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Inhibitory Mechanism of Monosodium Fumarate for
Generation of Hydrogen Sulfide from Heated Cysteine
and Safety Assessment of the Formed Substance

Hiromitsu Osada, Yukako Kutsuki, Jiro Azegami* and
Hirotaka Matsumoto®

In order to clarify the inhibitory mechanism of monosodium fumarate for generation of
hydrogen sulfide from sulfur-containing substance, aqueous mixture of monosodium fumarate
and cysteine was heated at 115C for 80 minutes.

The product formed was isolated by ether extraction, electrodialysis and ion exchange
and then crystallized in ethyl alcohol.

The structural formula of the crystal was determined from its physical and chemical proper-
ties, elementary analysis, and mass and infrared spectrometries. The molecula formula was
C7H1106NS, and structural formula was S-(1, 2-dicarboxyethyl)-cysteine (DCEC) containing a
C-S bond.

The acute toxicity of DCEC was assessed by single oral administration to rats. At the dose
of 1g/kg, temporary clinical symptoms such as salivation or diarrhea were recognized, but body
weight increased steadily throughout the experiment, and no significant difference was noted as
compared with the control group.

Key words : monosodium fumarate, hydrogen sulfide, inhibitory mechanism, S-(1, 2-dicarboxyethyl)-

cysteine, acute toxicity.
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Table 1. Amount of hydrogen sulfide generated by heating
sulfur-containing compounds.

Sulfur-containing Hydrogen sulfide
compounds (g/100g)
Cysteine 27,000
Cystine 270
Taurine 0
Methionine 0
Cysteic acid 0
Cysteamine 138
Homoeysteine 610
Methylmercaptan 26
Glutathione 686
Allylthiourea 0
Cystamine 0
Dimethylsulfide 270

Each solution was adjusted to pH 7.0 (cystine solution was adjusted
to pH 10.0), and after heating at 115C for 80 min., hydrogen
sulfide was determined by Almy’s method.
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Cysteine hydrochloride + Monosodium fumarate (1 1 M)
neutralized by adding 10 % NaOH.
heated at 115°C for 80 min.
adjusted to pH 3.0. by adding 10 %5 HCI.

Extraction
| extracted with ethyl ether for 120 hr.
concentrated by reduced pressure.
Treatment with ion exchange resin.

(Dowex 50 W X 8 HY).

washed by water.

eluted with 10% HCL

Electrodialysis

concentrated by reduced pressure.

added ethyl alcohol.

cooled.

Crystals

Fig. 1. Crystallization of the product formed by heating a
mixture of cysteine and fumarate.
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Table 2. Physical and chemical properties of the product formed by heating a
mixture of cysteine and fumarate.

Physical and chemical properties

pH 2.92(0.01 M solution)
Ninhydrin reaction
Nitroprusside reaction
Solubility in: Water
Methanaol
Ethanol
Chloroform
Butanol
Benzene =

(by adding of metallic sodium)

H A+

Hydrolysis®

Solubility : + soluble, % slightly soluble, —insoluble.
% The Product was heated at 115°C for 2 hours in 1N to 6 N HCI selutions.

fxw)

Fig. 2. Crystals formed by heating a mixture of cysteine
and fumarate.
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Fig. 3. HPLC chromatogram of the product formed by heating a
mixture of cysteine and fumarate.
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Fig. 4. HPLC chromatogram of the product formed by heating a mixture of

cysteine and fumarate and sulfur-containing amino acids.
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Table 3. Elementary analysis of the product formed by heating a

mixture of cysteine and fumarate.

Experimental values

Elements (%)
8- 35.3
H 5.6
N 5.0
0 38.9
S 11..8
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Fig. 5. Mass spectra of the product formed by heating a mixture
of cysteine and fumarate.
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Fig. 6. IR spectrum of the product formed by heating a mixture
of eysteine and fumarate.



S-(1, 2-dicarboxyethyl)-cysteine(DCEC)

HOOC—CH—CHz—S—CH—COOH

l I

NHz CH2—COOH

Fig. 7. Structual formula of the product formed by heating a mixture of
cysteine and fumarate,
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DCEC D7 v Mot $ 2% 43 Tabled RUFig. 82/ L 72k 91z, MlEX bicwTho
5B LTRSS SN - 72, 1,000mg/ kg3 SR MEHE % 5 Bl 1 1 & 2,000mg/ kg 58
Dt 5 Flep 1 FI R O HE S Bl 3 Plic 514 2 ~ 12400 b — @D FREA DA Lz, 72, 1,000
mg/kegik G- BENHE 5 B 1 B, 2,000mg/kgG-REDME 5 B TR M 5 Bilrp 4 Blicfe 55 ~ 7
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Table 4-1. Individual clinical symptoms in female rats after single oral administration of DCEC.
Hoss Animal No Clinical symptoms Time of appearance#*
(mg/kg) ) ' o ¥ i
Control 1 — -
2 e
3 s
4 —
5 s
500mg/kg 6 —
7 —
8 —
g -
10 ==
1,000mg/kg 11 -
12 =
13 Salivation 7 min.
14 —
15 ===
2,000mg/kg 16 Diarrhea 5hr. 50 min., 5hr. 55 min.
17 Diarrhea 5hr. 9 min., 5 hr. 59 min.
18 Salivation, Diarrhea 6 min., 6hr. 32 min.
19 Diarrhea 4 hr. 56 min.
20 Diarrhea 4 hr. 59 min.

* . No abnormality in general condition.
** | Time elapsed from administration until appearance of clinical symptoms.
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Table 4-2. Individual clinical symptoms in male rats after single oral administration of DCEC.

(n?go/S:g} Animal No. Clinical symptoms Time of appearance*#
Control 1 —*
2 2t oF
3 i
4 =
5 —
500mg/kg 6 —
7 —
8 —
9 -
10 ==
1,000mg/kg 11 -
12 =
13 Salivation 12 min.
14 -
15 Diarrhea 5 hr. 43 min.
2,000mg/kg 16 Salivation, Diarrhea 6 min., 6hr. 32 min.
17 Salivation 5 min.
18 Diarrhea 5 hr. 55 min.
19 Diarrhea 5hr. 59 min.
20 Salivation, Diarrhea 2 min., 6hr. 27 min.

%  No abnormality in general condition.
%%  Time elapsed from administration until appearance of clinical symptoms.

Table 5. Effects of various factors on DCEC formation,

Yield of DCEC

pH maximum formation at pH 6.0.

Heating temperature maximum formation at 115°C.

Heating time at 115T maximum formation for 80 minutes.

Salt 2% decrease under presence of 5% NaCl.

Sugar 1.8-4.6% decrease under presence of
1.0-10.0% sugar.

Starch 2.7-3.5% decrease under presence of
7.5-10.0% starch.

Protein 1.9-7.1% increase under presence of

1.0-10.0% protein.
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