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ABSTRACT 

The therapeutic effect of N-acetylcysteine (NAC) in paraquat-treated rats was 

investigated. The animals were divided into four groups: A = control; B = NAC; 

C = paraquat; D = NAC + paraquat. In the appropriate groups, paraquat 20 mglkg 
body weight was administered intraperitoneally and 1 % NAC solution was 

provided as drinking water. All surviving rats were killed on the seventh day 
after paraquat exposure. The lungs were graded histologically on the basis of 

oedema and cellular infiltration. 

On histological examination, the lungs of poisoned rats that had received NAC 
displayed a tendency towards less oedema and cellular infiltration than those 

of poisoned rats not treated with NAC. It is concluded that NAC might afford 

some therapeutic effect against paraquat toxicity in rats. 

INTRODUCTION 

Paraquat (l,l’-dimethyl-4,4’bipyridinium) is a widely used and powerful 

herbicide. In the last twenty years it has caused a considerable number of 

deaths following accidental or intentional ingestion (1 ,8) .  The predominant 

organ damaged is the lung, but other organs such as the kidneys and liver are 

also affected (1,8). The disproportionate pulmonary injury characteristic of 

paraquat toxicity is attributed, at least partly, to the preferential 

accumulation of paraquate In the lung (11)  and the continuous exposure of the 

lung to atmospheric oxygen. Under the aerobic conditions prevailing in the 

lung, paraquat undergoes oxidation-reduction cycling, which leads to two 

unfavourable events: generation of superoxide anion and other oxygen-free 

radicals (4). and depletion of NADPH (2) .  Superoxide anion and other oxygen- 

free radicals are oxidants, and may serve to initiate lipid peroxidation of 

cell membranes, causing tissue damage and death ( 4 ) .  Furthermore, the critical 

depletion of NADPH per se may be sufficient to disrupt vital cell functions 

and to render the cell more susceptible to lipid peroxidation. 

This majority view of the mechanism of paraquat toxicity has important 
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therapeutic implications. Thus, it is reasonable to speculate that 

antioxidants may protect against paraquat-induced oxidant injury. 

N-acetylcysteine (NAC), a known antioxidant, has been found to reduce paraquat 
toxicity in hepatocytes in vitro (5) and to protect lung epithelial cells in 

vitro against oxidant injury (13). However, the position of NAC in the 

protection of lung oxidant injury in vivo is not clearly defined. 

In a previous study NAC was demonstrated to have a protecting effect on 

paraquat-induced lung damage when administered 24 hours before the poison (15). 

The aim of this study was to study the possible therapeutic effect of NAC when 

administered after the poison. 

MATERIAL AND METHODS 

Male Sprague-Dawley rats (Alab, Sollentuna, Sweden), weighing from 200 to 

230 g were used. They were housed in separate cages and were given commercial 
pellets (Ewos, Sodertalje, Sweden) and tap water ad libitum throughout the 

experiment. A paraquat solution was prepared by dissolving paraquat (Methyl 

Viologen, Sigma Chemical Company, St Louis, USA) in normal saline to obtain a 

concentration of 10 mg/ml. A 1% NAC solution was freshly prepared on each 
R 

study day by dissolving NAC (Fluimucil , Zambon SPA, Milano-Vicenza, Italy) 
in water. 

The rats were divided into four groups: Group A (n=5) received 0.5 m l  of 

normal saline intraperitioneally (i.p.); group B (n=5) received 0.5 ml of 

normal saline i.p. and 1% NAC in their drinking water; group C (11-15) received 

paraquat 20 mg/kg body weight i.p.; group D (n=15) received paraquat 20 mg/kg 

body weight i.p. and 1% NAC instead of drinking water. 

The behaviour, water intake and weight of each rat were recorded daily. On 

the seventh day after paraquat administration, all surviving rats were 

anaesthesized with pentobarbital (Inactin , Byk-Gulden, FRG) 125 mg/kg body 
*eight i.p., and exsanguinated via the abdominal aorta. All rats were then 

processed according to a modification of the technique employed by Hasan et 

al. (9). The chest wall was opened and the right lung was tied off with a silk 

thread. The left lung was inflated and perfused with modified Karnovsky 

solution (2% paraformaldehyde, 2.5% glutaraldehyde in 0.1 M cacodylate buffer 
at a pH of 7.2) through a tracheal cannula under a water pressure of 20 cm for 

5 to 10 minutes. The right lung was dissected free, blotted gently and 

weighed. The left lung was then fixed in 4% neutral-buffered formalin 

solution, embedded in parrafin, sectioned at 5 um and stained with 

haemotoxylin-eosin; sections were taken from the upper and lower part of the 

lung in all the rats, regardless of the surface appearance. 

