with 
the alterations described previously [4]. The micro- 
somes were suspended in 0"32 M sucrose, the protein 
content of the final suspension being 0.60-9 mg/ml. 
Preparations were stored at - 4 ' .  

ATPase activities were measured as described pre- 
viously [2]. In the present experiments Na2 ATP was 
used, therefore Mg2+-ATPase activity was measured 
in the presence of 0'5 mM ouabain. 
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Acetylcholinesterase was assayed according to Ell-  
m a n  et al. [ 1 6 ]  with acetylthiocholinc as the substrate. 

Lipid peroxide wlts measured by the thiobarbi tur ic  
acid reaction as described by Wilbur e t a / .  [I 7]. The 
amount of malonaldehyde formed wlts calculated by 
the molar  extinction coclticient, C~,,> nm = 1"56 >< 
I(F cm/m-mole,  reported by Sinnhubcr,  Yu and 
Yu [18] and was used to express the extent of peroxi- 
dation. 

Protein was determined by the method of Lowry 
e ta / .  using bovine serum albumin as a s tandard [ 19]. 

Chemicals:  ATP disodium, Sigma, St. Louis: l -  
ascorbic acid, Merck, Darmstadt :  acctylthiocholinc 
iodide. , , \ '-N'-paraphenylenc diamine dihydrochloride. 
Fluka, Buchs: 2- thiobarbi tur ic  acid, Rcanal. Buda- 
pest. 

The following drugs (found to be effective) wcrc 
used: L-noradrenaline bitartrate,  dopaminc  hydro- 
chk)ride, Sigma. SI. Louis: l,-dopa, Fluka, Buchs: pro- 
methazine hydrochloride, chlorpromazme hydrochlor- 
ide, imipramine hydrochloride. E.G.Y.T., Budapest:  
reserpine phosphate,  ( ' iba-Geigy,  Basel: oxypcrtinc. 
Winthrop, Surbiton: tetrabenazine (Nitoman 
ampullas}, Hofl]'nan La Roche, Basel; apormorphine 
hydrochloride (Ph. Hg. VI.!; yohinlbine hydrochlor- 
idc, ('hinoin, Budapest:  desipraminc hydrochloride, 
Geigy, Basel: d-lysergic acid tartrate (LSD), Sandoz, 
Basel. 

lIES{ I,TS 

Amagoniration olthc e:[:/bct O/ascorhic aci d oil .4 7P- 
ase acticities by hio:icJtic amim's. In the presence of 
5 × 10 5 M ascorbic acid, sufficient to obtain maxi- 
mal inlaibition in the microsomal ATPase activities, 
the effects of thc following mediator  substances a n d '  
or of their precursors WClC studied: noradrenalinc.  
d o p a m i n c  dopa, serotonin, 5-hydroxytryptophan,  
acetylcholinc. 7-amillobutyric acid and histamine. 

In addi t ion to catecholamines, which are known 
to antagonize the inhibition by' ascorbic acid [4]. ser- 
otonin was found to antagonize the effect o1 ascorbic 
acid, while the other compounds  proved to be ineffec- 
tive. In Tablc I the effect of a catccholaminc,  dopa-  
mine and of serotonin at different concentrat ions are 
compared. In addit ion to dopaminc, the efficiency of 

the two other  catecholammes was also studicd, but 
no substantial  difference was observed its compared 
to dopamine. Serotonin was less effective than catc- 
cholamines. Dopamine and serolonin antagonized 
complelel? the effect of ascorbic acid on Mg e - 
ATPase activity at a concentrat ion of 5 ~ 1() " M  
and 10 4 M, respectively. In thc presence of Ill a M  
dopamine.  N i t .  K~-ATPasc  actixii> reached the 
value of the control  nlcasured in the absellCC of ascor- 
bic acid, but tile antagonizat ion b_,, selotollill ;~,as still 
not complete even at the highest COllCClltfalions tested 
(2 × 10 ~ M ) .  

