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Abstract. Administration of sodium hydrosulfide (NariS), 
an alkali salt of hydrogen sulfide (H2S) at doses of  10 and 
30 mg/kg, corresponding to sublethal and lethal doses 
(0.66 and 2.0 X LDs0) resulted in significant increases in re- 
gional catecholamine levels of the rat brain only after the 
dose of 2.0 x LDs0 of NariS. Whereas the cortex and the 
cerebellum showed little or no change in catecholamine 
content, the hippocampus, striatum and brainstem all 
showed increases in noradrenaline and adrenaline. Addi- 
tional analysis also showed that brainstem dopamine and 
5-hydroxytryptamine levels (5-HT) increased as well. In 
vitro testing of sulfide for inhibition of monoamine oxi- 
dase (MAO) activity showed the anion to be inhibitory 
with an IC50 of 39.1 +3.6 p.M. Inhibition of MAO activity 
ex vivo could be demonstrated at a dose of 100 mg/kg but 
not at the lower dose of 30 mg/kg NariS. Inhibition of en- 
zyme activity could not be demonstrated at this lower 
dose, possibly due to the well known rapid intramitochon- 
drial metabolism of sulfide. Correlation of synaptosomal 
and mitochondrial sulfide levels with enzyme inhibition 
data suggests that inhibition of MAO may be an important 
contributing factor to the mechanism(s) underlying loss of 
central respiratory drive after fatal intoxication with H2S. 
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Introduction 

Although it has long been known that the predominant 
feature of hydrogen sulfide (H2S) neurotoxicity involves 
loss of central respiratory drive (Evans 1967; Amman 
1986), the basic mechanisms underlying the disruption of 
neurotransmission in brainstem nuclei controlling respira- 
tion remain to be elucidated. Sulfide toxicity has tradition- 
ally been ascribed to inhibition of mitochondrial oxidative 
phosphorylation by blockade of electron transport at the 
level of cytochrome aa3 (Beauchamp et al. 1984). 

In fact, H2S has a greater demonstrated potency than 
cyanide in producing cytochrome inhibition at this locus 
(Nicholls 1975), although, paradoxically, sulfide and cy- 
anide possess nearly identical LDs0's (Persson et al. 1985; 
Warenycia et al. 1988). A further comparison of the two re- 
spiratory poisons also shows that regional changes in puta- 
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tive amino acid neurotransmitter levels are distinctly dif- 
ferent as well (Persson et al. 1985; Kombian et al. 1988). In 
addition, the effects of cyanide on regional catecholamine 
levels appeared to be relatively minor and restricted to 
only one or two brain regions (Persson et al. 1985). 

Since most of the catecholaminergic innervation of the 
brain originates from within brainstem structures 
(Dahlstr6m and Fuxe 1971) and catecholamines as well as 
5-hydroxytryptamine are known to markedly affect re- 
spiratory rhythm (Mueller et al. 1982; Murakoshi et al. 
1985), the present investigation focused on the effects of 
sulfide on regional levels of the biogenic amines. In addi- 
tion, the effects of sulfide on the activity of the important 
catabolic enzyme of monoamines, monoamine oxidase 
(MAO, EC 1.4.3.4) were also examinde in vitro as well as 
ex vivo. 

Materials and methods 

Sulfide source. Since H2S can be generated in vivo by the 
administration of any of the alkali salts of sulfide (Beau- 
champ et al. 1984), sodium hydrosulfide, NariS (Aldrich 
Chemical Co., Milwaukee, WI) was used exclusively 
throughout this study. Prior to use in animal studies, io- 
dometric titration (Standard Methods 1985) of the NariS 
stock showed that the salt was in the form of the dihydrate. 
Accordingly, all dosages of NariS express the concentra- 
tion of hydrosulfide in terms of the unhydrated salt. The 
LDs0 for sodium hydrosulfide in the adult male Sprague- 
Dawley rats (250-350 g) used in the experiments cited her- 
ein was previously determined (Warenycia et al. 1988) 
by probit analysis (Cook 1972) to be approximately 
15 mg/kg i.p. (LDs0 = 14.7_0.9mg/kg;  mean _S .D. ;  
n = 100). 

