
TOXICOLOGY Of NITRIC OXIDE 
: 

Since nitric oxide (NO) is the only oxide of nitrogen present in the smoke from 
cigarcttcs made from flue-cured tobacco, this review Is concerned primarily 
with the toxicology of NO. Howe\-er, the smoke from cigarettes made from 
air-cured tobaccos may contain very small amounts of nitrogen dioxide (NO 

8 
), and 

furthermore NO can react with oxygen to form NO2 with therefore the possi ility 
that some NO2 may bc formed in the lung. It would therefore be unsound to 
produce a review on nitric oxide without also assessing the possible effects of 
nitrogen dioxide, or at least demonstrating that nitrogen dioxide is unlikely 
to be formed. 

Toxicological studies on nitric oxide are difficult due to the iact that 
nitrogen dioxide may be produced in the exposure system by oxidation. Were 
this to happen, any effects found could be due to NO2 and not MJ. 

NITRIC OXIDE 

! hcule Toxicity .; . ‘, -a : :p..’ . 

Humans Inhaling 15 PPH for 15 minutes arc reported to show no effect on lung 
difiusion,capacity, but at levels a20 PPN airway resistance dccrcascd (7,ll). 

I 

When humans brcathcd’more than 15 PPH for 15 minutes there was a decrease 
in arterial oxygen partial pressure but alveolar p0 

% 
was unchangcd(l1). N rway 

resistance only increased after the inhalation of + 0 PM. 

When 8 healthy male volunteers wcrc exposed to 1 PPM for 2 hours while carrying 
out intcrnittcnt 118ht exercise no symptoms wcrc observed during the cxpoxurc -- 
period. A small but significant decrease in specific air-way conductance ~3s 
observed in 4 of the subjects (34). 

Dogs exposed to 0.5% and 2% for bctuccn 7 and 50 minutes died due to a critical 
reduction in arterial oxygen content despite inhaling 98% oxygen (14). This was 
due to tither the formation of methemoglobin, low arterial pO2 or ac?.dcmia. 
These effects are probably due to nitrogen dioxide since it was reported Lhat 
considcrablc oxidation of nitric oxide occurred. It has been reported that 
nitric oxide converts haemoglobin to methemoglobin and induces non-specific 
bronchopncumonia in dogs (4). 

Nitrosile hncmoglobin was found in the blood of rats, mice and rabbits which had 
been exposed to 10 PPH for 1 hour (10). In oicc the maximum level was not qui tc 
1.3% of the total haemoglobin and in air this decreased with a half life of 

10 minutes. A dose response was found between NO concentration and maximum 
level of nitrosile haemoglobin. 

Rats were injected in with 5 ml of NO or NO2 and blood was collected 30 minutes 
later. Three.;imes as much methemoglobin was formed by NO as by HO2 (38). 

In a study of the transformation of nitrogen oxides when inhaled $y animals it 
was found that in guinea pigs and rabbits who inhaled 20 ml N02/N for 6 hours 
nitrate was excreted in the plasma. It vas suggested that this was due to rapid 
oxidation of NO2 to nitrate by the hacmoglobin. In the presence of No the rate 
of clearance of nitrate was slower due to the fact that NO had first to be 
oxidiscd to NO2 (31). z . 

When primary lung cells from rats were exposed to 6-27 PP?I for 3 hours, only the si 

highest concentration (27 PPEl) significantly lncrcascd mutation (39). A 
P 
a 

z. 

. . 
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' Sub-?cutc Toxicity 

When nitric oxide was added to cigarette smoke gas phase the mucous f-low in rat 
' traclrca was reduced as compared with the gas phase alone (S). 

IMPFRIAL NEED TO STATE THE CONCEh'TRATION OF NITRIC OXIDE AND OF THE CIGAREFTE 
SMOKE GAS PHASE USED, FOR DURATION OF EXPOSURE. 

. No correlation was found between the level of nitric oxide in cigarette smoke 
and ciliastatis in cats (6). . 

No ultra-structural changes were found in the hearts of rabbits which had been 
exposed to 5 PPK NO + 0.5 PPM HCN + 200 PPM CO (24,28,29). LMPERIAL NEEL) TO 
INDICATE THE PERIOD OF MPOSURE. 

Experiments have shown that NO and also cigarette smoke increases the activity 
of guanylate cyclase (17,25,27,33,37). It has been suggested that a close 
relationship exists between coronary arterial relaxation and guanylate cyclase 
activation (25). The effect of this aitiyation has been shown to give rise to 
increased lcvcls of cyclic guanoslne 3 ,5 -mono-phosphate. (17,25,27,32). 
It has been suggested that NO inhibited platelet aggregation in humans as a 
result of clan 
guanosine 3\,5' 

late cyclase activation which increased the level of cyclic 
-mono-phosphtitc in platelets. 

- 
Dnphyccmatous changes and thinning of the avcolar wall were found in rats 
expose? to.2 PPM NO for 6 weeks (15,16). 

An exposure of 10 PPM (containing l-1.5'PPM ND2) for up to 6 months increased 
the lung weight of mice. Degenerative and necrotic changes with hypcrplasia of 
the broncheolar cpcthelfum and dilatation of aveolar walls was noted (12). 

In rabbits exposed to 5 PPM for 14 days there were changes in the arterioles 
4. and a thickening of the aveolar capillary mcmbranc (19). Houcvcr, no 

morphological changes were found in rabbits which had been cxposcd to 43 PPM 
for 6 days or to 5 PPM+ 0.5 PPM HCN + 200 PPM CO for 2 weeks (20,21). 

