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Methionine derivatives diminish sulphide damage
to colonocytes implications for ulcerative colitis
-

Abstract
Background-Bacterial production of
anionic sulphide is increased in the colon
of ulcerative colitis and sulphides can
cause metabolic damage to colonocytes.
Aims-To assess the reversal of the damaging effect of sulphide to isolated colonocytes by methionine and methionine
derivatives.
Methods and subjects-Isolated colonocytes were prepared from rat colons and 12
human colectomy specimens. In cell suspensions 14CO2/acetoacetate generation
was measured from [1-14C]-butyrate (5.0
mmol/l) in the presence of 0-2.0 mmol/l
sodium hydrogen sulphide. The effect of
5.0 mmol/l L-methionine, S-adenosyhmethionine 1,4 butane disulphonate and DLmethionine-S-methylsulphonium chloride
on sulphide inhibited oxidation was
observed.
Results-In rat colonocytes sodium hydrogen sulphide dose dependently reduced
oxidative metabolite formation from nbutyrate, an action reversed in order ofefficacy by S-adenosylmethionine 1,4 butane
disulphonate>DLmethionine-S-methylsulphonium chloride>L-methionine. In
human colonocytes S-adenosylmethionine
1,4 butane disulphonate most significantly
improved 14C02 production (p=<0.005)
suppressed by sodium hydrogen sulphide.
Conclusion-Sulphide toxicity in colonocytes is reversible by methyl donors. The
efficiency of sulphide detoxification may
be an important factor in the pathogenesis
and treatment of ulcerative colitis for
which S-adenosylmethionine 1,4 butane
disulphonate may be of therapeutic
value.

The injurious potential of sulphur species
in the colon was initially deduced from
the ability of sulphated dextrans but not
dextrans without sulphur to induce experimental colitis and colon cancer.18 19 From a
number of sulphur containing agents, sulphides proved most injurious to isolated
human colonocytes20 by a mechanism proposed in part to be due to persulphide formation of activated SCFAs.21 Additional
studies in humans showed that luminal
sulphide concentrations in ulcerative colitis
exceed that of control patients22 and that
ulcerative colitis patients produce more sulphide from fermentative substrates compared
with control patients.23 A role for sulphide in
the causation of ulcerative colitis therefore
seemed possible.
Protective mechanisms against the damaging
effect of luminal sulphide exist in colonocytes.
Methylation of sulphide24 25 leads to the less
toxic derivatives methanethiol and dimethylsulphide,20 an action facilitated by thiol methyltransferases acting on S-adenosylmethionine
(SAM) for which methionine is a precursor.26
Thiol methyltransferase activity is high in
human colonocytes24 25 and methionine has
been shown in preliminary rat experiments to
be protective against the impairment of acute
oxidative damage induced by sulphides in
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colonocytes.21
The aim of this study was to assess the
remedial effect of methionine and methionine
derivatives on suppression of oxidative metabolism produced by sulphides in rat and human
colonocytes. The findings with sulphides and
methionine are related to the disease process of
ulcerative colitis.

Chemicals and reagents
Sodium n-butyrate was obtained from BDH
(Melbourne, Australia) and sodium hydrogen
sulphide (NaHS) from Ajax Chemicals
Anionic sulphur (SH- also termed sulphide) (Sydney, Australia). L-Methionine was from
together with protein thiols and other sulphur Calbiochem (San Diego, USA). S-adenosylspecies are essential for anaerobic bacteria of the methionine 1,4 butane disulphonate (SAMe),
fermentative organs to maintain anaerobiosis1 2 a stable salt of SAM was a gift from
and ensure production of short chain fatty BioResearch Spa, Milan, Italy. DL-methionacids.3-5 Most sulphide in the colon is produced ine-S-methyl sulphonium chloride (MMC)
by the anaerobic sulphate reducing bacteria, was obtained from Sigma, North Ryde,
which require sulphate6 to facilitate removal of Sydney. [1-14C]n-Butyrate was obtained from
hydrogen produced by anaerobic bacteria in the DuPont-NEN Research (North Sydney,
colon,7-9 a process in which methane producing Australia). Enzymes and co-factors for enzybacteria act competitively.10-2 The source of matic estimation of metabolites were obtained
colonic sulphur is either ingested sulphate13 or from Boehringer Corporation (North Ryde,
sulphur extracted transmucosally from the cir- Australia) and Sigma Chemical Co (St Louis,
culation by the intestine.21'7
MO, USA).
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Metabolic and radiochemical analysis of
colonocytes
Acetoacetate concentrations were measured
enzymatically according to Bergmeyer29 from
neutralised extracts of cells. Standards were
included in each assay to ensure control
between assays. The effect of NaHS on
metabolite analysis was checked. No adverse
or synergistic reactions were detected. 14C02
was trapped in 0.5 ml of 2 M NaOH injected
into the centre well immediately after cell
proteins were precipitated with perchloric acid.
Flasks were gently shaken on ice for 1 1/2 hours,
and 0.1 ml of the solution was added to 5 ml of
scintillant as previously described.20 Samples
were counted in a Beckman scintillation
counter (Beckman Instruments, Irvine, CA),
and counts were corrected for non-specific
activity or volatility of the fatty acid n-butyrate.