Brain regional studies. Animals received either saline, 
10 mg/kg NariS (0.66 x LD50) or 30 mg/kg NariS (2 x 
LDs0) by intraperitoneal injection. Animals not succum- 
bing to lethal injections of NariS were subjected to cervi- 
cal dislocation 2 min after administration of NariS or sa- 
line. The 2 rain time was chosen, since this was the median 
time to death in LDs0 studies. Brains were removed, rinsed 
in ice-cold saline and dissected on ice into brainstem, cer- 
ebellum, hippocampus, striatum and cortex as previously 
described (Kombian et al. 1988; Warenycia et al. 1988). 
Brain regions were then individually weighed and then 
sonicated in 4 -10  volumes of ice-cold 0.4 N HC104. The 
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dissection, weighing, and sonication procedure took ap- 
proximately 5 min. Sonicates were then centrifuged for 
5 min at 11 800 g and the supernatants transferred to fresh 
sample vials. All samples were then deep frozen ( -  80 ~ C) 
until analysis 2 - 7  days later. 

Catecholamine and 5-hydroxytryptamine analyses. Ali- 
quots, or suitable dilutions thereof, from the various brain 
region supernatants were analyzed for catecholamines by 
High Performance Liquid Chromatography (HPLC) with 
electrochemical detection. The column employed was a re- 
verse-phase C18 column and the mobile phase consisted of 
0.1 M Na2HPO4, 0.1 M sodium citrate, 0.1 mM EDTA and 
100 mg/1 sodium octyl sulphate, pH 4.0. Authentic sets of 
standards containing dopamine, noradrenaline, and 
adrenaline were run in each analysis. The elution order 
was: noradrenaline < adrenaline < dopamine. Interfer- 
ence by sulfide with electrochemical detection for cate- 
cholamines was considered unlikely, since the applied po- 
tential at the working electrode with respect to an Ag/ 
AgCI reference electrode was + 0.72 V. At this applied po- 
tential the contribution of any sulfide ion present would be 
negligible as previous electrochemical studies have shown 
sulfide oxidation to be maximal at the much lower applied 
potentials of 0.00 to 0.06 V (Goodwin et al. 1988). 

Supernatants of brainstem samples corresponding to 
control (i.e. saline-treated) and 30 mg/kg NariS were also 
analyzed by HPLC for 5-hydroxytryptamine (5-HT). For 
these determinations the mobile phase consisted of: 
15 mM NaH2PO4, 0.73 mM sodium octyl sulphate, 
0.37 mM EDTA and 9% (v/v) acetonitrile, pH 3.0. Quanti- 
tation was achieved by the use of the internal standard di- 
hydroxybenzylamine (20 ng) added to each supernatant. 
Authentic standards of 5-HT were also run to define the 
elution time, which established that 5-HT was the last peak 
eluted. 

Sulfide analysis. Synaptosome and mitochondrial-enriched 
fractions were prepared according to the method of Hajos 
(1975). Brains from control or 50 mg/kg NariS-treated an- 
imals were homogenized in 10 volumes of 0.32 M sucrose 
dissolved in 0.01 NaOH to reduce H2S volatilization. 
Homogenates were then centrifuged at 1000 g for 10 min. 
The supernatants were decanted and then centrifuged at 
10000 g for 20 min. The pellet was resuspended in fresh 
0.32 M sucrose and further purified by density gradient 
centrifugation at 8000 g for 30 rain. Synaptosomal and mi- 
tochondrial-enriched fractions, corresponding to the 0.8 M 
sucrose layer and the pellet, were collected. The volume of 
the former was 20.0 ml and the pellet was resuspended in 
10ml 0.01 M NaOH. Zinc acetate (135 or 67.5 Ixl of a 
1.0 M stock solution, respectively) was then added to each 
subcellular fraction to trap sulfide as the insoluble zinc 
sulfide precipitate. 

