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S u m m a r y  

Ever since the role of the carotid bodies in controlling ventilation was elucidated by 
Heymans in 1932, researchers have puzzled over the seeming paradox presented by the 
action of hydrogen sulfide gas on the nervous system. The dominant effect is depression 
of function, but the neural receptors of the carotids appear to be stimulated, resulting in 
hyperpnea at sublethal exposures. This paper examines the effect in light of the known 
cellular mechanisms of H~S poisoning, which inhibits the enzyme cytochrome oxidase, 
stopping oxidative metabolism. The argument is made that H~S affects the carotid sensors 
in the same manner as reduced oxygen tension, thus resulting in increased rate and depth 
of ventilation. 

I n t r o d u c t i o n  

Accord ing  to  the  Na t iona l  In s t i t u t e  fo r  O c c u p a t i o n a l  Sa fe ty  and  Hea l th  
(NIOSH)  of  the  U.S. (1977)  [ 1 ] ,  h y d r o g e n  sulfide is the  leading cause o f  
s u d d e n  dea th  in the  workp lace .  I t  is an acu te ly  t ox i c  gas used  as a reagent  
and  i n t e rmed ia t e  in the  p r e p a r a t i o n  of  o t h e r  r e d u c e d  sulfur  c o m p o u n d s .  I t  
is also a b y - p r o d u c t  o f  desu l fu r iza t ion  processes  in the  oil and  gas indus t r ies  
and  such diverse pursui t s  as viscose r a y o n  p r o d u c t i o n ,  sewage t r e a t m e n t ,  
and  l ea the r  tanning .  

The  i m m e d i a t e  e f fec t  o f  the  inha la t ion  o f  1 0 0 0 - - 2 0 0 0  p p m  or  m o r e  o f  
the  gas is r e sp i r a to ry  paralysis  a f t e r  a b rea th  or  t w o ,  due  to  inh ib i t ion  o f  
the  r e sp i r a to ry  cen te r  o f  the  bra in  [2,  3 ] .  A t  c o n c e n t r a t i o n s  o f  500 to  
1000  p p m ,  r e sp i r a to ry  para lys is  is p r eceded  by  a pe r iod  of  rap id  b rea th ing  
or h y p e r p n e a ,  and  dea th  will resu l t  unless the  v ic t im is r e m o v e d  f r o m  ex- 
posu re  and  art i f icial ly ven t i l a t ed  [2, 4 - - 6 ] .  

A t  c o n c e n t r a t i o n s  b e t w e e n  250 and  500  p p m ,  the  gas is e x t r e m e l y  ir- 
r i ta t ing  to  the  m u c o u s  m e m b r a n e s  o f  the  r e sp i r a to ry  t r ac t  and  the  eyes .  
P u l m o n a r y  edema ,  which  can  be l i fe - threa tening,  a l m o s t  a lways  occurs .  
E x t e n d e d  exposu re  to  the  gas a t  c o n c e n t r a t i o n s  above  50 p p m  can  resu l t  
in p u l m o n a r y  e d e m a ,  a l though  d ryness  and  i n f l a m m a t i o n  o f  the  ep i the l ia  
o f  the  ent i re  r e sp i r a to ry  t r ac t  are m o r e  c o m m o n .  The  ep i the l ia  o f  the  eye ,  

0304-3894/86/$03.50 © 1986 Elsevier Science Publishers B.V. 



370  

especially of  the conjunctiva and the cornea, are similarly affected, resulting 
in "sore eye"  or "gas eye".  

Only at relatively low concentrations no t  associated with significant 
damage except  to the eyes, is the obnoxious,  rot ten egg-like odor  of  the 
gas, a warning of  its presence. At levels above ~ 150 ppm the olfactory 
sense is lost, and pain from the irritant effect  on the eyes stops as the poison 
anesthetizes the nerve endings in those mucous membranes. The effects of  
the gas on humans is summarized in Table 1. 

T A B L E  1 

Ef fec t s  o f  e x p o s u r e  to  H2S in h u m a n s  at  var ious  c o n c e n t r a t i o n s  in air 

H2S CONCENTRATION. 
CMNICAL EFFECTS p p m  

OOOR PERCEPTION THRESHOLD Ol 0 2 
OFFENSNE ODOR 30 -5o 
O ¢ ~ A ~ L  IB(POSURE MMIT (O.E.L.) 10.0 
~ [ ~ V  50.0 looo 
OU:ACTORIY PARALYm 150.0 -2000 
I=tIIL,II~DII~IW ~ ,  ~ A T  TO UFE 300.0 -5oo0 
$TRO~ NERVOUS STmlULATION 500.0,100oo 

OF ~ 
RESPIIllATORY PARALYSIS, IMMEDIATE 10oo o 2000 o. 

COLLAPSE, ~ I ' H  

Hydrogen sulfide is not  a cumulative poison since it is metabolized and 
excreted. There is insufficient evidence to conclude that direct permanent  
damage is caused through chronic exposure,  although data are lacking to 
state unequivocally that  such damage does not  occur. 

Discussion 

Ever since Heymans et al. (1932) [5] elucidated the controlling role of  
the carotid bodies in the reflex governing ventilation, researchers have 
puzzled over the seeming paradox presented by the action of  hydrogen 
sulfide on the nervous system. While the dominant  effect is a depression of  
function manifested as a paralysis of  ventilation and loss of  a sense of  smell, 
the neural receptors of  the carotid and aortic bodies appear to be stimulated 
at concentrations between 500--1000 ppm. The resulting stimulation pro- 
duces hyperpnea.  

