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Detection of exhaled hydrogen sulphide gas in rats
exposed to intravenous sodium sulphide

Michael A Insko, Thomas L Deckwerth, Paul Hill, Christopher F Toombs and Csaba Szabo

Ikaria, Seattle, WA, USA

Background and purpose: Sodium sulphide (Na,S) disassociates to sodium (Na*) hydrosulphide, anion (HS") and hydrogen
sulphide (H>S) in aqueous solutions. Here we have established and characterized a method to detect H,S gas in the exhaled
breath of rats.

Experimental approach: Male rats were anaesthetized with ketamine and xylazine, instrumented with intravenous (i.v.)
jugular vein catheters, and a tube inserted into the trachea was connected to a pneumotach connected to a H.S gas detector.
Sodium sulphide, cysteine or the natural polysulphide compound diallyl disulphide were infused intravenously while the airway
was monitored for exhaled H,S real time.

Key results: Exhaled sulphide concentration was calculated to be in the range of 0.4-11 ppm in response to i.v. infusion rates
ranging between 0.3 and 1.1 mg-kg™-min~". When nitric oxide synthesis was inhibited with N®-nitro-L-arginine methyl ester
the amount of H,S exhaled during i.v. infusions of sodium sulphide was significantly increased compared with that obtained
with the vehicle control. An increase in circulating nitric oxide using DETA NONOate [3,3-bis(aminoethyl)-1-hydroxy-2-oxo-
1-triazene] did not alter the levels of exhaled H,S during an i.v. infusion of sodium sulphide. An i.v. bolus of L-cysteine, 1 g-kg™,
and an i.v. infusion of the garlic derived natural compound diallyl disulphide, 1.8 mg-kg™'-min~', also caused exhalation of
H,S gas.

Conclusions and implications: This method has shown that significant amounts of H,S are exhaled in rats during sodium

sulphide infusions, and the amount exhaled can be modulated by various pharmacological interventions.
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Introduction

Hydrogen sulphide (H.S) is a colourless and flammable gas
with the characteristic smell of rotten eggs. It dissolves well in
water. Aqueous solutions of H,S are unstable as a result of the
reaction of sulphide with O,. For many decades, H,S received
attention as a toxic gas and as an environmental hazard
(Reiffenstein et al., 1992). H,S is produced in large quantities
when sulphur-containing proteinaceous materials undergo
putrefaction. H,S, therefore, is also referred to as ‘swamp gas’
or ‘sewer gas’. More recent work, however, has identified H,S
as a gaseous biological mediator that is produced in mamma-
lian organisms and human bodies. H,S is synthesized endog-
enously by a variety of mammalian tissues by two pyridoxal-
5’-phosphate-dependent enzymes responsible for metabolism
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of L-cysteine, cystathionine beta-synthase and cystathionine
gamma-lyase. The substrate of cystathionine beta-synthase
and cystathionine gamma-lyase, L-cysteine can be derived
from alimentary sources or can be liberated from endogenous
proteins (Wang, 2003; Fiorucci et al., 2006; Szabo, 2007; Li
and Moore, 2008).