Expression of results and statistics
Formation of metabolites by colonocytes was
expressed per gram dry weight rather than unit
colonocytes
of
Experiments were conducted with isolated protein, DNA or number of cells because procolonocytes freshly harvested and incubated duction of hydrated mucus is variable and
leads to clumping of cells. Dry weight of cells
within 30 minutes of collection.
Isolated cells were prepared and assessed as was obtained by drying 1 ml of suspension to
previously described20 with the exception that constancy at 100°C and corrected for the dry
dithiothreitol was omitted. Colonocytes main- weight of albumin contained in the medium.
tained a linear rate of substrate oxidation for 14C02 generation from fatty acid was calcu60 minutes and no change in metabolic lated from the specific activities and trapped
generation was seen with the addition of 14C02 in sodium hydroxide.
Observations were obtained from the same
antibiotics. L-Methionine, SAM, MMC, and
NaHS were freshly prepared in distilled water tissue on which parallel experiments were performed and these were subjected to Student's
before incubation.
Cells suspensions, 1 ml representing 5-14 m paired t test, the 0.05 probability level was
dry weight of epithelial cells, were incubated for taken to mean a significant difference in obser40 minutes in conical flasks equipped with a vations.
glass centre well and stoppered with Suba-seals
(William Freeman, UK). The gas phase was 02
and CO2 (19: 1, vol/vol). Incubations were per- Results
formed at 37°C in 1 ml of physiological saline Sodium hydrogen sulphide acting on colonocontaining 2-5% (wtlvol) bovine serum albu- cytes of the rat dose dependently reduced CO2
min and n-butyrate concentration of 5 mmol/l and acetoacetate production from n-butyrate
in all experiments. The specific activity of [1- (Table I) suggesting a global effect on fatty
14C] n-butyrate was 1900 counts per minute acid oxidation. L-methionine and the two
(cpm)/,umol. Incubation of NaHS at concen- methionine derivatives, SAMe and MMC,
trations of 0.5 to 2-0 mmol/1 was performed significantly improved P oxidation, that is both
simultaneously with radioactively labelled 14C02 and acetoacetate formation, affected by
substrate. The incubation was stopped by hydrogen sulphide particularly at concentraadding 0.5 ml of 10% perchloric acid, and the tions of 1-0 mmoIl and higher (Table II). The
protein precipitate was centrifuged after cool- improvement in P oxidation brought about was
ing with ice. The supernatant was neutralised in the order of SAMe>MMC>L-methionine.
Human colonocytes collected from the proxto pH 7.4 with 20% potassium hydroxide.
by isolated rat colonocytes from [1-'4C]-butyrate in the presence of NaHS
and methionine derivatives. Mean (SEM) offive experiments each comprising pooled cells from four rats

TABLE I Production of '4CO2 and acetoacetate

Metabolite formation (,mollminlg dry wt)

Conditions
n-Butyrate (5 mmolA)

IPresence of NaHS (mmol/l)
0.5
0

Additive
Nil

'4CO,

acetoacetate

L-methionine

14CO2
acetoacetate

SAMe

14CO,
acetoacetate

MMC

14C0,

acetoacetate

2-25
2-85
2-22
2-62
2-08
2-57
2-15
2-07

(0.26)4

1-76 (0.24)4
(0.23)*t 2-58 (0-18)*
1-87 (0.26)
(0.29)
2-90 (0-39)
(0-44)
1-69 (0.23)
(0.32)
2-30 (0.42)
(0.38)
1-65 (0.20)
(0-31)
2-42 (0,32)
(0.33)