Na ~, K~-ATPasc  activity was cons idcrabh in- 
creased by dopalnine also in the absence of ascorbic 
acid. Similar activation could bc measured also in 
the prescnce of dopa and noradrenalinc.  This tilL'el 
of catecholamines is probably chclatory, since a simi- 
lar activation could bc obtained by chclators. The 
increase in Na . K ~-ATPase activity brought  abOtlt 
by dopaminc  and chelating agclltS, a h c a d \  knox~,n [4 ] 
was highly vltriable and did not occur in c \ c r \  prep 
aration. 

Antag<mi=atiott {?lithe <:[]bct (:/l ¢[)~('()F/)iU acid ¢m thc 
ATPasc actirilivs hy i)sycholrolffC drugw. In similar 
way the following drugs, acting on the nerxous s~stcm 
wcrc tested for their ability to antagonize the inhibi- 
tory eltkct of ascorbic acid on the microsomal ATPasc 
activities: phenobarbi tal ,  glutethixnidc, morphine.  
meperedine, harmillc, mescaline. LSD. cocaine, pro- 
caine, lidocainc, nleprobanlatc,  trinactozinc, chlordia- 
zepoxide, diazepam, chlorpromazinc,  promcthazinc. 
reserpine, tctrabenazinc, oxyperlinc, halopcridol, lriI- 
luperidol, desipraminc, imipramine, tr imipraminc.  
amitriptylinc, nortriptylinc, nialamidc, pcntyilcnctctra - 
zole, stryclmine, trimcthadionc, diphcnylliydalltOm. 
nicotine, tetracthylamnlonium, quancthidiik', brcl~,- 
liuln, dibcnanlinc, phcntolaminc. }ollimbinc. phcllOXy- 
ben/amine, propranoIol, proncthalol, prcn~lannnc, 
atropine, methantheline, physostigminc, lubocurarine, 
deeanlcthonitlnl, thcophilline, apoillorplline :.lnd lrc- 
moril~C. 

The COlllpotlnds were tested i l l  a concmllli-'<llion c)f 
10 a M  and those that \~,,crc cffcclivc were hncsti- 
gated also at lo~cr conccntratiOllS. The results arc 
shown in Table 2. Since at the concclltratioliS showi1 
in the table these conlpotlnds did ilol inlhlcncc the 

Table 1. Antagonizalion of the inhibitor3 cltbct of ascorbic acid on microsomal ATPasc activities h~ dopaminc and 
SCfO[Ollil]* 

( 'onccl/ t l-ali t) l l  

Stibst;tllCC (M) N,~I 

ATPasc acliviD {",, of control) 
Without ascorbic acid With 5 × I0 ' M  ascorbic acid 

. K'-ATPasc Mg-"-ATPasc Na" K -ATPasc Mg: ' - , \TPasc  

Dopaminc I) 
10 " 

5"< 10 " 
It) "~ 

2 × 1 0  : 

Seroton in 0 
5x 10 " 

I0 a 

I)(l'0 It)l)'0 34"N * 2.N 52-H T 4'3 
04"7 ± 6"7 106'3 + 6"2 469 i 7"9 69-7 f 2'2 
25-,4 + 1.0 110.4 + 4 6  9g.3 + 3.7 1f)4.s + [()-E 
37-4 -± 6"6 1(19"5 i 7"5 129.4 4__ I-4 !122 ! ,',~ 

164"7 4 5"7 117"5 4 8"5 166-7 t 9"3 1211 , 7", 

lO0"O IOIH) 19.9 + 34 -W.I - 5-4 
115"2 + 3-5 I02"3 + 07 45"7 + 5.7 ,X4.4 ~ ~1 
115"4 ~ 5-7 106"~ + 1.8 60"2 + 2'1 ')7.X + 1.4 
1194 + 3"9 1(19-6 + 1"3 c-~'~ 4"5 112'3 + 15 

* Na +, K '-ATPase and Mg 2 -ATPase activities of the control samples varied from 4.8 
6.gpmoles P/rag protein per 15 rain, respectively. 