H,S affects fundamental biological functions including life
span and survival under severe hypoxic conditions (Black-
stone and Roth, 2007; Miller and Roth, 2007). Recent studies
have also demonstrated that in many pathophysiological
conditions, intravenous (i.v.) or oral administration of various
formulations or precursors of H,S are of therapeutic benefit
(overviewed in Szabo et al., 2007; Wallace et al., 2007). Animal
models of pathophysiological conditions where H,S has been
shown to be of therapeutic benefit include myocardial infarc-
tion (Sivarajah et al., 2006; Elrod et al., 2007; Zhu et al., 2007;
Rossoni et al., 2008; Sodha et al., 2008), acute respiratory dis-
tress syndrome (Esechie et al., 2008), colitis (Fiorucci et al.,
2007), pancreatitis (Bhatia et al., 2008) and gastric ulceration
(Wallace et al., 2007).
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When administered systemically, sulphide donors or pre-
cursors can convert into hydrogen sulphide gas, and this gas
can be absorbed via the lung into the circulation. Hence, we
have investigated the ability of intravenously administered
hydrogen sulphide donors to induce exhalation of hydrogen
sulphide. In our studies we have used IK-1001 (sodium sul-
phide for injection), a parenteral injectable GMP formulation
of H,S (Szabo, 2007). This material has recently been used in
many experimental studies to characterize the pharmacologi-
cal effects of H,S in vitro and in vivo (Elrod et al., 2007; Jha
et al., 2008; Kiss et al., 2008; Simon et al., 2008; Sodha et al.,
2008). In order to pharmacologically explore the contribution
of the arterial and venous vascular beds to the clearance
of hydrogen sulphide, we have also compared the effect of
intra-arterial versus i.v. injection of IK-1001 on the amount
of exhaled H,S gas. We also investigated the relationship
between sulphide and nitric oxide (NO) by determining
whether inhibition of NO synthase or donation of NO affects
the exhalation of H,S gas during an i.v. infusion of sodium
sulphide. Finally, we investigated whether administration of
cysteine, the precursor of hydrogen sulphide biosynthesis,
or diallyl disulphide (DADS), a garlic-derived natural poly-
sulphide compound, produces a detectable change in the
concentration of hydrogen sulphide exhaled.

Methods

Detection of exhaled hydrogen sulphide (H,S)

A RM17-5.0m or RM17-1000b hydrogen sulphide detector
was used to monitor levels of H,S. The RM17-5.0m detector
has a high range of 5 parts per million (ppm), and the lower
limit of quantitation (LLOQ) is 1% of full range, which is
0.05 ppm [or 50 ppb (parts per billion)]. The range for the
RM17-1000b is 10-1000 ppb. The detector’s analogue outputs
will produce O mV with no H,S present and 100 mV with
S ppm or 1000 ppb present with a linear response respec-
tively. A PowerLab16/30 was used to convert the mV signal
into ppm or ppb and display the levels in real time. To deter-
mine the response time of the sensor a 5 ppm calibration gas
was connected to through a side port of the pneumotach, and
the response was recorded for over 5 min.

Animal model of IK-1001 administration

Male Sprague Dawley or CD-1 IGS rats (Charles River,
Wilmington, MA, USA) weighing 250-300 g with indwelling
jugular vein catheters were given an intraperitoneal (i.p.)
injection of a ketamine/xylazine mixture (72 mg-kg' ket-
amine, 23 mg-kg™' xylazine) and once under a surgical plane
of anaesthesia were intubated and placed on a warming pad.
The intubation tube was connected to a Model 8420B heated
pneumotach, coupled to a spirometer (model ML141) to
measure airway flow; respiratory rate was calculated from this
as well. A side port of the pneumotach was connected to the
H,S detector and expired air was sampled continuously at
a rate of 500 mL-min™'. A bioamp (model ML132) and three
needle electrodes were used to monitor EKG, and heart rate
(HR) was calculated from the EKG trace. A PowerLab was used
for all data collection, and the following parameters were all
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measured in real time: H,S concentration (ppm or ppb),
airway flow (mL-s™), tidal volume (mL), respiratory rate
(bpm) and HR (bpm). IK-1001 was administered by using an
infusion pump at rates of 0.2, 0.3, 0.4, 0.6, 0.8, 0.9 and
1.1 mg-kg"min™ (n=5 per cohort). Fach infusion lasted
for 5 min.

To determine if pre-administration of a NO inhibitor,
Ne¢-nitro-L-arginine methyl ester (L-NAME) or NO donor 3,3-
bis(aminoethyl)-1-hydroxy-2-oxo-1-triazene, DETA NONOate
(DETA) affected the levels of exhaled hydrogen sulphide a
10 mg-kg™' i.v. bolus of L-NAME, 4 mg-kg™ i.v. bolus of DETA
or vehicle was given prior to administration of IK-1001 at
infusion rates of 0.4 and 0.6 mg-kg'-min! (n =5 per cohort).