1.5

10

1-09
2-08
1-41
2-55
1-37
2-07
1-61
2-59

(0.38)11
(0-21)t1
(0.24)11
(0.27)¶
(0.27)11
(0.23)§
(0.23)11
(0.39)¶

0-68 (0.20).
1-30 (0 25)
1-34 (0.24)
2-58 (0-38)
1-36 (0.22)
2-14 (0.34).
1-17 (0-21)
2-14 (0-41)

2-0
0-20 (0.06)
0-38 (0.09)
0-89 (0.24)
1-65 (0-38)
1-28 (0.27)
2-39 (0.32)
1-20 (0-21)
2-09 (0.35)

Student's paired t test: *NS, tp<00 1 and *p<O-001 compared with no NaHS. §NS, 1lp<O0 1, and ¶p<0025 compared with
1-00 mmol/l NaHS alone. 'p<001 compared with 1-5 mmol/l NaHS alone.
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Tissue collection
Sprague Dawley rats were kept on a balanced
diet and timed diurnal cycle in the Animal
Houses of the University of Adelaide. Animals
of the male sex between 200 and 250 g were
used in the fed state and cells prepared from
the entire colon constituting proximal and
distal segments. Animals were killed by
stunning/cervical fracture and the isolated
colon flushed clear of luminal contents with
140 mmol/l NaCl. Isolated colonocytes were
prepared as outlined previously.27 28
For human colonocytes segments of colon
were obtained and prepared in an identical
manner to that previously described.20 Mucosa
was obtained either from the ascending colon
(proximal colon) or mid-descending colon to
mid-rectum (distal colon) from 12 patients.
Approval for experimentation was given by the
ethics committees of The Queen Elizabeth
Hospital and the University of Adelaide.
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TABLE II Production of acetoacetate by isolated human colonocytes of distal colon from
[1-'4C] butyrate in presence of NaHS and methionine derivatives. Mean (SEM) of six
specimens
Acetoacetate formation (,umolJmin/g dry wt)

Additive

NaHS (mmol/l)
0

1.0

2-0

Nil
L-methionine (5 mmol/)
SAMe (5 mmol/l)

2-37 (0.45)*
2-18 (0.35)
1-72 (0 32)*

1-89 (0O55)t
2-05 (0.32)
1-68 (0O38)t

0.53 (0 1)t§
1-65 (0.614)
1-61 (0.28)§

n-Butyrate (5 mmol/l)

Student's paired t test: *tNS, ip<0 05, §p<0-025 compared with NaHS alone.

imal and distal colon exposed to sodium hydrogen sulphide showed a linear reduction in CO2
production from n-butyrate and at all observed
concentrations L-methionine significantly
improved CO, production in colonocytes
exposed to SH- (Fig 1). In these experiments
comparison between methionine, SAMe, and
MMC were not carried out nor was acetoacetate formation evaluated. These findings led
to further experiments with human colonocytes
with regionality of the colon a main consideration. Colonocytes from the distal colon showed
that 2 mmol/l NaHS reduced butyrate derived
'4CO2 production (mean (SEM)) from 1-31
(0 23) to 0.38 (0.18) ,umoWlmin/g (dry weight),
which was increased to 0.99 (0.2) by 5 mmoYl
of SAMe (Fig 2). Acetoacetate production was
also improved by SAMe and methionine
(Table II). SAMe was significantly better
(p<00 1) than L-methionine in improving CO2
production from butyrate by impaired human
colonocytes (2.0 mmol/l NaHS).

Discussion
The relation between the concentration of
hydrogen sulphide and suppression of CO2
1.5 r

1.5
t
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\
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Figure 1: The rate of 14C02 production from [1-14C]butyrate from isolated colonocytes of six human colons
(three proximal colon, three distal colon) exposed to NaHS
(o) or NaHS with L-methionine, 5 mmol/l (A) Student's
paired t test at 0.5 mmol/l NaHS=p<0 001 and all higher
concentrations of NaHS.