Fractions were then analyzed for sulfide by gas dialysis 
and ion chromatography as described recently (Goodwin 
et al. 1988; Warenycia et al. 1988). Briefly, each samples 
was treated with 6 M HCI to liberate sulfide from the zinc 
precipitate in a Technicon gas dialysis membrane unit; lib- 
erated H2S was then absorbed into fresh 0.01 M NaOH. 
An aliquot of this solution was then applied onto a Dionex 
fast anion separator column (type AS3) and sulfide detect- 
ed and quantitated electrochemically using authentic stan- 
dards of sodium sulfide. 

Monoamine oxidase assay (EC 1.4.3.4). Monoamine oxi- 
dase activity of whole rat brain was estimated by the radi- 
ometric assay of Wu and Dyck (1977) using [Ct4]-tyramine 
(New England Nuclear, 40.5 mCi/mmol)  as the substrate. 
Whole brains from saline-injected rats (controls) or those 
treated with NariS (30 or 100 mg/kg i.p.) were weighed 
and individually homogenized in 10 volumes of ice-cold 
phosphate (50 mM) buffer, pH 7.4, containing 0.2% (v/v) 
Triton X-100 (J. T. Baker Chem Co.) using a Brinkmann 
Polytron at a setting of 5 for approximately 3 - 4  s. Hom- 
ogenates were then further diluted five-fold with phos- 
phate buffer prior to use in the enzyme assay. 

The final assay volume (per 1.5 ml Eppendorf tube) 
consisted of: 50 p.l of the diluted brain homogenate as the 
source of the enzyme, 130 or 140 p.1 of phosphate buffer 
and 10 ~tl of [Ct4]-tyramine at a final concentration of 
2.2 l.tM. In each experiment a set of tubes containing par- 
gyline, a known MAO inhibitor, were included. The final 
concentration of pargyline (added as a 10 Ixl aliquot) was 
5 • 10-6M (5.0 i.tM). In experiments designed to deter- 
mine whether sulfide or hydrosulfide anion could affect 
enzyme activity in vitro, 10 Ixl aliquots from appropriate 
stock solutions of NariS were added to assay tubes to 
achieve final concentrations in the 5-160 txM range. 

The enzyme reaction was carried out at 37~ for 1 h 
with gentle shaking in a water bath and the reaction 
slowed by immersing tubes in an ice water bath. Under the 
conditions described and at a homogenate dilution of 1 : 50 
(v/v), the formation of the oxidized product by the en- 
zyme was linear with respect to time and substrate concen- 
tration. Under the exact conditions of this assay sulfide 
volatilization (measured using the technique of Goodwin et 
al. 1988) was approximately 90% of the initial concentra- 
tion, i.e. only 10% remained at the end of 1 h. 

The enzyme reaction was terminated by the addition of 
500 p.! chloroform containing the liquid-ion exchanger, 
diethyl hexylphosphoric acid (0.1 M; Sigma Chemical Co., 
St Louis, MO.) to each tube. Tubes were vortexed for 15 s 
and then centrifuged at 4000 g for 5 min. A 100 p.l aliquot 
of each aqueous phase was then carefully aspirated and 
transferred to scintillation vials containing 0.5 ml 0.1 N 
HCIO4. To each vial was added 10 ml of a toluene-based 
fluor (PPO-POPOP; ICN Radiochemicals). Samples were 
tightly capped and then vortexed for 30 s. Radioactivity 
was quantitated using an external standard with automatic 
correction for chemiluminescence (LKB instruments). 
Counting efficiency was routinely greater than 85%. 

