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A water-soluble diiron hexacarbonyl complex, [Fe, {u-SCH,CH(OH)CH,(OH)}(CO)q] (1), was employed
as carbon monoxide releasing molecule (CO-RM). The CO-releasing was initiated via substitution of the
bound CO by amino acids. The kinetics of the decomposition of complex 1 was first-order process for
both the complex and amino acids, respectively. Its CO-releasing rate varies with the amino acids. Six

amino acids were examined, L-cysteine ethyl ester hydrochloride, alanine, y-aminobutyric acid, L-

histidine, L-proline, sodium glutamate, as a CO-releasing promoter. Among the examined promoters,
sodium glutamate shows the highest efficiency in CO-releasing from complex 1. The CO-releasing
involves multiple mechanisms, an initially slow CO-releasing process followed by a much faster one. The
period of the slow process is solvent-dependant. In D,O and physiological saline (D,0), this slow process
lasted much longer compared to that in DMSO. Cytotoxic assessments of the systems containing
glutamate and L-cysteine ethyl ester hydrochloride suggest that the examined amino acid and derivative

showed stronger cytotoxicity than cysteamine.

Introduction

Like nitrogen analogue NO, carbon monoxide (CO) is believed
an essential signalling molecule in human body 2 It is active in
the cardiovascular system as a vasodilator *. In addition, CO
possesses anti-inflammatory, anti-apoptotic and anti-proliferative
properties and protects tissues from hypoxia and reperfusion
injury. These properties render CO a great potential in medical
applications > . To deliver CO, one approach is inhaling directly
the gas "' °. In the early development of CO-RMs, CH,Cl, was
even employed to produce CO via metabolic pathway °. The
shortcomings of these delivering manners are obvious because of
potential poisoning by CO and unnecessary side-effects caused
by the metabolising of the pro-drugs. Therefore, it is important to
find alternative approaches to administrate CO. Using metal—
carbonyl complexes is a solution to achieve safe and controllable
CO-delivery in therapeutic applications due to the advantage of
their high CO-capacity, possibly six CO per metal centre. In the
past decade, investigating the potentials of metal-carbonyl
complexes as CO-releasing molecules (CO-RMs) has attracted
great attention "%,

A variety of transition metals, for example, rhenium, iron,
manganese, molybdenum and tungsten, have been synthesized
and tested as CO-RMs 2'%®. To achieve CO-releasing from metal
carbonyl complexes, there are many approaches in consideration
¥ For example, ligand-substitution, enzymatic degradation,
irradiation and redox reaction of CO-RMs can trigger CO-
releasing. Of the various approaches is substitution reaction.
Recently, we reported a water-soluble diiron hexacarbonyl
complex, [Fe,{u-SCH,CH(OH)CH,(OH)},(CO)s] (1), from

which CO-releasing was achieved via substitution reaction by
cysteamine (CysA) **. Cysteamine is a clinic medicine for the
prevention and treatment of radiation sickness caused by X-ray or

s0 other radiation *'. Therefore, it should be tolerable by human
bodies.
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Scheme 1 Structures of complex 1 and amino acids or their derivatives
used in this work

ss  To initiate CO-releasing via substitution reaction, it is essential
to choose an appropriate promoter which initiates not only CO-
releasing, but also show minimal toxicity to human bodies.
Amino acids are a basic building block of proteins. In addition to
the amino and carboxyl groups, there may be also other
0 functional groups, for example, thiol, phenol, imidazole, which
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are good nucleophiles to attack the complex to release CO.
Herein, we report the CO-releasing of complex 1 triggered by six
amino acids or their derivatives, alanine, y-aminobutyric acid, L-
proline, L-histidine, L-cysteine ethyl ester hydrochloride, sodium
glutamate (Scheme 1), and its kinetic analysis. The CO-releasing
investigation was performed in three media, DMSO / H,0
mixture (4:1), D,O and deuterated physiological saline. The CO-
releasing was monitored using infrared spectroscopy as used in

our previous report .

