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Protect ion by Ant ioxidants  Against  Ozone  Toxic i ty  in Mice 

Ozone is a ma jor  a tmospher i c  po l lu t an t  whose  p r i m a r y  
t a rge t  is t he  resp i ra to ry  t rac t .  W i t h  high concen t ra t ions  
of ozone and  pro longed exposures ,  p u l m o n a r y  edema,  
hemor rhage  and  d e a t h  ensue. The mechan i sms  of ozone 
tox ic i ty  have  been  ex tens ive ly  s tud ied  and  free radical  
fo rma t ion  ahd  injury,  resul t ing  f rom the  in te rac t ions  of 

An t iox idan t s  have  been  shown to p ro t ec t  agains t  photo-  
d y n ami c  tox ic i ty  6-8 and  CC14 h ep a t o t o x i c i t y L  in b o t h  
of which  the  role of free radicals  has been  incr iminated ,  
d ie t a ry  l iver necrosis 10, and  high pressure  oxygen  in jury  n.  
There  appears  to  be no correla t ion be tween  these  effects 
and p ro tec t ion  by  an t iox idan t s  agains t  ozone toxic i ty .  

Effects of antioxidants on the survival of mice exposed to ozone 

Antioxidant 
Chemical name Trade name 

Ozone ppm No. of % Mortality Protection 
Dose control Controls Test 
mg and test 

mice 

2,5-bis(1,1-dimethyl propyl)hydro- AHQ 15 
quinone(tert, amyl hydroquinone) 
8-(4-Amino-l-methylbutylamino)-6- Primaquin 4 10.0-12.6 
methoxyquinoline 
6-Ethoxy-2,2,4-trimethyl-l,2-dihydroquinoline EMQ 20 10.2-10.4 
Mixture of 2 and 3 tert. butyl-4-Inethoxyphenol BHA 30 9.3-10.3 
4, 4'- (2, 3-Dimethyltetramethylene)-dipyroeateehot NDGA 10 10.5-10.8 
Ascorbie acid - 50 9.6-10.4 
tert.-Butylhydroquinone TBH o 10 8.8-10.4 
n-Propylgallate - 6 9.7-10.1 
4, 4"-Diphenyl-p-phenylenediamine DPPD 40 9.0 11.8 
3, 3", 4', 5, 7-Pentahydroxyflavone Quercetin 5 9.9-12.0 
Sodium selenite - 0 .01  8.8-10.3 
~-Toeopherol - 20 8.1-10.4 
Tetraethylthiuramdisulfide Antab use 3 8.9-11.5 
D-~-toeopheryl acetate - 40 8.9- 9.2 
4-Dimethylaminoazobenzene Butter yellow 4 9.1-11.7 
3, 7-bis(dimethylamino)phenazathionium chloride Methylene blue 2 9.2-11.5 

10.6-11.1 40 78 23 55 (p 0.01) 

80 74 20 54 (p 0.005) 

40 80 33 47 (p 0.01) 
50 58 23 35 (p 0.05) 
40 76 43 35 (p 0.05) 
70 66 40 26 (p 0.10) 
60 55 34 21 (n.s.) 
60 83 68 15 (n.s.) 
60 84 69 15 (n.s.) 
60 89 77 12 (n.s.) 
50 66 58 8 (n.s.) 
40 54 50 4 (n.s.) 
80 51 49 2 (u.s.) 
40 25 25 0 (n.s.) 
70 67 70 -- 3 (n.s.) 
40 60 65 -- 5 (n.s.) 

ozone wi th  wa te r  and  organic subs tances  1, has  been  
inc r imina ted  2-4. Chromosome aber ra t ions  have  been 
induced  in Vicia labs ceils b y  b o t h  ozone and X- rays ;  
these  effects  were addi t ive  a. A va r i e ty  of thiol  'radio- 
p ro tec t iv  e agen ts  also p ro t ec t ed  mice agains t  ozone 
in jury  4. 

We  repor t  here  on p ro tec t ion  by  an t i ox idan t s  agains t  
ozone tox ic i ty  in mice. These exper imen t s  were designed 
to  t e s t  fu r the r  t he  role of free radical  in jury  in ozone 
tox ic i ty  and  also to explore the  p rac t ica l i ty  of chemical  
p ro tec t ion  agains t  the  toxic  effects  of ozone and  ox idan t  
a tmospher i c  pol lu tants .  

A to ta l  of 16 an t iox idan t s  (Table) were admin i s t e red  
to  Swiss mice ( ICR/Ha) ,  6-8 weeks old, and  of 20-22 g 
we igh t  b y  4 dai ly  i.p. in ject ions  of 0.1 ml  solut ions or 
suspensions  in saline or t r icapryl in .  Dosage of an t iox idan ts ,  
as de t e rmined  by  p re l iminary  tox ic i ty  tests ,  was  based  on 
m a x i m u m  s u b d e t h a l  levels, i h following the  last  in jec t ion  
of an t iox idan t ,  equal  number s  of t e s t  and  contro l  mice 
were exposed to  ozone for 4 h in 2 s tainless  steel  chambers ,  
of 112 l i ters capaci ty ,  suppl ied wi th  ozonized air a t  flow 
ra tes  of 101iters/min. Ozone was p roduced  by  pass ing 
f i l tered compressed  air t h rough  a neon tube  genera tor  to 
each chamber .  Ozone concent ra t ions ,  control led by  vary ing  
the  vol tage  supp ly  of t he  generator ,  were measured  at  
15 rain in terva ls  by  the  neu t ra l  po t a s s ium iodide me tho d  ~. 
Ozone concen t ra t ions  were ma in t a ined  at  9-11 ppm,  pro-  
ducing mor ta l i t ies  of 80-90% in un t r ea t ed  controls.  Ex -  
pe r imen t s  were repl ica ted  on a m i n i m u m  of 2 occasions, 
using groups of 10-20 mice in each exper iment .  

P ro tec t ion  by  an t iox idan t s  aga ins t  ozone tox ic i ty  was 
measured  b y  the  reduc t ion  in m o r t a l i t y  of t e s t  in rela- 
t ion  to  contro l  mice. As can be seen, of the  16 ant i -  
ox idan t s  tes ted ,  s ignif icant  p ro tec t ion  was p roduced  b y  
6, par t icu lar ly  AHQ, p r imaqu in  and  ElVIQ. The prac t ica l  
impl ica t ions  of such p ro tec t ion  should be fu r the r  explored.  

Zusammen/assung. 16 An t iox idan t i en  wurden  auf  ihre 
Schu tzwi rkung  gegen Ozontoxizit~Lt in Mgusen geprtift .  
AHQ, P r imaqu in  n n d  EMQ waren  hochwirksam,  BHA,  
N D G A  und  Ascarbins/ iure m~tssig wirksam,  und  die 
i ibrigen zeigten keinen n en n en s w er t en  Effekt .  
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