Results are means of three cx:perimcnts in duplicate 4- S.E. 
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Table 2. Antagonization of the inhibitory effect of ascorbic acid on microsomal ATPase activities by drugs* 

Concentration ATPase activity (% of control) 
Substance (M) Na ~ , K +-ATPase Mg2 +-ATPase 

Apomorphine 0 37.3 ± 3"2 61.0 ± 0-6 
10 7 39.3 ± 1,)-9 70"1 ± 1-1 

5 x 10 v 82.3 ±9"8 111"5 ± 1-4 
10 ~ 104.9 ± 1-9 I 10"1 ± 3"4 

Oxypcrtine () 33.6 ± 4.1 54.3 ± 1.2 
5 × 10 ~ 46'0 + 2"0 77"3 ± 1"6 

10 5 91-2 + 125 1(16-6 ± 5.1 

Reserpine 0 31.2 ± 4.7 57.3 ± 2.0 
10 s 61"7 _+ 10"7 67"1 ± 2"3 

2'5 x 10 ~ 95"2 ± 5"2 99"9 _ 1"4 

Promethazine 0 40.8 ± 2.(1 54.8 + 0-8 
10 5 50.7 ± 0-7 84.5 ± 4"5 

2"5 x 10 s 98.7 + 13"0 98"4 ± 4.4 

Tetrabcnazinc 0 28.9 + 4.0 55-7 ± 4.2 
2.5 x 10 5 65.4± 8.5 65.6± 2.7 

5 × 10- :' 97"1 ± 5'1̀ 1 83"1 ± 1"7 
10 4- 11̀14"8 + 4"8 100'0 + 2"6 

Yohimbine 1̀) 31.9 4- 4-8 55.7 ± 2.4 
5 x 10 s 39-9 ± 3.0 69.1 ± 5.2 

10 4 91.9 + 8.1 92-1 + 5.7 

Desipramine 0 34.3 + 2.3 60-6 ± 3.7 
5 × 10 s 64.3 ± 9 7  82.9 + 3.9 

10 4 78.4 ± 6-6 91.9 ± 4-6 

lmipramine 0 35.2 4__ 4.5 59.6 ± 4.0 
I1̀ ) 4 62"7 ± 65 79'5 ± 2"7 

LSD 0 33"2 + 47 51 )̀'9 ± 5"5 
I0 ~ 43-2 ± 0.9 82.1 )̀ _+ 5.6 

* Na ~, K+-ATPase and Mg:--ATPase activities of the control 
7,7 l~moles Pdmg protein per 15 min, respectively. 

Results are means of three experiments in duplicate + S,E. 

samples varied from 4.1 to 7.3 and from 4.6 to 

ATPase  activities in the absence of ascorbic acid, only 
the values measured in the presence of ascorbic acid 
are shown. Chlorpromazine  was effective and it has 
been shown previously [2] to antagonize inhibit ion 
by the soluble fraction of brain, but it is not included 
in the table because of its inhibitory effect on the 
ATPase activity. Instead the effÉciency of another  
phenothiazine,  promethazine,  is presented, which did 
not inhibit  the ATPase activity at the concentrat ions 
shown in the table. 

Apomorphine  proved to be the most  effective com- 
pound, completely antagonizing the effect of ascorbic 
acid on Mg 2+-ATpase activity and almost  completely 
that  on Na ~, K +-ATPase already at a concentrat ion 
of 5 x 1 0 ; M .  10 5 M o x y p e r t i n e a n d 2 . 5  x 1 0  SM 
reserpine and promethazine  eliminated the effect of 
ascorbic acid. Na +, K+-ATPase  activity was pre- 
served by 5 × 10 5 M  tetrabenazine, though Mg e+- 
ATPase activity was inhibited to a small extent. 
Yohimbine antagonized the effect of ascorbic acid at 
a concentrat ion of 10 a M .  Desipramine also was 
effective, at a concentra t ion of 10 a M  but it did not 
antagonize completely the effect of ascorbic acid on 
Na +, K ~-ATPase activity. Imipramine and trimipra- 
mine were even less effective. The latter was omit ted 
from the table. LSD at 10- 4 M caused 60°. inhibit ion 
of the effect of ascorbic acid on Mg - '+-ATPase but 
was ineffective in the case of Na *, K ' - A T P a s e  acti- 
vity. 