To determine if cysteine would cause an exhalation of H,S
gas, L-cysteine was given as an i.v. bolus at 1 g-kg™? (n=35). A
bolus was chosen instead of an infusion because the i.v. LDs
of cysteine in a rat is 1.140 g-kg”' (MSDS; Sigma-Aldrich,
2006).

To evaluate the effect of the garlic-derived natural com-
pound DADS on exhaled sulphide levels, an i.v. infusion of
1.8 mg-kg '-min' was administered for 3 min, and exhaled
H,S was monitored as described above (1 = 5).

Animal model of haemodynamic evaluation

Inhibitors of NO synthesis (L-NAME) and NO donors (DETA)
can affect haemodynamics, and a change in mean arterial
pressure (MAP) or pulmonary arterial pressure (PAP) may
affect the amount of exhaled H,S. We measured the effect of a
10 mg-kg™! i.v. bolus of L-NAME or 4 mg-kg™ i.v. bolus of
DETA on baseline levels of MAP as well as PAP. Furthermore
any changes that occurred when a 0.4 mg-kg '-min™' i.v. infu-
sion of IK-1001 was administered to these L-NAME- or DETA-
pretreated animals was monitored. MAP was measured in
ketamine/xylazine-anaesthetized rats by using a fluid-filled
catheter inserted into the carotid artery. PAP was measured in
anaesthetized rats that were mechanically ventilated with a
rodent ventilator (model 683). The chest was opened, and a
solid phase Mikro-Tip catheter was inserted into the heart,
through the right ventricle into the pulmonary artery.

Calculation of exhaled H,S

The Data Pad function of Chart 5 Pro (v5.5.5) was used to
calculate the total volume of air, total ppm of H,S gas col-
lected based on the integrals of the flow recording and H,S
recording respectively. Data collection for analysis started
at least 2 min after the infusion started taking into con-
sideration the sensor response time. The sampling rate of the
detector (500 mL-min™) greatly exceeded the minute respira-
tion of the rats, and after correcting for this sample dilution
the average concentration of sulphide exhaled per breath was
calculated.

Statistical analysis

All values are presented as mean = SEM with n representing
the number of experimental observations per cohort. Statis-
tical analysis was performed by using an unpaired t-test with
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GraphPad Prism Version 5.00 statistical software. Probability
values of P < 0.05 were considered statistically significant.

Materials
Hydrogen sulphide detector, Interscan (Chatsworth, CA,
USA); PowerLab16/30, spirometer, bioamp and Chart 5 Pro
(v5.5.5), ADInstruments (Colorado Springs, CO, USA); cali-
bration gas, MESA Specialty Gases & Equipment (Santa Ana,
CA, USA); heated pneumotach, Hans Rudolph (Shawnee, KS,
USA); infusion pump and rodent ventilator, Harvard Appara-
tus (Holliston, MA, USA); Mikro-Tip catheter, Millar Instru-
ments (Houston, TX, USA).

L-NAME, DETA and L-cysteine, Sigma (St. Louis, MO, USA);
DADS, LKT Laboratories (St. Paul, MN, USA).

Results

H,S sensor response

The instrument records near maximum value (>95%) within
the 90s of gas exposure at which point a steady state is
reached. Following the end of gas flow, the decline in H,S
levels are rapid, values were less than 5% of maximum value
(0.250 ppm) within 1 min. In order to obtain an accurate
reading of the H,S concentration, we monitored exhaled gas
concentrations for at least 2 min.