When mice were exposed'to 10 PPM NO or NO2 for 2 hours daily up to 30 weeks it 
-was found that NO produced more severe lung pathology than NO2 with clear 
evidence of pataseptal emphysemia (22). . 

Rats were exposed to continuous inhalation of .2 to 10 mg NO/N3 and it was found 
that the chanpcs depended on the duration of exposure and concentration (36). 
At 10 mg NO/M' the lungs showed necrobiotic changes, microabscess and 
cmphysemia. IMPERIAL NEED TO GIVE THE TIME OF EXPOSURE. 

_- 

Rats exposed to 0.05 mg/litre NO for 7 weeks, at 6 hours/day, 5 times/week 
were found to have increased levels of methemoglobin (9). 

- Rats exposed to 2 PPM NO for 6 weeks showed no alteration in blood parameters 
but methemoglobin was not found (15,16). . , 

Fxposurc of humans to 15 PPM is reported to alter the affinity of the blood 
for oxygen (16). IMPERIAL NEED TO STATE THE PERIOD OF UPOSURE. 

Drposure of mice to 10 PPM.(containing l-l.5 PPM N02) for up to 6 months showed 
an increase in the leukocyte count and a dtcrcasc in the blood cholinestcrase 
activity. Heinz bodies were found in red blood cells (12): 
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An ecporurc system for exposure to NO which avoided oxidation to NO2 l!as been 

. ;Is;;;;;;Hj35). It was used for the continuous exposure of rats t 
Cholincste asc decreased substantially at 10 mg NO/H 

5 cj OL2 or 
but was 

unchanged at 0.2 mg NO/M - Serum alkyl phosphates decreased in a dose dependent 
monncr~ IMPERIAL NEED TO GIVE TIME OF MPOSURE. 

Continuous exposure to 2 PPM for 4 weeks did not reduce the resistance of malt 
mice to infection by Pasteurella multocida. However, the female mice had a 
slightly enhanced mortality compared with the controls (30). 

Chronic Toxicftv 

Mice were exposed to 10 PPH NO or NO2 for 2 hours daily over 30 weeks and at 
intervals groups were subjected to immunological examination. Both gases were 
found to suppress the immune function (22). 

Golden hamsters which had been axposed to 2 PPN continuously for 16 months 
showed no evidence of malignant tumours (3). 
was also present. 

In this experiment 40 PPH of NO2 

: 

_.- hposure of hamster lung cultures to fresh smoke from a variety of 
cigarettes shoved that &here was a positive correlation between the NO content 
of the smoke and malignant transformation (13,14). 

However when mice were exposed to 2.4 PPM for a life time no differences from 
control were dctcctcd in the lung (23). 

It has been reported that nitric oxide converts hacmoglobin to methemoglobin and 
induces non-specific broncho pheumonia in dogs (4). No effect on the blood 
viscosity of dogs was found after they had been exposed to air polluted with 
nitric oxide daily for 4 years (8). 

_) 

A new method for the mea lremcnt 
isotopic dilution with N 5\ 

of NO (presumably hound to hsemoglobin) using 
0 and mass spcctronetry has been developed (18). 

This showed that the levels of RO in the blood of non smokers and smokers was 
not significantly different. It was suggested that a mechanism existed for its 
rapid dctoxicification should NO be exogenously derived. 

After a life time exposure to 2.4 PPH (NO2 eO.04 PFbl) the lcvcl of nftrosyl 
hacmoglobin in mice was 0.013: and no methemoglobin wan formed (26). However, 
there was a change in the osmotic resistance of the red blood cells and a 

- decrease in serum hcptaglobin which suggested haemolysis but at a low level- 

Summary 
(As in the IMPEIXAL Paper) 

Comments . 

I think it is iikcly that the DHSS will be aware of the possibility of oxidation 
of NO to NO2 in the lung of the smoker. I feel we could be thought to be 
ducking the issue if we do not address the probability of NO formation, and 
assess the toxicity of N02. If WC feel it is unlikely that N 

5 
will be formed, 

this should be brought out vith the relevant evidence. In th s regard the 

Imperial report is rather lacking. We know the oxidation to be tcrmolccular 
and the rate of NO2 formation to be controlled by the rate of formation of thi 
nitric oxide diner. 

2NO+02 3 (slow) (NO)2+02 3 :_ (fast) 2N02 

.- -- __ 
-. .- - --I- . . 
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The rate of oxidation IS dependent on the square of the nitric oxide-' 
concentration and increases with falling temperature. 

The Chemists night be able to predict from the kinetics that the amount of h02 
formed will be small but finite. Where there is inefficient clearance of NO 
from the lungs larger amounts of NO2 may be expected. 

Another issue which is absent from the Imperial report is whether or not NO fs 
capable of upsetting the protcase-antiprotease balance in the lung. Any 
evidence that NO does not upset this balance should be brought out. This is 
likely to be a point of concern with the DBSS in viev of the implications for 
mphyscma, in the light of the modern theory on emphysema pathogenesis. 

There is a possibility of dinitrogcn tctroxidc formation. This should at least 
be considered, and if deemed likely to be formed in any amount the toxicology at 
these amounts should be assessed. 

: 
--..- . - .- .- 

.- 

Mike Burke . 
. . ..'f ., ) . ._ _ 

. '.'* ' ', -. . 1 _. . 
I- !’ 

30 November 1984 
i .;’ 

C.C. Dr. P. M. Darby 
Hr. C. D. Brig& 
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