Experimental
Materials and instrumentations

Alanine, y-aminobutyric acid, L-proline, L-histidine, L-cysteine
ethyl ester hydrochloride and sodium glutamate were purchased
from Aladdin and used as supplied. Complex 1 was synthesized
using the procedure we reported recently *°. FTIR spectra were
recorded on Agilent 640 using a CaF,-cell with a spacer of 0.1
mm. (wavelength range: 400 — 4000 cm™'; repetitive scans: 8;
resolution: 1 em™). *C NMR spectra were measured on Bruker
Avance (400 MHz) with tetramethylsilane as internal standard.

Monitoring the CO-releasing

A typical procedure for the monitoring is as follows: To a
solution of complex 1 (17 mg, 0.0345 mmol) in DMSO (2.4 mL)
was added an appropriate volume of an aqueous solution of L-
cysteine ethyl ester hydrochloride (0.6 mL, 0.0115 mol L™"). In
the reaction mixture, the final concentrations of the two species
are 0.0276 and 0.0023 mol L™', respectively. The ratio in volume
of DMSO over water is 4 at the end. The reaction was maintained
at 37 C and regularly monitored using infrared spectroscopy.
The CO-releasing initiated by alanine, y-aminobutyric acid, L-
proline, L-histidine and sodium glutamate, respectively, was
analogously performed. The CO-releasing assessment carried out
in either D,0 or physiological saline in D,0 (0.9%, 0.15 mol L")
was completed using the same procedure as described above. But
in the two media, a minimum DMSO (50 pL) was added to
dissolve complex 1.

Cytotoxicity evaluations using MTT assay

QSG-7701 cell (100 pL, 5 x 107 cells mL™") were seeded into 96
well microtitre plates and left to adhere for 6 h. The media was
removed from the wells after cultivation 6 h and replaced with
filtered and sterilised complete media containing a mixture of
complex 1 and L-cysteine ethyl ester hydrochloride or sodium
glutamate in which the concentration of complex 1 was 10, 20,
30, 40, 50, 60, 70, 80, 90 and 100 umol L, respectively, and the
ratio of complex 1 over L-cysteine ethyl ester hydrochloride or
sodium glutamate was kept at 1 : 6. The cells were then incubated
for another 24 h before the incubation media were replaced with
the complete medium and MTT (10 pL, 5 mg mL™" in phosphate
buffer solution, PBS) was added to each well of the plate. The
cells were further incubated for 4 h before the media were
replaced with DMSO (100 pL). Absorbance at 490 nm for each
well of the plates was read with a microplate reader. In the MTT
assay, DMSO (100 pL) in a well was used as blank and cells in
well without the addition of CO-releasing agents (complex 1 and
L-cysteine ethyl ester hydrochloride or sodium glutamate) were
taken as a control (100 % in cell viability). Relative cell viability

o
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is expressed as (Agps — Ap) / (Ac — Ayp), where Ay, Ay, A, are
absorbance observed for the cells treated with the CO-releasing
system (complex 1-L-cysteine ethyl ester hydrochloride or
sodium glutamate), blank, and control, respectively. Inhibiting
rate (%) was calculated as {100 x [(Ags — Ap) / (Ac — Ap) X
100]}. Each concentration was assayed in 5 wells of the same
plate, which was repeated 3 times to examine the reproducibility
of the assessment. ICs, values were estimated by using MTT
assay.