Effect of an i.v. infusion of IK-1001 on exhalation of H,S gas
Intravenous infusions of IK-1001 at rates between 0.3 and
1.1 mg-kg"-min™ caused a dose-dependent exhalation of H,S
(Figure 1). The lowest dose tested, 0.2 mg-kg'-min™, did not
elevate H,S above the 50 ppb LLOQ. Infusion rates between
0.8 and 0.9 mg-kg'-min! caused some transient physiological
changes: slight increases in HR, and a significant elevation of
respiratory rate for the 0.9 mg-kg'-min™ cohort (P < 0.05),
which resolved when the infusion ended, while infusion rates
of 1.1 mg-kg"-min™" caused similar but more severe reactions
(Table 1). Within seconds following the start of IK-1001
administration, H,S levels became detectable and after
approximately 1-2 min the amount of exhaled H,S reached a
steady state. The drop in H,S exhalation following the end of
the infusion was immediate (Figure 2).

Effect of intra-arterial infusion of IK-1001 on exhalation

of H,S gas

When IK-1001 was given intra-arterialy (i.a.), exhaled H,S gas
was detected, but at levels much lower than that was observed

with i.v. infusions at the same rates. No H,S was detected at
0.2 mg-kg-min™', and only one animal out of four at 0.3 or
0.4 mg-kg"'min~' produced H,S above the LLOQ (data not
shown).

Effect of L-NAME or DETA pretreatment on the exhalation

of H,S gas in response to i.v. infusions of IK-1001

Intravenous infusions of IK-1001 at 0.4 and 0.6 mg-kg "-min™’,
in vehicle-, L-NAME- and DETA-pretreated animals caused
a dose-dependent exhalation of hydrogen sulphide. The
concentration of H,S exhaled in animals pretreated with
10 mg-kg"' L-NAME was significantly elevated for both
the 0.4 mg-kg*-min™? cohort (P<0.05 vs. vehicle) and
0.6 mg-kg-min™ cohort (P<0.001 vs. vehicle) (Figure 3),
while the concentration of H,S exhaled in DETA-pretreated
animals was similar to that in the vehicle-pretreated animals
(Figure 4).

Haemodynamic changes following L-NAME or DETA
pretreatment

A 10 mg-kg" iv. bolus of L-NAME elevated MAP from
120 = 16 to 152 + 10 mmHg (P < 0.01), while PAP and HR
did not significantly change. A 4 mg-kg™ i.v. bolus of DETA
decreased MAP from 124 = 7 to 87 £ 5 mmHg, PAP and HR
did not significantly change. A 2 min infusion of IK-1001 at
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Figure 1 H.S exhaled (per breath) during a 5 min i.v. infusion of

IK-1001. Values are mean * SEM; n=5 per cohort.

Table 1 Animal physiology recordings during i.v. administration of 1K-1001

IK-1007 dose Average H,S Tidal volume Maximum airway Heart rate Respiratory rate
(mg-kg™"-min”') exhaled (ppm) (mL) flow (mL-s7") (bpm) (bpm)

0.3 0.40 = 0.10 1.34 = 0.19 10.14 + 0.39 245+ 8 66 + 5

0.4 0.54 = 0.09 1.56 +0.13 10.32 £ 0.73 244 + 6 83*7
0.6 1.98 £0.38 1.40 = 0.20 10.33 = 0.41 247 =7 705

0.8 3.77 £ 0.31 1.77 £ 0.11 10.08 + 0.85 248 =8 94 = 4
0.9 7.77 =1.26 1.99 = 0.34 9.79 £ 0.40 247 £ 6 101 =13
1.1 10.57 = 0.99 1.94 +0.13 9.48 = 0.62 263 = 14 1027

Animals receiving IK-1001 (0.9 and 1.1 mg-kg™"-min~") had a significant increase (P < 0.05) in respiratory rate compared with the lowest dose cohort. Values are

mean *= SEM; n=5 per cohort.
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Figure 2 Graphical representation of the original Chart recordings indicating that H,S exhalation begins immediately following the start of
an infusion of IK-1001 and declines rapidly following the end of the infusion. The infusion rate of IK-1001 for this rat was 0.6 mg-kg™"-min".
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Figure 3 H,S exhaled (per breath) during an i.v. infusion of IK-1001
at rates of 0.4 or 0.6 mg-kg™"-min~" in animals pretreated with an i.v.
bolus of 10 mg-kg”" L-NAME (N°-nitro-L-arginine methyl ester).
Values are mean + SEM. *P < 0.05 versus vehicle, ***P < 0.001 versus
vehicle; n=5 per cohort.

