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FERKO, A P Effects of L-ascorblc acid on ethanol-reduced central nervous system depresston m rowe PHARMACOL 
BIOCHEM BEHAV 24(3) 543-547, 1986--Male Swiss-Webster m~ce were administered ethanol lmmedmtely before a 
motor coordination test Controls and animals treated with 1, 2 or 3 g/kg, IP, of ethanol remained on a suspended meter 
sttck for 240_+0, 232_+8, 93-+2 and 75-+5 sec, respectively Blood ethanol levels at the end of the test penod (4 mm) or when 
the animal fell from the meter stick were 1 02_+0 03, 2 13_+0 09 and 2 24_+0 07 mg/ml for the 1, 2 and 3 g/kg dose of ethanol, 
respectively Thwty mm prior to ethanol (2 g/kg, IP) animals received L-ascorblc acid in doses of 500 or 1000 mg/kg, IP 
Both doses of L-ascorblc acid s~gmficantly enhanced the duration of t~me that the ammals spent on the meter st~ck When 
ammals were given I g/kg, IP, of ethanol their rate of walking (crn/mm) on the meter st~ck was slgmficantly increased over 
controls Admmlstratmn of L-ascorblc acid (1000 mg/kg, IP) 30 rain prior to ethanol (1 g/kg) did not change the rate of 
locomotion In experiments on ethanol-reduced hypnosis (sleep-time), ammals received L-ascorbic acid (250, 500, 1000 or 
1500 mg/kg, IP) or sahne 30 mm prior to ethanol (4 g/kg, IP) L-ascorblc acid increased the t~me of onset of hypnosis 
slgmficantly at doses of 1000 and 1500 mg/kg With these doses of L-ascorblc acid sleep duratmn and blood ethanol content 
were not altered L-ascorblc aod,  however, increased ethanol-reduced hypnosis at a dose of 500 mg/kg These results 
indicated that L-ascorbic acid attenuated some of the depressant effects of ethanol, but not the st~mulatory effect from a 
low dose of ethanol It ~s possible that the ethanol-ascorb~c acid mteractlon may revolve a dopaminergnc mechanism 

L-ascorbtc acid Ethanol-reduced depressmn 

T H E  admin i s t r a t i on  of  e thano l  to an imals  can  induce  al tera-  
t ions in b e h a v i o r  Small  doses  of  e thano l  p roduce  an  ac t iva t -  
ing effect  o n  locomotaon whi le  la rger  doses  cause  a de-  
p r e s san t  effect  [21] In the l i tera ture  a lso  repor t s  ind ica te  the  
dep re s san t  ef fec t  of  e thano l  on  m o t o r  coo rd ina t ion  [7, 8, 11] 
A n o t h e r  a p p r o a c h  to s tudy the  cen t ra l  d e p r e s s a n t  ac t ion  of  
e thano l  is to use  a dose  o f  e thano l  t ha t  induces  h y p n o s i s  or  
s leep in an imal s  This  type  of  e x p e r i m e n t  is re la t ively  com-  
m o n  and  has  b e e n  used in Inves t iga t ions  s tudying the  phe-  
n o m e n o n  of  t o l e r ance  to e thano l  [21] 

Al though  the re  are  m a n y  Inves t iga t ions  on  the  behav io ra l  
effects  o f  e thano l ,  the re  is l imited i n fo rma t ion  on  agents  tha t  
reduce  or  a n t a g o n i z e  the cen t ra l  d e p r e s s a n t  p roper t i e s  of  
e thano l  H o w e v e r ,  one  such  r epo r t  tha t  is p r e s en t  in the  
l i te ra ture  invo lves  sod ium a s c o r b a t e  and  e thano l  S o d m m  
asco rba t e  a n t a g o m z e s  e thano l - induced  i m p a i r m e n t  of  
swimrmng in mice  w h e n  sod ium a s c o r b a t e  1s g iven  a long 
with e thano l  admin i s t r a t ion  [3] 

It  would  be  o f  In teres t  to exam i ne  fu r the r  the  ef fec t  of  
ascorb lc  acid on  e thano l - induced  behav io ra l  r e s p o n s e s  
There fo re ,  this  p r e s e n t  s tudy  investagates  the  in te rac t ion  be-  
tween  e thano l  a n d  L-asco rb ic  acid o n  mo to r  c o o r d i n a t i o n  
and  e thano l - induced  hypnos i s  B lood  e t hano l  c o n c e n t r a t i o n s  
are de termaned in mice  w h e n  e t hano l  is admanis te red  a lone  
and  in c o m b i n a t i o n  with L-asco rb lc  acid 