Inhibition of the ascorhic acid induced lipid peroxida- 
tion by hiogenic amines and psychotropic drmls. During 
the incubation of the microsomes for ATPase activity 
determinat ions in the presence of ascorbic acid, a sig- 
nificant amount  of lipid peroxide was formed, as mea- 
sured by the thiobarbi tur ic  acid reaction. Table 3 
shows the effect of the compounds  tbund to anta-  
gonize the inhibit ion by ascorbic acid in the ATPase 
experiments on the ascorbic acid induced lipid per- 
oxide formation in the microsomes. The system tested 
was the incubation mixture for the total ATPase 
assay. Substances were introduced to the system in 
concentrat ions sufficient to obtain full antagonizat ion 
of the ascorbic acid effect on ATPase activity or. in 
case of serotonin and desipramine, the highest con- 
centrat ion tested was added. 

Except for scrotonin and desipramine, all the com- 
pounds tested completely inhibited lipid peroxidation 
induced by ascorbic acid. The table includes the 
chlorpromazine which at 5 x 10 s M inhibited lipid 
peroxide formation completely. 

The ascorbic acid induced lipid peroxidation, like 
the effect of ascorbic acid on ATPase activity was 
not  completely inhibited by serotonin and desipra- 
mine in the concentrat ions tested. 

Comparison q! the ~ , c t s  o[ EDTA, EGTA, N-N'- 
paraphenylene diamine, Co "-+ and Mn 2+ on ascorbic 
acid imluced lipid peroxidation aml on inhibition o[ A 7P- 
ase activity hy ascorhic acid. It is well known that 
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TaMe 3. Inhib i t ion o f  ascorbic acid induced lipid pcrox idal ion in rat brzihl microsomes by biogcnic amhlcs alld psycho- 
tropic drngs* 

('oncentrs.ll ion Lipid pcroxidc Iornmtion induced h~ ascorbic acid 
Subslancc I M) (InllOIL'S of  nlalonaldchyde nlg of  protein per l0 nlin) 

Contro l  6-65 + I)-37 
Noradrenaline 7.5 × 10 " 0 
Dopaminc 7.5 × 10 " I~ 
Dopa 7"5 × II) " (I 
Serotonin 2 × lO a t1"98 £ 0"16 
Apomorplfine I0 <' (t 
Oxypertinc 10 " ~1 
Reserpine 2"5 x I(i " 0 
Promethazinc 2"5 × I(i ~ It 
( 'h lorpromazine 5 x l(i ~ l) 
Tctrabenazinc 7.5 × 10 " u 
Yohimbinc 10 4 (I 
Desipraminc 10 a 1.32 + 0.14 

* In a total volume of 2 ml the incubation system contained 0.16 0.20 mg of microsomal protein. 50 mM Tris buffer 
pH7"4. 3 raM MgC1 z. 100raM NaCI. 30raM KCI (incubation mixture tor total ATPasc assay), 5 × I0 ~M ascorbic 
acid and various amounts  of investigated compounds.  Incubation w~l.s carried out for 10 rain at 37 . 