0.4 mg-kg'-min™, started within 5 min of either L-NAME or
DETA pretreatment, did not significantly alter MAP or HR;
however, there was a significant increase (P < 0.05) in PAP
from 15 = 2 to 25 = 3 mmHg (at the end of the infusion) in
animals pretreated with L-NAME (Figure 5), but no change
in PAP in DETA-pretreated animals.

Effect of L-cysteine administration on exhalation of H,S gas
When L-cysteine was given as an i.v. bolus at a dose of
1 g-kg', exhalation of H,S was observed, and the pattern
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Figure 4 H,S exhaled (per breath) during an i.v. infusion of IK-1001
at rates of 0.4 or 0.6 mg-kg™'-min~" in animals pretreated with an i.v.
bolus of 4 mg-kg”' DETA (3,3-bis(aminoethyl)-1-hydroxy-2-oxo-1-
triazene). Values are mean * SEM; n=5 per cohort.

of exhalation was a gradual rise and fall that persisted over a
3-5 min period, the highest level exhaled per breath was
0.89 = 0.34 ppm H,S.

Effect of the garlic-derived natural polysulphide compound,
diallyl disulphide on exhalation of H,S gas

The exhalation of hydrogen sulphide gradually rose through-
out the 1.8 mg-kg'min' 3 min infusion of DADS and
reached a maximum level of 0.23 = 0.03 ppm per breath at
the end of the infusion. The levels of exhaled H,S started to
decline immediately following the end of the infusion.
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Figure 5 Mean pulmonary artery pressure in rats pretreated with 10 mg-kg™' L-NAME (N®-nitro-L-arginine methyl ester) or vehicle, before,
during and following an infusion of IK-1001, 0.4 mg-kg™"-min~'. The start and end lines indicate the beginning and end of the infusion of

IK-1001. Values are mean + SEM; n=>5 per cohort.

Discussion

It is known that an i.v. bolus injection of sodium bicarbonate
induces a transient increase in PaCO, and end tidal CO,
(Fanconi etal.,, 1993; Okamoto etal., 1994). Bicarbonate
(HCO3) is in equilibrium with dissolved carbon dioxide
(CO,). Under acidic conditions sodium sulphide (Na,S) would
dissociate to the sodium (Na*) and the hydrosulphide anion
(HS"), which then forms hydrogen sulphide gas. Initially we
observed that when low doses of IK-1001 were administered
to large animals we could smell H,S emanating from the
animals’ nose (E.A. Wintner and C. Szabo, unpubl. obs.). The
estimated odour threshold of H,S for humans is in the range
of 3-20 ppb (Glass, 1990; Reiffenstein et al., 1992; Hirsch and
Zavala, 1999 ). To further characterize this finding we bubbled
expired air from a rat, which had been given an i.v. bolus of
IK-1001, into sulphide antioxidant buffer and detected H,S
concentrations in the buffer using a silver/sulphide electrode.
This confirmed that sulphide was being exhaled following an
i.v. bolus of IK-1001 (M.A. Insko, P. Hill and C.T. Toombs,
unpubl. obs.). Because of these observations, we set up the
present experimental system to systematically measure and
quantify exhaled H,S concentrations in the rodent. The lower
limit of detection is approximately 10-50 ppb (depending on
the sensor), which provided sufficient sensitivity to conduct
the current studies. We postulate that appropriate modifica-
tions of the present system may provide a method for moni-
toring exhaled sulphide levels in humans in health and
disease, as well as before, during and after the administration
of therapeutic sulphide-releasing or sulphide-containing
compounds.