METHOD 

Male  S w i s s - W e b s t e r  mice (28-32 g) were  ob ta ined  f rom 
Peffectaon Breede r s  (Douglasvll le ,  PA)  and  were  h o u s e d  for  
1 week  pr ior  to  expe r imen t a t i on  at  22_+ I°C w~th a l ight  cycle  
f rom 6 00 a m to 6 00 p m The  an imals  had  free access  to  
Pur ina  L a b o r a t o r y  Chow (Rals ton  P u n n a  C o ,  St Louis ,  
MO) and  wate r ,  howeve r ,  t hey  were  fas ted  18 hr  p n o r  to 
drug or sal ine admin i s t r a t ion  bu t  w a t e r  was  avai lable  ad  lib 
The  bedchng used in the  cages  was g round  corn  cob  ~/s m 
( A n d e r s o n  Cob  Divis ion,  M a u m e e ,  OH)  E t h a n o l  so lu t ions  
for  in jec t ion  were  p r e p a r e d  f rom 95% e thano l  L -a sco rb i c  
acid (Baker  Ana lyzed  Reagen t )  was  ob ta ined  f rom T h o m a s  
Scientif ic,  Swedesbo ro ,  NJ  So lu t ions  of  L - a s c o r b i c  acid 
were  p repa red  u n d e r  n i t rogen gas,  ad jus ted  to p H  6 8 w~th 
NaOH solution (2 N) and placed in a l igh t - res i s tan t  con-  
ta iner  

Motor Coordmatton 

A m e t e r  s t ick  (2 m long) was  s u s p e n d e d  23 cm a b o v e  the  
l a b o r a t o r y  coun te r .  F o a m  r u b b e r  pads  were  p laced  u n d e r  the  
m e t e r  stack To tes t  for  m o t o r  coo rd ina t ion  mace were  p laced  
on  the  n a r r o w  por taon o f  the  m e t e r  s t ick  (8 ram) Measu re -  
men t s  were  t a k e n  for  the  tame spen t  on  the  me te r  s t ick  and  
the  chstance walked  Tes t  t ime was  240 sec  Mace r ece ived  
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T A B L E  1 

EFFECT OF L-ASCORBIC ACID (AA) TO REDUCE ETHANOL (ETOH 2 g/kg, IP) INDUCED ATAXIA 

Group 

Control Ethanol-Treated 

Time Time Blood ETOH 
N (sec) Group N (sec) (mg/ml) 

SAL + SAL 14 240_+ 00" SAL + ETOH 10 93 + 2t 2 13 + 009 
AA (500 mg/kg) 10 240 ± 0 0 AA (500 mg/kg) 11 147 + 16t~ 1 95 + 0 06 

+ SAL + ETOH 
AA (1000 mg/kg 10 240 ± 0 0 AA (1000 mg/kg) 12 194 +_ 16~¶ 2 03 _+ 0 05 

+ SAL + ETOH 

L-Ascorblc acid or saline (SAL) are given (IP) 30 mm prior to ethanol Duration of test is 240 sec 
*Mean ± S E M 
tSlgmficantly different from corresponding control (p <0 01) 
*Slgmficantly d]fferent from corresponding control (p <0 05) 
§Slgmficantly d,fferent from sahne + ETOH (p<0 05) 
¶Sngmficantly different from saline + ETOH (p<0 01) 

T A B L E  2 

EFFECT OF ETHANOL ALONE (ETOH, 1 g/kg, IP) ON WALKING (cm/MIN) ON THE METER STICK AND THE 
EFFECT OF ETHANOL WITH L-ASCORBIC ACID (AA, 1000 mg/kg, IP) 

Control Ethanol-Treated 

Locomot,on Locomotion Blood ETOH 
Group N (cm/mm) Group N (cm/mm) (mg/ml) 

SAL*t + SAL 14 220 ± 175 S A L t  + ETOH 11 344 _+ 24§ 1 05 _+ 0 03 
AAt + SAL 10 154 _+ 20¶ AAt + ETOH 9 327 _+ 19§ 1 12 _+ 0 05 