The rcsults are means  of three experiments in duplicate + S.E. 

lipid pe rox ida t ion  is inhib i ted  by che la t ing  agents ,  
a n t i o x i d a n t s  a n d  cer ta in  heavy  meta ls ,  e.g. Co-'~ a n d  
M n  2 ~ [5, 8, 9]. P rev ious ly  we repor ted  tha t  the effect 
of  a sco rb ic  acid on  A T P a s e  act ivi ty  can be p reven ted  
by the  add i t i on  o f  che la to r s  [_4]. Excess  Ca ~+ and  
Ni 2 ' were found  to e l imina te  the  effect of  E G T A  and  
E D T A .  respectively.  As  s h o w n  in Tab le  4, the  inhibi-  
t ion of  lipid pe rox ida t i on  by E G T A  can  be p reven ted  
by an  excess  o f  Ca 2+. O n  the o the r  hand .  an  excess  
of  Ni 2+ had  no inf luence on the  effect o f  E D T A .  It 
is n o t e w o r t h y  tha t  in the  absence  of  E D T A ,  5 x 10 5 M 
Ni 2+ s t imu la t e s  the a scorb ic  acid induced  lipid per- 
ox ide  fo rma t ion .  

Tab le  4 a lso s h o w s  the etTects o f  ( ' o  e ' and  M n :  
a n d  of  an  effective an t iox idan t .  N - N ' - p a r a p h e n y l c n c  
d iaminc .  These  s u b s t a n c e s  at a c o n c e n t r a t k m  of  5 × 
10 5 M comple t e ly  inhib i ted  the a scorb ic  acid in- 
duced  lipid pe rox ide  fo rmat ion .  T ab l e  5 s h o w s  tha t  
the  s ame  c o n c e n t r a t i o n s  of  these  s u b s t a n c e s  a lso an ta -  
gonize  the  effect o f  a sco rb ic  acid on  A T P a s e  activities.  

The Cffi'ct oI' ascorhic acid on acctvhllolim'sterasc 
tlCIdFil)<'. The  effect of  ascorb ic  acid was  tested on  the 
activity of  a n o l h e r  m e m b r a n e - b o u n d  enzyme ,  namely ,  
ace ty lcho l ines te rase  activity.  As  can be seen in Fig. 
1, m i c r o s o m a l  ace ty lcho l ines te rase  act ivi ty was  not  
c h a n g e d  by the  presence  of  ascorb ic  acid in the incu- 
ba t ion  sys tem.  The  s ame  result  was  ob ta ined ,  when  
the p r e p a r a t i o n  was  p r c i n c u b a t e d  for 20 min ,  at 37 
in the  presence  a n d  absence  o f  ascorb ic  acid. 

I)IS('USSION 

O u r  rcsnl ts  show. tha t  the cfl'cct o f  ascorb ic  acid 
on A T P a s e  act ivi t ies  and  on lipid pe rox ida t ion  can  
bo th  be inhibi ted by cer ta in  b iogenic  a m i n e s  a n d  psy- 
cho t rop i c  drugs .  Moreove r ,  c o m p o u n d s ,  which  even 
in the  h ighes t  c o n c e n t r a t i o n  tested did not  inhibi t  
total ly the  effect of  ascorb ic  acid on A T P a s e  activities,  
p roved  to bc on ly  par t ia l ly  efliective in inhib i t ing  the 
a scorb ic  acid induced  lipid peroxide  tb rmat ion .  O n  

Table 4. Effects of EGTA. EDTA, N-N'-paraphenylene diamine, Mn-' . ('o-" ' ,  ( 'a e + and Ni-' ~ on ascorbic acid induced 
lipid peroxidation in rat brain microsomes* 

Lipid peroxide Ibrmalion induced by ascorbic acid 
Substances (nmoles of malonaldehydc mg of prolcin:l 0 mii1) 

Control 7.06 + 0'22 
EGTA 0 
[! I)TA {} 
Mn 2~ (sulphate) /l 
Co-' + (nitrate) 0 
('a-" ' (chloride) 7-35 +- 11.15 
Ni-" ' (sulphate) 9.(~0 + 0-59 
EGTA + (",1 ~- 7.57 + 0-26 
EDTA + Ni -'~ I) 
Paraphenylcne diamine 0 