Components of the oral bacterial flora can produce H,S,
and this gas has been characterized as a potential contribu-
tor to halitosis (oral malodour) (e.g. Washio efal., 2005).
Studies of hydrogen sulphide toxicology indicate that expo-
sure to high doses of hydrogen sulphide may or may not
contribute to exhalation of H,S gas. For instance, when
sodium sulphide at 0.1, 0.25 and 0.32 mmol-kg" body
weight was administered intraperitoneally to mice, no
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exhaled sulphide was detected (Susman et al., 1978). Petrun
(1966) observed that when the skin of rabbits was exposed
to hydrogen sulphide at concentrations of 700 and
1400 ppm, trace amounts of hydrogen sulphide were found
in the exhaled air of the rabbits. No quantitative informa-
tion was given in these reports. Based on case reports, in
environmental documents it is frequently stated that
exhaled H,S can be detected in victims of H,S gas exposure
(Strickland et al., 2003). More relevant from a pharmacologi-
cal and experimental therapeutic standpoint are the studies
of Morselli-Labate etal. (2007), who observed that an
increase in exhaled H,S can be measured in the exhaled
breath of patients with chronic pancreatitis. In the current
study we have demonstrated that i.v. administration of
sodium sulphide results in a significant and dose-dependent
increase in exhaled hydrogen sulphide gas. Interestingly, the
doses of IK-1001 resulting in hydrogen sulphide being
detected in the exhaled air are in the same range (0.3-
1 mg-kg") as those previously demonstrated to be thera-
peutically effective in a variety of animal models of disease
(overviewed in Szabo, 2007). It was not surprising to note
that the fraction exhaled during an arterial infusion was
lower than with an i.v. infusion. With an arterial infusion,
IK-1001 would travel systemically through remote capillary
beds before coming to the lungs and being exhaled, while
an i.v. infusion of IK-1001 would encounter the lungs first.
The pattern of H,S gas expired is also different between the
i.v. and the i.a. infusions. When given i.v. it may reach a
steady state much more quickly than when given i.a., which
may indicate a rapid half-life of IK-1001 and that it is
degraded in the systemic circulation before arriving at the
lungs. The duration of exhaled H,S observed in the current
studies is short, as evidenced by the rapid return of exhaled
H,S levels to baseline after discontinuation of parenteral
IK-1001 administration. This observation is consistent with
short half-life of hydrogen sulphide in vivo (Reiffenstein
et al., 1992; Whitfield et al., 2008; Bengtsson et al., 2008).
As various interactions and crosstalks between the NO and
hydrogen sulphide pathway have been postulated (Ali et al.,



2006; Whiteman et al., 2006), we examined whether pharma-
cological inhibition of NO biosynthesis with L-NAME affects
the levels of exhaled H,S gas in our experimental set-up. The
dose of L-NAME used has previously been shown to induce
significant increases in mean arterial blood pressure due to
inhibition of tonic NO production and to reduce blood flow
to various organs (Gardiner et al., 1990; Van Gelderen et al.,
1991). Our results clearly demonstrate that after pretreatment
with L-NAME the amount of exhaled H,S gas increases. There
may be several reasons for this effect, including an effect
related to changes in pulmonary artery pressure. Indeed, our
direct measurements demonstrated that after L-NAME pre-
treatment (but not in the absence of L-NAME), sodium sul-
phide infusion produces a significant increase in PAP. Hence,
it is possible that this effect may alter the amount of sulphide
exhaled via the lung. Another possibility is that NO interacts
with the H,S: several studies have demonstrated that NO and
H,S react with each other and form a relatively stable nitro-
sothiol compound (Whiteman et al., 2006). It is conceivable,
therefore, that when endogenous NO synthesis is inhibited,
this ‘buffering’ capacity of NO is diminished, and therefore an
increase in biologically available H,S is present, which, in
turn, produces more H,S in the exhaled air. Interestingly,
while inhibition of endogenous NO synthesis enhanced the
amount of exhaled hydrogen sulphide, infusion of excess NO
did not affect the amount of exhaled hydrogen sulphide,
possibly indicating that the availability of NO is not the
rate-limiting step in this reaction. Further studies are needed
to elucidate the exact mechanism of the NO/hydrogen sul-
phide interaction. It is well established that endogenous NO
biosynthesis is diminished in a variety of pathophysiological
conditions including atherosclerosis and diabetes (Ignarro,
2000; Liaudet et al., 2000; Soriano et al., 2001). Furthermore,
increased oxidative stress (which is also a common feature of
many cardiovascular diseases) (Pacher et al., 2007; Szabo et al.,
2007) can also enhance the degradation of biologically active
sulphide (Whiteman et al., 2004; Mitsuhashi et al., 2005).
Hence, it would be of interest to evaluate whether biological
availability of H,S and/or the amount of exhaled H,S gas is
altered in these pathophysiological states.