Protein determination. In this study it was not possible to 
accurately quantitate the protein content of whole brain 
homogenates from NariS-treated animals using Hartree's 
method (1972), because of unexpected interference by sul- 
fide, resulting in increased color development. However, 
since all brains were homogenized in 10 volumes of buffer 
(w/v) and determination of protein was straightforward in 
control brain homogenates, results for NariS-derived 
brain homogenates are expressed as % of control as this re- 
presents a reasonable first-order approximation to base 
comparisons of enzyme activity. Secondly, only control 
brain homogenates were used for determining possible in- 
hibitory effects of hydrosulfide or sulfide anion in vitro 
and an aliquot of each homogenate was saved for subse- 
quent protein determination prior to the addition of any 
sulfide. 
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Statistical analysis. Catecholamine  levels in the various 
brain regions were compared  by analysis  of  var iance and 
Duncan ' s  New Mult iple  Range Test (Dowdy and Wear-  
don 1983). A p value of  less than 0.05 was considered sign- 
ificant. Changes in enzyme activity between controls  and 
Nar iS- t rea ted  animals  were compared  using the unpai red  
Student 's  t-test. The IC50 value for sulfide in vitro inhibi- 
t ion tests was calculated by probi t  analysis  (Cook 1972). 
Sulfide concentrat ions  in synaptosomal  and mi tochondr ia l  
fractions were also compared  using the unpa i red  t-test. 

Results 

No changes in catecholamine levels were seen in the cor- 
tex at either 10 m g / k g  or 30 m g / k g  N a r i S  (Table 1). In 
the cerebellum only dopamine  levels increased,  to 140% 
of  control  in response to 30 m g / k g  Nar iS ,  as shown in 
Table 1. In the other bra in  regions (the h ippocampus ,  the 
striatum, and the brainstem) noradrena l ine  and adrenal ine  
both increased at 30 m g / k g  N a r i S  as compared  to saline- 
injected controls  (Table 2). The magni tude  of  the increases 
was greatest in the h ippocampus :  268% and 356% for nora-  
drenal ine  and adrenal ine  as compared  to their respective 
control  levels. Fur thermore,  unlike in the other brain re- 
gions, a statist ically significant elevation of  h ippocampa l  
noradrena l ine  (165% of  controls) could also be demon-  
strated at the lower dose of  10 m g / k g  Nar iS .  

Brainstem increases of  noradrena l ine  and adrenal ine  
at 30 m g / k g  N a r i S  were 202% and 233%, respectively, 
when compared  to the sal ine-injected controls. In addi-  
tion, levels of  dopamine  also increased in the brainstem by 
326% as compared  to the controls. The smallest increases 
in noradrena l ine  and adrenal ine  levels (131% and 171%, 
respectively) occurred in the striatum following 30 m g / k g  
Nar iS .  The results for h ippocampus ,  brainstem and stria- 
turn are summarized in Table 2. Further  analysis of  brain- 
stem samples by an al ternative HPLC protocol  also 
showed considerable  increases in the levels of  5-hydroxy- 
t ryptamine  (383% as compared  to controls). 

In vitro inhibit ion of  monoamine  oxidase activity by 
sulfide was readily demonst rable  at concentrat ions above 
20 ~tM. Inhibi t ion was l inearly related to the logari thm of  
added  sulfide with an ICs0 of  39.1 _+3.6 ~M as determined 
by probit  analysis (Fig. 1). Determinat ion of  the sulfide 

Table I. Lack of effect of NariS treatment on catecholamine 
levels in the cortex and the cerebellum " 

Table 2. Increases in catecholamine levels in hippocampus, brain- 
stem, and striatum following NariS treatment a 

Sulfide dose 

Controls b 10 mg/kg 30 mg/kg 

Hippocampus 
Dopamine 0.81_+0.19 1.11+0.09 0.98_+0.20 
Noradrenaline 1.09+0.10 1.45_0.19 d 2.94+0.73 d 
Adrenaline 0.51 _+0.07 0.78-+0.08 1.82+0.30 d 

Brainstem c 
Dopamine 0.57-+0.06 0.60+0.04 1.85+0.25 d 
Noradrenaline 0.90-+0.13 1.25_+0.12 1.82__+0.12 d 
Adrenaline 0.43 _+ 0.03 0.62 -+ 0.05 1.26 -+ 0.08 a 