R 
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The s l i d e s  were coded and w e r e  s u b s e q u e n t l y  r ead  by a n  o b s e r v e r  (TS) who was 

b l i n d  of  t h e i r  i d e n t i t y .  For e a c h  s l i d e ,  a b o u t  20 high-power f i e l d s  were 

examined a t  630 times m a g n i f i c a t i o n .  The s e v e r i t y  of t h e  pulmonary damage w a s  

graded h i s t o p a t h o l o g i c a l l y  as f o l l o w s :  Grade 0 = normal;  g r a d e  1 = mild  oedema 

and c e l l u l a r  i n f i l t r a t i o n ;  g r a d e  2 = moderate  oedema and c e l l u l a r  

i n f i l t r a t i o n ;  g r a d e  3 = s e v e r e  oedema and c e l l u l a r  i n f i l t r a t i o n .  

Data were ana lysed  by us ing  t h e  unpa i r ed  t test w i t h  Welch's approximation 

f o r  wa te r  i n t a k e ,  body weight  and r i g h t  l u n g  we igh t ,  F i she r ' s  e x a c t  

p r o b a b i l i t y  tes t  f o r  m o r t a l i t y ,  and t h e  Mann-Whitney U test f o r  l i g h t  

mic roscop ic  grade.  D i f f e r e n c e s  were c o n s i d e r e d  s t a t i s t i c a l l y  s i g n i f i c a n t  when 

t h e  P v a l u e  w a s  less t h a n  0.05. 

RESULTS 

Behaviour and m o r t a l i t y  

Following a d m i n i s t r a t i o n  of p a r a q u a t ,  t h e  rats became a p a t h e t i c  and i n a c t i v e .  

Fo r ty -e igh t  h o u r s  l a te r  t h e i r  f u r  w a s  r u f f l e d  i n  appea rance  and t h e y  were 

b r e a t h i n g  r a p i d l y .  Four p a r a q u a t - t r e a t e d  rats t h a t  d i d  n o t  r e c e i v e  NAC (group 

C) d i e d  spon taneous ly  (two each  on t h e  t h i r d  and t h e  f o u r t h  day ) ,  and two 

pa raqua t - t r ea t ed  rats t h a t  r e c e i v e d  NAC (g roup  D)  d i e d  on t h e  t h i r d  day; t h i s  

d i f f e r e n c e  w a s  n o t  s t a t i s t i c a l  s i g n i f i c a n t .  G e n e r a l l y ,  group C rats were i n  a 

poore r  g e n e r a l  c o n d i t i o n  t h a n  rats of group D. By t h e  f i f t h  day,  most of t h e  

p a r a q u a t - t r e a t e d  ra ts  showed s i g n s  of  r e c o v e r y  and behaved no rma l ly ,  l i k e  t h e  

c o n t r o l  rats (group A )  and t h e  rats t h a t  r e c e i v e d  NAC a l o n e  (group B). 

Water and NAC i n t a k e  

The i n i t i a l  water i n t a k e  on day 1 (Fig.  1) is s i g n i f i c a n t l y  lowered bo th  by 

t h e  NAC-addition t o  t h e  d r i n k i n g  water (g roups  B and D)  and by t h e  pa raqua t  

po i son ing  (g roups  C and D).  U n t i l  day 4 t h e  water i n t a k e  of group D is 

i n c r e a s e d  t o  a s i g n i f i c a n t l y  h i g h e r  l e w e l  t h a n  t h a t  of group C. 