Cysteine is an endogenous precursor of H,S biosynthesis.
Although cysteine is probably not the rate-limiting factor
in the biosynthesis of H,S, it has been shown, in vitro, that
administration of cysteine to cells in culture can produce
biological responses that are consistent with increased H,S
biosynthesis (Yang et al., 2005). Here we tested whether a high
dose of intravenously administered cysteine can induce
a detectable amount of exhaled H,S in the rat. Cysteine
(1 g-kg™") produced a detectable amount of H,S (approxi-
mately 1 ppm). However, this amount is relatively small; the
amount of exhaled H,S in response to 1 g-kg™' cysteine was
approximately 10 times lower than the amount of exhaled
H,S in response to 1.1 mg-kg™ sodium sulphide. Given the
molecular weights of cysteine and sodium sulphide (121 and
78 respectively), we estimated that on a molar basis, conver-
sion of cysteine to H,S gas is approximately 600 times less
efficient than H,S gas release after an intravenous sodium
sulphide dose.

Recent studies by Kraus et al. have established that certain
natural garlic-derived polysulphides react with glutathione in
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vitro and in vivo and yield hydrogen sulphide. This H,S has
been attributed to importantly contribute to the
vascular effects of garlic (Benavides et al., 2007). Subsequent
studies have attributed some of the cardiovascular protective
effects of garlic extracts or garlic components to the produc-
tion of H,S in vivo (Chuah et al., 2007; Shaik et al., 2008). In
the present study, we demonstrated that H,S is eliminated
through the lungs after administration of a typical garlic-
derived polysulphide compound DADS, thereby directly dem-
onstrating the formation of H,S in vivo in animals subjected
to DADS.

In summary, the main conclusions from our results are:
(i) significant amounts of exhaled H,S can be measured in
response to intravenously administered sodium sulphide; (ii)
the amount of H,S exhaled is significantly increased when
endogenous NO synthesis is inhibited by the NO synthase
inhibitor L-NAME,; (iii) the amount of exhaled H,S is unaf-
fected when endogenous NO levels are enhanced by the infu-
sion of a NONOate compound; (iv) the amino acid precursor
of endogenous H,S biosynthesis induces a slight increase in
the concentration of exhaled H,S; and (v) the endogenous
polysulphide DADS increases the amount of H,S exhaled.
Further studies are needed to determine the mechanisms
of the regulation of exhaled H,S induced by biological
and pharmacological factors in health and disease. The effect
of changes in the function and expression of sulphide-
detoxifying enzymes (Ramasamy et al., 2006) on the biologi-
cal activity and amount of exhaled H,S in health and disease
needs to be explored. Given the fact that the endogenous
production of H,S can be altered in various pathophysiologi-
cal conditions (e.g. up-regulation of H,S producing enzymes
can occur in various forms of inflammation: Tamizhselvi
et al., 2007), it would be interesting to evaluate the possibility
of using exhaled H,S as a diagnostic measurement.
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