* Conditions of experiment were the same as given undcr Table 3. 
Results are means of three experiments in duplicate _+ S.E. 
The concentration of tile metal ions and N-N'-paraphcnylene diaminc and the concentration of the chelators were 

5 × 10 S M and l0 '* M. respectively. In samples containing chelators together with metals, metal ions werc in an 
excess of  5 × 10 ~M. In the absence of ascorbic acid no lipid peroxide formation was induced b> the metal ions 
tested. 
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Table 5. Antagonization of the effect of ascorbic acid on 
microsomal total ATPase activity by Co-".  Mn ~+ and 

N-N'-paraphenylene diamine 

Substances Total ATPase activity 
(5 x l0 5 M) (,,, of control) 

('o :+ (nitrate) 99"6 ± 3"8 
Mn :~ [sulphate) 104.8 ± 4"4 
Paraphenylcne diammc 103"0 ± 3-6 
Ascorbic acid 51"S + 2"2 
Ascorbic acid + ('o e~ 103-1 ± 5"7 
Ascorbic acid + Mn:- 107"0 ± 5.1 
Ascorbic acid 

+ paraphenylene diamine 105.0 + 2.2 

Activity of the control samples was 11-82 -- 0"60 itmoles 
P~mg protein per 15 min. 

Results are means of three experiments in duplicate 
+ S.E. 

the other hand well known inhibitors of lipid peroxi- 
dation like chelators, or a potent antioxidant such 
as N-N'-paraphenylene diamine, as well as Co e ~ and 
Mn e+ ions could antagonize the action of ascorbic 
acid on ATPase activities. Both phenomena-ascorbic 
acid induced lipid peroxidation and decrease of 
ATPase activities-present a maximum curve-type 
dependency on ascorbic acid concentration [4, 8,9]. 
In contrast to ATPase activities acetylcholinesterase 
activity was not affected by ascorbic acid (Fig. 1). It 
is already known, that whereas Na +, K+-ATPase 
activity undergoes marked inactivation, acetylcho- 
tmesterase activity remains unaffected following lipid 
peroxidation brought about by soybean lipoxy- 
genase H202 treatment of synaptosomal mem- 
branes [ 13]. 

From these results it can be concluded that the 
ascorbic acid-mediated inhibition of ATPase activities 
is caused by, the lipid peroxidation induced by ascor- 
bic acid. Only one difference was observed in the 
course of experiments on the two phenomena: while 
in ATPase experiments the antagonizing eff'ect of 
EDTA seemed to be prevented by an excess of 
Ni x ~ [4], lipid peroxidation induced by ascorbic acid 
was inhibited by EDTA in the presence of an excess 
of Ni x ~. The inhibition of ATPase activity in the 
presence of ascorbic acid. EDTA and Ni 2+ may pro- 
ceed according to some other mechanism, not related 
to lipid peroxidation. 

The inactiwttion of N a ,  K+-ATPase activity by 
lipid peroxidation can be explained by the deterio- 
ration of the phospholipid structure of the mem- 
branes. Na ~, K+-ATPase activity of synaptosomal 
membranes has been shown to depend on the struc- 
tural integrity of the membrane [2(523] and it has 
been demonstrated that membrane phospholipids are 
essential for this enzyme activity [2l 25]. Moreover 
polyunsaturated fatty acids of membrane phospholi- 
pids, which are the sites of the peroxidative damage, 
have been implicated to be involved in N a ' ,  K -  
ATPase activity [13, 23]. 

As indicated by experiments with synaptosomal 
membranes. Na" .  K +-ATPase activity is not affected 
by peroxidized oleic or linoleic acid, showing that the 
inhibition of enzyme activity cannot be attributed to 
some toxic product of lipid peroxidation [I 3]. lnhibi- 

tion of Mg 2 ~-ATPase activity in our experiments by 
ascorbic acid is also likely to be caused by damage 
of membrane structures, although in this case the role 
of lipoxidative products cannot be excluded. 