*SAL= saline, IP 
1Administered 30 mm pnor to second mjectuon 
~:Mean_+ S E M  
§Significantly different corresponding control (p <0 01) 
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FIG 1 The effect of acute ethanol (1, 2, or 3 g/kg, IP) to alter motor 
coordination as assessed by tame (sec) spent on meter stick (©--©) 
Blood ethanol levels (O-----O) were obtmned at the end of the test 
period (240 sec) or when the animal fell from the meter suck Each 
value represents the mean±S E M of 8 to 14 mice *p<0 05 

sahne (0 9% NaCI) or  L-ascorbtc  a o d  solution 30 mln prior  
to rejection of  sahne or e thanol  solut ton Immedia te ly  after 
the admm,s t ra t lon  of  salme or  e thanol  the mice were  tested 
for motor  coordinat ion  on the mete r  suck  Concent ra t ions  of  
drug solutions were  prepared  so that  ammals  received 0 02 
ml/g In the motor  coordinat ion e x p e n m e n t  doses  of  e thanol  
were  1, 2 or 3 g/kg, IP and doses  o f  L-ascorb lc  acid were  500 
or 1000 mg/kg, IP From each  animal nmmedtately after test- 
mg, blood samples  (20/zl) were  obta ined from the orbital 
sinus to de te rmine  blood ethanol  concen t ra t ions  accordmg to 
an enzymat ic  me thod  [12] 

Ethanol-Indue ed Hypnosis 

Sleep t ime was used as an index of  e thanol - induced cen- 
tral nervous  sys tem depressnon and was measured  as the 
t ime interval b e t w een  the loss of  the righting reflex after  
e thanol  lnjecUon (4 g/kg, IP) and the gain of  the righting 
reflex The gain of  the n g h u n g  reflex required that  the ammal  
be able to re-right himself  3 t imes wnthln 1 rain, after again 
being placed on lus back In adchtnon the onset  o f  hypnos , s  
(tame be tween  ethanol  injection and loss of  the righting re- 
flex) was r ecorded  
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FIG 2 Effect of L-ascorblc acid on latent period to ethanol-induced 
hypnoms (sleep-time) L-ascorblc acid is given 30 rain prior to 
ethanol (4 g/kg, IP) Each value is the mean_+S E M of 10 to 15 
mice *p<0 05 
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FIG 3 The effect of L-ascorb~c acid on ethanol-reduced hypnoms 
(sleep-time) L-ascorblc acid is given 30 mm prior to ethanol (4 g/kg, 
IP) Each value represents the mean_+S E M of l0 to 15 mice 
*p<0 05 

Mice received saline or L-ascorblc acid (250,500, 1000 or 
1500 mg/kg, IP) 30 mln pnor to rejection of ethanol (4 g/kg, 
IP) Blood samples (20 #.1) were taken from the orb]tal sinus 
of  each animal when they regained the righting reflex 

In another experiment mice were reJected with saline or 
L-ascorblc acid 30 mln prior to ethanol (4 g/kg, IP) At 3 and 
10 min after ethanol admlmstrat]on blood samples (20 /~1) 
were obtained from the orbital sinus of each ammal to de- 
terrmne the blood ethanol content 

Stattstt~ al Analysts 

Significant differences were determined by analysis of 
variance (ANOVA) followed by Scheffe's Test [19] All data 
were analyzed using an Apple lie Computer 

RESULTS 

The effects of ethanol on mice m the motor coordination 
test are illustrated in Fig 1 The duration of time spent on the 
meter stick was reduced significantly by ethanol at doses of 2 
and 3 g/kg, IP A dose of 2 and 3 g/kg caused the m]ce to lose 
their balance and fall from the meter stick at 93-+2 and 75-+-5 
sec, respect:vely The time spent on the meter stick after the 
2 and 3 g/kg dose of ethanol is significantly different from 
each other At a dose of 1 g/kg of ethanol all mice remained 
on the meter stick for 240 sec except one ammal Blood 
ethanol levels of the mice also are shown in Fig 1 

To study the interaction between ethanol and L-ascorb]c 
acid on motor coordination the 2 g/kg dose of ethanol was 

used L-ascorbic acid administration prior to ethanol antag- 
onized ethanol-induced ataxla (Table 1) At 500 and 1000 
mg/kg L-ascorbtc acid increased the duration of time that the 
mice remaaned on the meter stick by 58 and 104%, respec- 
tively Six out of 12 mice that received injecUons of 
L-ascorblc acid (1000 mg/kg) prior to ethanol dosage were 
able to stay on the meter stick for the duration of  the test (240 
sec) Blood ethanol concentrations also are hsted in Table 1 
In addition it should be mentioned that the various doses of 
L-ascorbic acid by themselves had no significant effect on 
the rate of walking that the mice did dunng the test 