Resolution of this seeming functional contradiction requires a new look 
at the metabolism of  hydrogen sulfide, together with its physiologic effect. 

H2S is metabolized along three general pathways which can be sum- 
marized as methylation,  oxidation, and reaction with metallic ion or di- 
sulfide-containing proteins [7] .  The methylat ion pathway is traced in 
Fig. 1, oxidation in Fig. 2. These two routes consti tute detoxification 
processes for the poison [8, 9] .  Oxidation results in sulfates which can be 
readily excreted by the kidney [9] ,  and is the primary detoxification path- 
way. 
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Fig. 1. Methylation pathway for H~S detoxification. 

Fig. 2. Oxidation pathway for H~S detoxification. 
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Fig. 3. Interaction of H2S with metalloproteins. 

Reaction with metal ion-containing protein is the primary route  for 
toxici ty  of  the H2S [10] as seen in Fig. 3. 

Many enzymes contain metal ions that  react with hydrogen sulfide. 
Most significant among these is the intracellul8r mitochondrial  enzyme 
cytochrome oxidase. This is the final enzyme of the mitochondrial  respira- 
tory  chain, and transfers electrons and hydrogen ions to oxygen to form 
water. Without  oxygen as the final electron acceptor,  all electron transport  
down the chain is s topped,  and oxidative metabolism, which is the primary 
energy source for mammalian cells, ceases. Work by Wever et al. (1975), 
Nicholls (1975), Nicholls et al. (1976), Petersen (1977), Smith et al. {1977), 
and Smith and Gosselin (1979) [10--15] showed that H2S causes chemical 
reduction of  one of the hemes of  this enzyme, preventing electron transfer 
to oxygen. Chance and Schoener (1966) [16] found the action of hydrogen 
sulfide to be a more potent  inhibition of cytochrome oxidase than that 
produced by hydrogen cyanide. 

Tissues most  sensitive to the action of  this poison are those that  have the 
highest oxygen demand: nervous and cardiac tissues. That the respiratory 
center of  the brain is immediately paralized at concentrations above 1000 
ppm is witness to this sensitivity. 

More sensitive are the chemosensors which are associated with ventilatory 
control,  which are located in  the carotid bodies (at the bifurcation of  the 
common carotid arteries carrying blood to the brain), and the aortic bodies 
in the aortic arch (see Fig. 4). They respond at concentrations of 500 ppm 
and greater. 
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Normally these chemosensors stimulate ventilation of  the lungs in the 
extreme case when the partial pressure of oxygen in the arterial blood going 
to the head falls from 100 mmHg into the 30--60 mmHg range. When this 
occurs, the number of  impulses from the chemosensors to the respiratory 
center in the medulla increases sharply (see Fig. 5). 

As a result, the rate and depth of lung ventilation increases to the point 
of hyperpnea, or extemely rapid breathing (see Fig. 6). 
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Fig. 4. Location of  chemosensors sensitive to p0  ~ in the carotid and aortic bodies. 

Fig. 5. Effect o f  arterial p0:  on impulse rate from the carotid body of  a cat [17] .  
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Fig. 6. Effect of  arterial p02 on the alveolar ventilation (and on subsequent decrease in 
p02) [17] .  
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One of the puzzling aspects of H2S poisoning has been that hyperpnea 
occurs at sublethal doses of  the gas. Hyperpnea indicates a stimulation of  
neural respiratory control  tissue, ye t  the known mechanism of  toxici ty for 
H2S is depression of  function due to cessation of  oxidative metabolism. 
Heymans (1932) showed that  the chemosensors of the carotid and aortic 
bodies were involved in H2S hyperpnea bu t  neither he, nor others who 
elucidated the toxic mechanism of  H2S, have explained this seeming paradox. 

The content ion of  this paper is that  this paradox can be resolved if the 
effect  of  the halting of  oxidative metabolism on the function of  the carotid 
and aortic bodies is considered. The chemosensors have no mechanism for 
distinguishing decrease in oxygen concentration (decreased p02) from un- 
availability of  oxygen due to inhibition of  cy tochrome oxidase by hydrogen 
sulfide. As hydrogen sulfide binds to cy tochrome oxidase and inhibits it, 
electrons and hydrogen ions cannot  be transferred to oxygen. To put  this 
conversely, oxygen becomes unavailable as an oxidizing agent for the res- 
piratory cy tochrome chain and oxidative metabolism stops. Blockage of  
oxidative metabolism has the same effect  as a decrease in oxygen supply, or 
decreased P02 in the arterial blood.  

Both decreased p02 and H2S denial of  oxygen to cytochrome oxidase 
results in activation of  carotid and aortic chemoreceptors,  with an increase 
in signals to the respiratory center. The respiratory center in turn responds 
with increased signals to the ventilatory muscles, and hyperpnea results. 

It is important ,  from a practical standpoint,  that  workers and potential  
rescuers of  victims of H2S poisoning are aware that  hyperpnea is part  of  the 
clinical picture of  response to H2S toxicity.  As exposure reaches sublethal 
concentrations (~500 ppm),  the victim increases the rate and depth of  
ventilation. Rapid breathing can increase dosage to the victim, as well as use 
oxygen in respirators far more rapidly than normal breathing does. 

This paper has been reviewed in accordance with the U.S. EPA peer review policies but  
does not necessarily reflect the views of the Agency and no official endorsement should 
be inferred. 
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