Striatum 
Dopamine 6.59-+0.48 5.40_+0.09 6.37_+0.34 
Noradrenaline 1 .78_+0.06 1.96_+0.20 2.33_+0.33 d 
Adrenaline 1.13_+0.18 1.32_+0.16 1.89_+0.52 d 

a All values given in p.g/g wet weight expressed as the mean _+ SE; 
N = 5 in each group 
h Received only saline i. p. 
c 5-HT levels in control brainstem (0.29 + 0.08 txg/g) also differed 
significantly (p <0.001, Student's t-test) from 5-HT levels at 
30 mg/kg NariS (1.11 _+0.13 ttg/g) 
d p < 0.05, compared to controls using Duncan's Multiple Range 
Test 

content of  synaptosomal  and mi tochondr ia l -enr iched 
fractions for controls and the dose of  50 m g / k g  N a r i S  is 
given in Table 3. Extrapola t ion  of  the in vivo sulfide con- 
centrat ion as measured in mi tochondr ia  to the in vitro in- 
hibit ion data  of  Fig. 1 results in an a priori  predic t ion  of  
15-20% inhibit ion of  MAO activity at the dose of  30 m g /  
kg Nar iS ,  and 40-50% inhibi t ion of  enzyme activity at the 
higher dose of  Nar iS .  However,  inhibi t ion of  MAO activi- 
ty after i.p. adminis t ra t ion of  30 m g / k g  N a r i S  could not  
be demonstrated.  Fur thermore ,  the interval between respi- 
ratory arrest and homogenizat ion  and subsequent assay 
did not appear  to be a critical factor at this dose as similar  
results were obtained with time intervals of  3 and 15 min 
(Fig. 2). At the much higher N a r i S  dose of  100 m g / k g  ap- 
proximate ly  a 47% inhibi t ion of  MAO activity could be 
demonst ra ted  (Fig. 2). Throughout  these experiments  par-  
gyline at a concentra t ion o f  5 x 10-6M,  nonetheless still 
p roduced  50-70% inhibi t ion of  MAO activity as shown in 
Fig. 2. By compar ison to in t rami tochondr ia l  sulfide con- 
tent at an N a r i S  dose o f  50 m g / k g  and the in vitro data  

Sulfide dose 

Controls b 10 mg/kg 30 mg/kg 

Cortex 
Dopamine 0.21 +0.01 0.20_+0.04 0.16--_0.03 
Noradrenaline 0.28_+0.09 0.24_+0.06 0.38_+0.14 
Adrenaline 0.17_+0.04 0.22-+0.03 0.22-+0.04 

Cerebellum 
Dopamine 0.35_+0.04 0.39___0.02 0.49+0.03 c 
Noradrenaline 2.47 _+ 0.24 2.09 + 0.26 2.07 _+ 0.32 
Adrenaline 1.20_+0.13 1.15_+0.07 1.40_+0.17 

" All values expressed as the mean + SE in ~tg/g wet weight. N = 5 
in each group 
h Received saline only 
c p <0.05 compared to controls (Duncan's Multiple Range Test) 

Table 3. Sulfide concentration within synaptosomal and mito- 
chondrial-enriched fractions of rat brain before and after 
50 mg/kg NariS a 

Sulfide (p.M) 

Controls b 50 mg/kg NariS 

Synaptosomal fraction 1.00 + 0.003 2.13 + 0.02 c 

Mitochondrial fraction 5.25 + 0.003 12.09 ___ 0.10 ~ 

Sulfide concentration expressed as IzM with N = 4 for each 
group; results given as mean + SE 
h Received saline only 
c p <0.05 
o p < 0.01 ; Student's t-test 
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Fig. 1. Inhibition of rat whole brain monoamine oxidase activity 
by sulfide in vitro. Each point represents the mean +_ SE of 4-8 
determinations. Enzyme activity for controls (no added sulfide) 
was 0.56+_0.05 nmole/mg protein/rain (mean +_ SE; N = 8) of 
deaminated product formed. The ICs0 was 39.1 + 3,6 IxM as deter- 
mined by probit analysis 

showing MAO inhibition by sulfide, it is apparent that 
there is very close agreement between measured and pre- 
dicted values for MAO inhibition. 