The mean d a i l y  wa te r  i n t a k e  pe r  animal  was 32 m l  i n  group A, 26 m l  i n  group 

B ,  22 m l  i n  g roup  C and 24 m l  i n  g roup  D. Th i s  meant. t h a t  t h e  ave rage  d a i l y  

NAC i n t a k e  was 1070 mg/kg body weight  i n  group B rats (mean body weight 243 

g ) ,  and 1182 mg/kg body weight  i n  rats of group D (mean body weight  203 g ) .  

__ Body w e i g h t -  

Weight loss was observed i n  a l l  t h e  p a r a q u a t - t r e a t e d  rats one day a f t e r  t h e  

po i son ing ,  and reached a n a d i r  on t h e  second day (F ig .  1).  T h e r e a f t e r  t h e r e  

w a s  an i n c r e a s i n g l y  q u i c k  weight g a i n  and t h e  i n i t i a l  weight  was r ega ined  on 

t h e  f i f t h  day. NAC d i d  n o t  a b o l i s h  t h i s  e a r l y  weight  l o s s .  Con t ro l  and group B 

r a t s  gained weight s t e a d i l y  th roughou t  t h e  experiment .  The o n l y  s i g n i f i c a n t  
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Figure 1 .  E f f e c t  of  NAC on the mean d a i l y  water intake and the mean d a i l y  
body weight of  r a t s  which rec ieved paraquat 20 mg/kg body weight 1.p.  or 
normal s a l i n e  0 .5  m l  1.p. 
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d i f f e r e n c e  i n  body weight  w a s  found on day two between groups C and D (Fig.  

1). 

Right lung  weight  

The r i g h t  lung weight of those  rats t h a t  rece ived  paraquat  were 

s i g n i f i c a n t l y  h i g h e r  than  t h o s e  t h a t  d i d  not  r e c e i v e  t h e  poison (Table  1). 

There was no d i f f e r e n c e  i n  r i g h t  lung weight between groups A and B o r  between 

groups C and D. 

Light  microscopy 

The l i g h t  microscopic  grade  of t h e  rats i n  each group i s  shown i n  Table  2. 

The grade  of  oedema and c e l l  i n f i l t r a t i o n  tended,  a l though n o t  s i g n i f i c a n t l y ,  

t o  be lower i n  t h e  lungs  of paraquat - t rea ted  rats t h a t  rece ived  NAC than i n  

t h o s e  of s i m i l a r y  t r e a t e d  ra ts  t h a t  were not  g iven  NAC. In t h e  former group 

(group D) t h e  l u n g s  showed e s s e n t i a l l y  normal a l v e o l a r  a r c h i t e c t u r e  i n  27% 

( F i g  2A), and i n  t h e  lungs  of a f u r t h e r  33% t h e r e  was a mi ld  p e r i v a s c u l a r  

oedema and l i t t l e  c e l l u l a r  i n f i l t r a t i o n  ( F i g  2B). These lungs  compared 

favourably  wi th  t h o s e  of poisoned rats t h a t  had n o t  rece ived  NAC; i n  20% of  

t h e s e  t h e  lunbs  were normal or showed mild changes, but  i n  47% t h e y  d i s p l a y e d  

a te lectasis ,  marked i n t e r s t i t i a l  and a l v e o l a r  oedema, and e x t e n s i v e  

n e u t r o p h i l i c  i n f i l t r a t i o n  ( F i g  2C). A l l  rats t h a t  had o n l y  rece ived  NAC had 

normal l u n g s  h i s t o l o g i c a l l y .  
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Figure 2. Photomicro- 
graphs of rat lungs 
Hematoxylin staining. 
Magnification 175 X. 

A. Normal lung. 

B. Mild perivascular 
oedema and slight 
cellular infiltration 
in paraquat-treated rat 
that received NAC. 

C. Severe interstitial 
and alveolar oedema, 
and extensive neutro- 
philic infiltration in 
Paraquat-treated rat 
not given NAC. 

DISCUSSION 

In this study it was found that NAC, administered after exposure to 

paraquat, did not prevent the toxicological consequences in rats, although 
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among poisoned rats receiving NAC there was a tendency towards earlier 

recovery of normal activity, increased water intake during day 3 and 4 and 

lower mortality. In a previous study of this laboratory a significant 
reduction in mortality was noted among rats in which NAC treatment was 

initiated 24 hours before paraquat administration (15). When the results of 

both studies are considered together, two conclusions may be drawn: (i) Pre- 

treatment with NAC has a significant protective effect in paraquat toxicity, 

and (ii) the effectiveness of NAC is markedly diminished when it is given 

after the administration of paraquat. The exact protective mechanism of NAC 

pre-treatment in paraquat toxicity is uncertain. It is conceivable that 

adequate antioxidant cover by NAC pre-treatment blocks the oxidant chain 

reaction and buys time for the kidneys to clear the blood of paraquat. 