O

Figure 2: Production of 14C02 by isolated human
colonocytes of distal colon from [1-14C]-butyrate in
presence of NaHS and methionine derivatives. Mean
(SEM) of six cases. Student's paired t test: *p= <0 01
compared with control; tp =NS compared with no
additives at 1 0 mmol/l NaHS; and at 2-0 mmol/l NaHS
tp= <0 05 compared with no additives, 5p = <0. 01
compared with L-methionine, and IIp= <0 005 compared
with no additives.
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Conditions

production from n-butyrate by colonocytes of
humans is now shown to be linear, compared
with a more hyperbolic curve observed at the
same concentration values of sulphide with
cells of the rat.21 30 This suggests that human
colonocytes are less sensitive to the damaging
effect of hydrogen sulphide than colonocytes of
the rat. The median effective dose (ED)
producing 50% reduction of butyrate respiration in human colonocytes was 1.2 mmol/l
compared with about 6-0-9.0 mmoll for the
rat.21 30 The ED50 level in humans might be
higher in vivo where absorption or inactivation
by detoxification might change the toxic effect
of sulphides. Despite the oxidative environment of current experiments sulphide was still
toxic indicating that oxidases against thiols are
not very active in colonocytes of rat and
humans. Current observations of acute exposure to sulphide may not reflect reactions that
prevail under chronic exposure in vivo where
cell responses could be modified by tachyphylaxis or change in enzyme activity of thiol
methyltransferases in colonocytes.
In the colonic mucosa the free amino acid
level of methionine is low compared with other
amino acids31 nevertheless the colonic mucosa
extracts methionine from the circulation,14 15
at a rate that is increased under conditions
of surgical stress, for methionine, alanine,
and glutamine but not other amino acids.32
Very little methionine is normally absorbed
from the colonic lumen of the mammalian
colon.33 In enterocytes and colonocytes
methionine is the precursor for glutathione34 35
that acts as an antioxidant36 and also is the
precursor of S-adenosylmethionine26 that acts
as an antireductant through its action of
methylation24 25 (Fig 3). The formation of
S-adenosylmethionine in colonocytes requires
adenosine triphosphate and methionine with
appropriate enzymes.37 Methionine that is not
converted to SAM in bodily tissues is con-
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colon20 where colitis is found more frequently.
Present results show that sulphide has a graded
ATP
damaging effect on colonocytes according to
Pi
Excess amounts in circulatior concentration of sulphide and that the damaging effect is partially reversible by methionine
and SAMe. The most efficacious drug for
ulcerative colitis, 5-ASA has now been shown
S-adenosyl-L-methionine
Metabolised to S04- in liver
to inhibit sulphide formation by colonic
bacteria in humans.48-50 The precise mode
whereby sulphide might act in the pathogenesis
SHOther agents
Re-entry of S04- into
of ulcerative colitis remains unknown - overintestinal tract
production of sulphide or diminished detoxifiSRB in colon
cation each or both require investigation.
SHCH3
Methylated
methanethiol
products
In considering either L-methionine or SAM
for clinical use in ulcerative colitis, L-methionH2S production
ine would be undesirable for such purposes as
S-adenosyl homocysteine
adenosine triphosphate levels in colonocytes to
Figure 3: Aspects ofL-methionine metabolism related to current studies with colonocytes.
generate
SAM from methionine (Fig 3) are
Both useful and harmfulfunctions of L-methionine are highlighted as detailed in
diminished in acute colitis51 and consequently
discussion.
excess L-methionine would be converted to
sulphate in the liver.38 Re-entry of such sulverted to sulphate by hepatocytes38 39 and the phate into the intestinal tract16 would increase
sulphate returned to the intestinal lumen by a sulphide formation in the colon. The functions
rapid transport system that extracts sulphate of methionine with regard to colonocytes
from the circulation.14-16 The sulphate in the seems delicately poised between a useful and a
intestinal lumen derived from the circulation potentially harmful role (Fig 3). The applicawill be subjected to fermentative action by tion of SAMe as a therapeutic agent is
sulphate reducing bacteria in the colon and warranted in view of the current finding of
increased sulphide production may result protection against sulphide toxicity. The place
of sulphide in the pathogenesis of ulcerative
(Fig 3).
SAM is the universal methylating agent of colitis requires further detailed investigation
sulphur, carbon, and nitrogen groups of various both at a cellular-biochemical and clinicalchemical compounds37 and has been therapeu- therapeutic level.
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