Discussion 

The brainstem catecholamine levels of control animals in 
this study agree closely with other recent work (Foster et 
al. 1987) and may indicate that sulfide-induced increases 
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Fig. 2. Whole rat brain monoamine oxidase activity in NariS- 
treated animals. A Control (saline-injected) and pargyline 
(5 • 10 -6 M) added in vitro; N indicated by numbers in paren- 
theses. B 30 mg/kg NariS (2 x LDs0 ) with brains homogenized 
3 or 15 min after death. C 100 mg/kg NariS (6.66 x LDs0 ) with 
brains homogenized 3 rain after death. All values expressed as 
% of control and given as mean _ SE. Control value for MAO 
activity was 0.63+0.05 nmole/mg protein/min (mean + SE; 
N = 12). * p <0.001 by Student's t-test 

in catecholamines occur in a neurochemically separate 
neuronal population. Earlier work had already suggested 
ascending adrenergic inhibitory control over brainstem 
noradrenergic cells (Astier et al. 1986). Disruption of this 
circuit by sulfide may be detrimental to the pontine and 
medullary neurons that pattern central respiratory drive 
(Segers et al. 1985). The sulfide sensitivity of these cate- 
cholaminergic neurons may be related to selective accumu- 
lation of sulfide by the brainstem (Warenycia et al. 1988) 
due to increased H2S solubility (Windholz 1976) in lipid- 
enriched brain regions. 

This study demonstrates that a dose of twice the LDs0 
of NariS markedly elevates noradrenaline and adrenaline 
levels in the hippocampus, striatum and brainstem but not 
in the cerebellum or cerebral cortex. The greatest increases 
following NariS occurred in the hippocampus, and may 
be associated with the amnesia reported following H2S in- 
toxication (Burnett et al. 1977). In the dopamine-rich stria- 
tum only noradrenaline and adrenaline were elevated. Al- 
though the effect of these increases on striatal dopaminer- 
gic neurotransmission is unknown, impairment of extra- 
pyramidal function could contribute to the apparent in- 
ability of H2S-knockdown victims to escape heavily-laden 
H2S environments (Burnett et al. 1977). 

Of greatest consequence, however, are increased brain- 
stem catecholamine and 5-HT levels following a lethal 
NariS dose since these may be directly contributory to 
loss of central respiratory drive after H2S. The major cate- 
cholaminergic nuclei are located in the brainstem, (Dahl- 
strom and Fuxe 1964), and catecholamines as well as 5-HT 
influence the respiratory rhythm (Mueller et al. 1982; 
Murakoshi et al. 1985). Increases in dopamine may have 
occurred in brainstem adrenergic neurons. Furthermore, 
in brain regions lacking an adrenergic but having a norad- 
renergic innervation (i. e., hippocampus and striatum) do- 
pamine levels remained unchanged, suggesting that the in- 
creases in brainstem dopamine levels are restricted only to 
adrenergic neurons. Isoenzyme forms of tyrosine hydroxy- 
lase have been previously postulated (Raese et al. 1977), 
thus making it possible that sulfide very rapidly affects this 
enzyme only within adrenergic neurons. 

Tyrosine hydroxylase activation by sulfide may be re- 
lated to increases in catecholamine biosynthesis seen after 
hypercarbia where intraneuronal pH changes or chemore- 
ceptor stimulation modify central catecholaminergic activ- 
ity (Davis and Carlsson 1973; Garcia DeYebenes Prous et 
al. 1977). In this regard, hydrosulfide anion may cause aci- 
dosis by inhibiting carbonic anhydrase (Klentz and Fedde 
1978), and H2S stimulates peripheral chemoreceptors (Am- 
man 1986). Higher noradrenaline or adrenaline levels 
could also be due to increased activity of either dopamine- 
[3-hydroxylase (DBH; EC 1.14.2.1) or phenylethanola- 
mine-N-methyl transferase (PNMT; EC 2.1.1.28). In- 
creased DBH activity is unlikely, since an endogenous 
DBH inhibitor that is activated by H2S has already previ- 
ously been reported (Duch and Kirshner 1971). Whether 
PNMT activity can be stimulated by sulfide has yet to be 
determined. Lastly, there is also some evidence for ancil- 
lary pathways of adrenaline biosynthesis independent of 
tyrosine hydroxylase (Foster et al. 1987). 