Although the 2 and 3 g/kg dose of  ethanol reduced ataxta 
in the mice, the 1 g/kg dose of ethanol seemed to have a 
st]mulatory effect on mice This stimulatory effect of ethanol 
was manifested by an enhanced rate of wallong on the meter 
stick dunng the 4 mln test (Table 2) Ethanol (1 g/kg) m- 
creased the rate of  walking by 56% when the data were com- 
pared with controls However,  L-ascorb:c aod  (1000 mg/kg) 
faded to attentuate this stlmulatory effect of ethanol (Table 
2) 

The second part of this study involved the effect of 
L-ascorblc acid on ethanol-reduced sleep t]me (hypnosis) 
The results (Fig 2) indicated that L-ascorbtc acid enhanced 
the time interval for the mice to lose their righting reflex from 
ethanol injection (4 g/kg, IP) L-ascorbic acid at doses of 
1000 and 1500 mg/kg, IP increased the onset to sleep by 53 
and 70%, respectively 

In another experiment two groups of mice were injected 
IP with saline or L-ascorblc acid (1500 mg/kg) 30 mm prior to 
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ethanol (4 g/kg, IP) and blood samples were obtained at 3 and 
10 mln The blood ethanol levels for the saline-ethanol group 
(N=6) were 3 96_+0 08 and 3 80-+0 08 mg/ml at 3 and 10 rain. 
respectively The blood ethanol levels for the L-ascorbic 
acid-ethanol group (N=6) were 3 90_+0 09 and 3 85_+0 07 
mg/ml at 3 and 10 mm, respectively 

The results for L-ascorblc acid on ethanol-induced hyp- 
nosis are shown m Fig 3 L-ascorblC acid (500 mg/kg) en- 
hanced ethanol-reduced hypnosis whereas other doses of 
L-ascorbm acid were without any effect Also blood ethanol 
concentrations that were determined in mice at the end of 
ethanol-reduced hypnosis are indicated in Fig 3 

The enhanced sleep-time from ethanol administration in 
the presence of ascorbic acid (500 mg/kg) appears to be a 
paradoxical effect since the other depressant actions of 
ethanol were antagonized by ascorblc acid The data ob- 
tained m these expenments support this finding However, 
further experiments using several different hypnotm doses of 
ethanol should be examined in the presence of ascorblc acid 
to confirm this effect of ascorblc aczd (500 mg/kg) to enhance 
ethanol-induced hypnosis 

The range of doses for ascorbm acid used in this study has 
been employed in previous work [3, 17, 23] The admlmstra- 
tlon of ascorblc acid alone to animals caused no observable 
behavmral changes when they were compared with control 
animals Others also have reported no significant behavioral 
effects from IP injection of ascorblc acid at 1000 mg/kg [17] 
In addition the compound does not appear to be toxic even at 
high doses [6] 

DISCUSSION 

The results of the present study support an earher finding 
[3] that ascorblc acid can attenuate the depressant effect of 
ethanol on motor coordination, Other expenments in this 
investigation show that ascorblc amd lengthens the nine to 
the loss of the righting reflex after ethanol admlmstratmn It 
does appear that ascorb~c acid can antagomze some of the 
effects of ethanol In addition ascorbic acid increases the 
survival rate in mice that have received toxic doses of 
ethanol [24] In these present experiments ascorblc acid by 
itself produces no significant effect on behavior and these 
results agree with the reports of others [3,17] 

One possible explanation for the observed effects of the 
ethanol-ascorbic acid interaction in mice might be related to 
altered pharmacokinetlcs of ethanol The data, however, 
indicate no significant differences in peak blood ethanol 
levels when they are detern~ned at 3 and 10 rain after ethanol 
admmlstratmn alone or in the presence of ascorblc acid 
Further evidence on blood ethanol levels is presented m Fig 
3 In addition others [24] have Indicated that ascorblc aod  
does not delay the absorption or modify the distribution of 
ethanol Reports also show that ascorbic acid does not alter 
the disappearance of ethanol from blood in animals [24] and 
man [16] Although recent work [20] indicates that sodium 
ascorbate increases the blotransformatmn of ethanol by the 
catalase-H20~ system under certa,n circumstances m v i t r o .  