The marked effect of experimental alterations of 
membrane phospholipids on Na+, K+-ATPase acti- 
vity also suggest that eventual changes taking place 
in the phospholipid structure of the membranes in 
z:i~'o, may have an important role in the regulation 
of Na +, K ~ -ATPase activity. 

Lipid peroxidation, however, probably has no sig- 
nificance from this point of view. Under in ~'ito condi- 
tions deterioration of membrane phospholipids by 
lipid peroxidation occurs in some pathological cases 
and in connection with aging [12]. Processes involv- 
ing free radical intermediates, which can induce in 
t~itro the formation of lipid peroxides proceed in the 
living organism under strictly controlled conditions 
and do not lead to lipid peroxidation causing the 
damage of cell structures [26]. 

The high ascorbic acid concentration of the brain 
may have an important role in the prevention of per- 
oxidative damage of brain tissues. Lipid peroxide for- 
mation induced by ascorbic acid follows a maximum 
curve as a function of ascorbic acid concentra- 
tion [8,9]. In high concentrations, where ascorbic 
acid antagonizes its own effect it is also able to inhibit 
the enzymatic lipid peroxidation induced by 
N A D P H  [8] and lipid peroxidation induced by Fe e+ 
(unpublished result}. The ascorbic acid concentration 
in the brain is about 2 x 10 "~ M, [4.27] a con- 
centration not inducing any peroxidation in our ex- 
periments. Thus it can be stated, that the physiologi- 
cal level of ascorbic acid in the brain corresponds 
to a concentration at which ascorbic acid acts as a 
protective compound only. 

Our experiments on the other hand show that lipid 
peroxidation induced in t ' i tro by ascorbic acid in mic- 
rosomes prepared from rat brain can be antagonized 
by biogenic amines and psychotropic drugs. (ons i -  
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Fig. 1. Acetylcholinesterase activity of rat brain micro- 
somes in the presence (dashed line) and in the absence 
(continous line) of 10 "~ M ascorbic acid. Activily of acetyl- 
cholinestcrasc ,aas measured spcctrophotomctrally accord- 
ing to I-~llman ~,t at. [16]. The assa\ solution contained 
26"7/lg of microsomal protein in a total volume of 3"1 ml. 
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dering that the majority of  these compounds belong 
to a relatively well circumscribed group of  CNS active 
drugs, the effect of these compounds is rather specific. 
Only yohimbine, an >adrenergic blocking agent 
seems to be an exception. Injected intraperitoneally 
in high doses however, yohimbme has a sedative 
action [-28, 29] and intraventricular administration of 
high doses of yohimbine induces central depres- 
sion [30]. Disregarding apomorphine,  the most effec- 
tive drugs were neuroleptics and except lbr buliro- 
phenones all the neuroleptics tested xxcre li~tmd Io 
be effective. 

The expected inhibitors of lipid peroxidation are 
those compounds,  which posses chelating or antioxi- 
dant properties. Among the compounds found to be 
effective there are several presenting well known che- 
lating or antioxidant properties. Catecholamines, 
phenothiazines and serotonin had already been 
shown to be powerful mhibitors of lipid peroxide for- 
mation in mitochondria or in microsomes prepared 
fl'om rat liver L6,31,32]. The inhibitor 3 effect was 
attributed to their antioxidant properties. Ho;~ever, 
there was no correlation between the chelating or 
antioxidant properties on one side and effectiveness 
of the active compounds on the other sidc. Therefore 
it is also possible, that these compounds interact with 
membrane phospholipids, confering a protectkm to 
them. 

The elucidation of the exact mechanism of the 
action of the compounds in question on lipkt peroxi- 
dalton requires further research. However, consider- 
ing thai the efl'ect described above seems to be rather 
specific to a cerlain group of CNS active drugs, it 
can bc supposed thai biochemical characteristics of 
these compounds underlying this in lqtro effect also 
have a role ill their iJ1 t:iro pharmacological action. 
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