The rapid increases in catecholamines may be best ex- 
plained by inhibition of the degradative enzymes of mona- 
mine metabolism, either catechol-O-methyl transferase 
(COMT; EC 2.1.1.6) or monoamine oxidase (MAO; EC 
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1.4.3.4). Although C O M T  activity was not examined in the 
present study, the sensitivity of  C O M T  to suifhydryl  re- 
agents (Borchardt  1977), suggests it is susceptible to sulfide 
inhibit ion.  MAO inhibi t ion by sulfide, both in vitro and at 
a dose of  100 m g / k g  of  Nar iS ,  with an IC50 within the 
range of  mi tochondr ia l  sulfide levels, was not unexpected,  
since MAO is a mi tochondr ia l  enzyme (Nagatsu et al. 
1977). Fur thermore,  the presence of  sulfide in mitochon-  
drial  protein  fractions (Miller  1970) makes it possible that 
MAO activity in vivo may be par t ia l ly  regulated by en- 
dogenous sulfide. 

The active site of  MAO contains mult iple sulfhydryl  
groups (Yasunobu and Oi 1972), which may be vulnerable 
to persulf ide formation.  The inabil i ty  to detect MAO inhi- 
bi t ion at the lower 30 m g / k g  dose of  Nar iS ,  a dose that 
nonetheless p roduced  lethali ty as well as elevations of  
brain catecholamines,  may reflect the well-known ex- 
tremely rapid  in t rami tochondr ia l  metabol ism of  sulfide 
(Banki et al. 1986). At a 100 m g / k g  dose of  N a r i S  satura- 
t ion of  sulf ide-metabolizing capabi l i ty  has been achieved, 
leaving enough sulfide to demonst rably  inhibit  MAO ex 
vivo. Furthermore,  the results obta ined using ex vivo mea- 
surement  of  MAO activity are consistent with other studies 
(Waldmeier  et al. 1984) in that higher doses of  N a r i S  than 
used in vivo were required to demonstra te  inhibit ion.  
MAO inhibi t ion in ex vivo experiments  may be underesti-  
mated due to di lut ion of  tissue homogenates  and subse- 
quent dissociat ion of  the enzyme-inhibi tor  complex,  a 
p roblem further compounded  by the ready volati l i ty of  
H2S. 

MAO inhibit ion,  and monoamine  increases in the 
brainstem may be impor tant  in the loss of  central respira- 
tory drive after H2S exposure. The extent of  inhibit ion 
seen in vivo can be accurately correlated to the percent  in- 
hibit ion in vitro if  the dose is high enough to compensate  
for rap id  sulfide detoxif icat ion.  Although the effects of 
MAO inhibit ion on central  respiratory drive are unknown,  
MAO inhibitors such as clorgyline or deprenyl  (quoted by 
Muel ler  et al. 1982) change the dose-dependent  b iphasic  
effects of  dopamine.  It is thus noteworthy that increases in 
respiratory frequency characterize the early stages of  H2S 
intoxicat ion (Amman 1986). 

The presence of  an endogenous  brainstem sulfide level 
(Warenycia  et al. 1988) may therefore be of  impor tance  in 
neonatal  apnea syndromes as suggested by others (Mueller  
et al. 1982). Abnormal i t ies  in sulfide metabol ism could re- 
sult in altered monoaminerg ic  neurotransmission.  Addi-  
t ional  work, concentrat ing on the increased responsiveness 
of  catecholaminergic  neurons to hydrogen sulfide, and the 
effects on central respiratory drive is therefore required. 
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