the contnbutlon of catalase in ethanol oxidataon m w v o  ap- 
pears to be limited and possibly of no significant conse- 
quence after acute ethanol administration Since ascorb~c 
acid is not altenng the absorption or blotransformatlon of 
ethanol, the site for the ethanol-ascorblc acid interaction 
might be the central nervous system 

In the mammahan brmn high concentrataons of ascorbate 
are present and the highest amounts of ascorbate are found 

in the amygdala, hlppocampus and hypothalamus 1141 rl he 
caudate and putamen also contain reasonable amounts ol 
ascorbate Following IP injection ascorblc acid enters the 
central nervous system [23] Significant elevations of ascot- 
bate In the brain occur within 15 mln and remain for 2 hr The 
exact role that ascorbate has m central nervous system func- 
tion is not fully known 

Several reports have lmphcated ascorblc acid with the 
dopamlnerglc system in the brain Ascorbate inhibits 
dopamlne-sensmve adenylate cyclase in mouse brain, de- 
creases amphetamine-induced stereotype behavior that ~s 
mediated by the dopamlnerglc system, and reduces the 
hypothermlc response from apomorphme injection [23] 
Similar to the effect of halopendol, ascorbic acid attenuates 
the dopamlne-lnduced cyclic AMP elevation in stnatal tissue 
[22] Recent work on ascorbic acid and the behavioral re- 
sponse to halopendol, demonstrates that ascorblc acid 
enhances the antJdoparmnergac effect of haloperidol [17] It 
has been suggested that ascorblc acid might reduce the effect 
of dopamlne at the receptor level [ 17] whde others have indi- 
cated that the effect of ascorblc acid to modulate dopamme 
receptors is unknown [13] 

In the present study the effect of ethanol on motor coor- 
dination is Inhibited and the onset to ethanol-reduced hyp- 
nosis is lengthened by ascorblc acid There is evidence for a 
relationship between ethanol and the dopammerglc system 
Acute ethanol admlmstratlon has been shown to release 
dopamme [18] and activate central dopamlnerglc neurons [4. 
5, 9] The ethanol-induced impairment of performance in 
6-hydroxydopam,ne treated animals ~s less than Jn controls 
[10] It has been suggested that dopamlne neurons have a 
role in the intoxicating effect of ethanol [10] In ammals the 
hypothermlc response from ethanol ln lectlon may partmlly 
be mediated by a dopamlnerglc mechanism, since plmozlde 
reduces this effect of ethanol [15] Therefore. ,t may be 
possible that when ascorb~c acid antagonizes the effect of 
ethanol, ascorb~c acid ~s acting in some manner to reduce the 
activity of the dopamlnerglc system 

Although there Is expenmental evidence for a relationship 
between ascorblc acid and the dopamlnerglc system, the 
mechanism for the effect of ascorblc acid in the presence of 
ethanol may be more complex Other studies have suggested 
that ethanol at subhypnotlc doses depresses the activity of 
dopammerglc neurons [1] and that plmozlde enhances the 
depressant effect of ethanol on motor coordination [2] 
However. the dose of plmozlde used in the study causes 
behavioral effects by itself The variant results that are re- 
ported in studies on ethanol and the dopammerglc system 
may be due to differences in experimental design, doses of 
drugs used, animal species and possibly other factors 

In conclusion this present study has shown that ascorblc 
acid can attenuate some of the depressant effects of ethanol 
on behavior but does not antagonize the st~mulatory effect of 
ethanol on locomotor activity Although some ewdence 
suggest an association of ascorblc acid with the dopammer- 
g~c system, ~t seems that further work is required before d 
definitive explanation can be given for the ethanol-ascorblc 
interaction 

ACKNOWLEDGEMENTS 

The author expresses h~s smcere appreciation to Mrs Lmda 
Bush and Ms Colleen Graham for help in the preparation of this 
manuscript 



L - A S C O R B I C  A C I D  A N D  E T H A N O L  547 

REFERENCES 

1 Bacopoulos, N G ,  R K Bhatnagar and L S Van Orden, III 
The effects of subhypnotlc doses of ethanol on regional cate- 
cholamme turnover J Pharmacol Exp Ther 204: 1-10, 1978 