Likewise, delayed and inadequate treatment allows paraquat to generate a huge 

oxidant burden that ultimately overwhelms the antioxidant defence system. 

In contrast' to the toxicological findings, our histological results indicate 

that NAC might have some therapeutic effect in paraquat-exposed rat lungs 

(Table 2 and Fig 2). The histological criteria used here, i.e. oedema and 

cellular infiltration, are relevant to the evaluation of pulmonary damage. 

Other authors have reported that pulmonary oedema and haemorrhage accompanied 

severe paraquat poisoning in man (6,8,10). In previous animal experiments, 

morphological examination of paraquat-damaged lungs revealed early alveolitis 

of mainly neutrophils and macrophages (12,14), an observation confirmed in the 

present study (Fig 2C). Shoenberger et al. (12) have postulated that paraquat 
induces alveolar macrophages to release neutrophil chemotactic factor (for 

recruitment of neutrophils), alveolarmacrophage-derived growth factor and 

fibrinonectin (for recruitment and replication of fibroblasts). Consequently, 

neutrophils will provide toxic oxidant radicals, and fibroblasts will cause 

pulmonary fibrosis. Although paraquat has been shown to denude the alveolar 

walls of their epithelial lining (14), it has been reasoned that pulmonary 
fibrosis is unlikely to result simply from fibrous repair of damaged alveolar 

walls (10). For all the above-mentioned reasons, we believe our microscopic 

findings indicate that NAC rendered some therapeutic effect against paraquat 

toxicity in rats. 

The antioxidant property of NAC has been discussed in previous publications 

(3,5,10). It is postulated that this compound directly scavenges toxic 

oxygen-free radicals, or directly impairs the ability of inflammatory cells to 

generate oxygen-free radicals (3). In addition, it may replenish intracrllular 

glutathione stores by increasing intracellular substrates for the glutathione 

reductase pathways (3,5,10). Glutathione then accelerates the conversion of 

toxic lipid hydroperoxides, formed during lipid peroxidation, to less toxic 
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l i p i d  a l c o h o l s .  I n  c l i n i c a l  p r a c t i c e ,  

c h r o n i c  b r o n c h i t i s  and c y s t i c  f i b r o s i s ,  a n  a n t i d o t e  f o r  paracetamol  poisoning ,  

and a p r o p h y l a c t i c  f o r  meconium i l e u s  equiva len t .  F e r r a r i  (7 )  r e p o r t e d  t h a t  

t h e  common a d v e r s e  e f f e c t s  a s s o c i a t e d  wi th  such c l i n i c a l  use of  NAC were 

t r i v i a l  g a s t r i c  compla in ts  such as nausea,  d i a r r h o e a  and dyspepsia .  The NAC 

doses  used i n  c l i n i c a l  p r a c t i c e  were a l s o  high - up t o  18 g/day o r a l l y  o r  300 

mg/kg body weight  over  20 hours  in t ravenous ly .  NAC i s  t h u s  a r e l a t i v e l y  

non-toxic pharmacological  agent .  

NAC is used as a mucoly t ic  agent  f o r  

The lower water i n t a k e  i n  t h e  NAC groups (B and D ,  F ig  2) might be 

expla ined  by t h e  a c r i d  tas te  of t h e  NAC. I n  f u r t h e r  experiments  a more 

e f f e c t i v e  way of a d m i n i s t r a t i o n  should be cons idered .  

I t  is d i f f i c u l t  t o  e x t r a p o l a t e  t h e s e  i n s i g n i f i c a n t  r e s u l t s  of animal  

experiments  to  c l i n i c a l  a p p l i c a t i o n  i n  man. We b e l i e v e  t h a t  c l i n i c a l  t r i a l s  of 

NAC might s t i l l  be premature. 
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