2 Bacopoulas, N G , I Blze, J Levine and L S Van Orden, III 
Modification of ethanol intoxication by dopamme agomsts and 
antagomsts Psvchopharmacology (Berlin) 60" 195-201, 1979 

3 Bushel, R G and A G Lehmann AntagomsUc effect of 
sodium ascorbate on ethanol-induced changes in swimming of 
mice Behav Brain Res 1" 351-356, 1980 

4 Bustos, G and R H Roth Effect of acute ethanol treatment on 
transmitter synthesis and metabolism m central dopaminerglc 
neurons J Pharm Pharmacol 28. 580-582, 1976 

5 Carlsson, A ,  T Magnusson, T H Svensson and B Waldeck 
Effect of ethanol on the metabolism of brain catecholamines 
Ps~chopharmacologla 30 27-36. 1973 

6 Cmcclo, E I The Vitamins In Drdl's Pharmacolog) In 
Medwme, edited by J R DiPalma New York McGraw Hill. 
1971. p 1294 

7 Dunham, N W and T S Miya A note on a simple apparatus 
for detecting neurological deficit in rats and mace J Am Phar- 
maceut Asvoc 46" 208-209, 1957 

8 Kalant, H and C Czaja The effect on repeated alcohohc intox- 
Ication on adrenal ascorblc aod and cholesterol in the rat Can 
J Btochem Phy~tol 40 975-981, 1962 

9 Karoum, F ,  R J Wyatt and E Majchrowacz Brain concentra- 
tions of blogenlc amine metabohtes in acutely treated and 
ethanol-dependent rats Br J Pharmacol 56: 403-411, 1976 

10 Kllanmaa, K , K Anderson and K Fuxe On the role of ascend- 
ing dopamlne systems in the control of voluntary ethanol intake 
and ethanol intoxication Pharma~ol Btochem Behav 10 603- 
608, 1979 

11 Leltch, G J D Baches, F Slegman and G Guthne Possable 
role of GABA an the development of tolerance to alcohol Er- 
pertentta 33: 496-498, 1977 

12 Lundqulst, F The determination of ethyl alcohol In blood and 
tissues Method~ Blochem Anal 7 217-251, 1959 

13 Madras, B K and B Chan Modulation o fdopamme receptor 
binding by ascorbic acid In CNS Receptors From Molecular 
Pharmacology to Behavior, edited by P Mandel and F V De- 
Feudis New York Raven Press, 1983, pp 275-287 

14 Mefford, I N ,  A F Oke and R N Adams Regional dlstnbu- 
tlon ofascorbate m human brain Brain Res 212: 223-226, 1981 

15 Mulhn, M J and A P Ferko Ethanol and functional tolerance 
interactions with plmozlde and clonidme J Pharmacol Erp Ther 
216: 459-464, 1981 

16 Pawan, G L S Vitamins, sugars and ethanol metabolism in 
man Nature 220: 374-376, 1968 

17 Rebec, G V ,  J M Centore, L K White and K D Alloway 
Ascorblc acid and the behavioral response to halopendol impli- 
cations for the action of antlpsychotlc drug S~wnce 227 438- 
440, 1985 

18 Seeman, P and T Lee The dopamine-releaslng actions of 
neurolepucs and ethanol J Pharmacol Exp Ther 190. 131-140. 
1974 

19 Snedecor, G W and W G Cochran Statistical Methods 
Ames IA Iowa State Umverslty Press, 1967 

20 Suslck. R L and V G Zannom Ascorblc acid and alcohol 
oxidation Btochem Pharmacol 33: 3963-3969, 1984 

21 Tabakoff, B and K Knanmaa Does tolerance develop to the 
actwatmng as well as the depressant effects of ethanol "~ Phar- 
macol Btochem Behav 17: 1073-1076, 1982 

22 Thomas, T N and J W Zemp Inhibition of dopamme sensi- 
tive adenylate cyclase from rat brain strlatal homogenates by 
ascorblc acid J Neurochem 28: 663-665, 1977 

23 Tolbert, L C , T  N Thomas, L D Maddaugh and J W Zemp 
Effects of ascorbic acid on neurochemlcal, behavioral, and 
physiological system mediated by catecholammes Life Sct 25" 
2189-2195, 1979 

24 Yumce, A A and R D Llndeman Effect of ascorblc acid and 
zinc sulfate on ethanol toxicity and metabolism Proc Soc Erp 
BlO[ Med 154 146-150, 1977 