Results and discussion
CO-releasing in DMSO / H,0

Amino acids are a building block of proteins, in which there are
amino, carboxylic groups, and even other additional functional
groups, such as thiol. They are all good nucleophiles.
Furthermore, many amino acids have medical applications, for
example, cysteine can be used for detoxification *. Inspired by
our recent report in which a water soluble diiron hexacarbonyl
complex, [Fe,{u-SCH,CH(OH)CH,(OH)},(CO)¢] (1), releases
CO triggered by the initiation of cysteamine (CysA) *°, we
explored further using amino acids or their derivatives as
nucleophiles to promote CO-releasing from complex 1. In this
investigation, alanine, y-aminobutyric acid, L-proline, L-
histidine, L-cysteine ethyl ester hydrochloride and sodium
glutamate were employed. For the convenience of monitoring the
process via infrared spectroscopic technique, CO-releasing
assessment was carried out in a mixture of DMSO / H,O (v/v =
4/ 1). Considering strong interference in the range of 2000-1900
cm ' from the absorption of water, the usage of water was kept
minimal.

2100 2050 2000 1950 1900

Wavenumber / cm™

Fig. 1 Infrared spectral variation during the CO-releasing process ([1] =
0.0115 mol L™ and [sodium glutamate] = 0.0345 mol L") in DMSO/H,0
mixture at 37 ‘C under open atmosphere.

Steady progress of the reaction is shown in Fig. 1 during the
reaction course with the presence of sodium glutamate. The
characteristic infrared absorption peaks of complex 1 (2068,
2032, 1989 cmﬁl) decreased continuously with the reaction time,
which indicates that the reaction between complex 1 and sodium
glutamate proceeds steadily to release CO. Increasing the
concentration of sodium glutamate accelerates the decomposition
of complex 1. When the same equivalent y-aminobutyric acid was
added instead of sodium glutamate, the decomposition rate of
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complex 1 slowed down considerably (Fig. 2). The IR spectral
variations of the CO-releasing of complex 1 promoted by L-
histidine, L-proline, alanine, L-cysteine ethyl ester hydrochloride
are shown in Figs. S1-S4. Therefore, the amino acids can trigger
s CO-releasing via substitution reaction. Owing to poor solubility
of the promoters in water and DMSO, only L-cysteine ethyl ester
hydrochloride was examined how the decomposition is affected
by varying the concentrations. The other amino acids were only
examined at one concentration (three equivalents of the iron-
10 carbonyl complex).

e

\b —— 1min
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124 min
—— 180 min
—— 240 min
— 330 min
|
V
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Fig. 2 Infrared spectral variation during the CO-releasing process ([1] =
0.0115 mol L' and [y-aminobutyric acid] = 0.0345 mol L™") in DMSO /
H,O mixture at 37 ‘C under open atmosphere.

15 As widely known, the bound CO of diiron carbonyl
compounds can be replaced by nucleophiles **. Undoubtedly, the
functional groups of the amino acids serve as good nucleophiles
to replace the bound CO of complex 1, which induces its
decomposition to release CO. In our previous study, it has been

20 reported that complex 1 releases CO with the rate constant of
0.94 s™' under the initiation of cysteamine via decomposition *°.
The decomposition undergoes a number of stages involving
several intermediates such as diiron tetracarbonyl and monoiron
dicarbonyl and Fe(0) species ** 3. Spectrally, the process

2s becomes much simpler when the CO-releasing is carried out
without the protection of inert atmosphere *°. As we reported
previously *, the CO-releasing involves oxidative decomposition.

4

=

45

When the decomposition process was exposed to air, the
destruction of complex 1 accelerated due to the involvement of
0,. The influence of O, on the CO-releasing is confirmed by
varying qualitatively the content of O, in the assessment, Table 1.
The observation is in agreement with what we reported recently
3 But contrary to the CO-releasing caused by CysA, the CO-
releasing substitution by the compounds examined in this work
does mnot produce any detectable intermediates at the
spectroscopic time scale under either anaerobic or aerobic
conditions. Our experience and report in the literature ** indicate
that the stability of diiron hexacarbonyl complexes could be
considerably compromised due to the presence of carboxylic acid
in the bridging linkages. Although, it may not be possible to
exclude other either kinetic or thermodynamic causes, the
carboxylic group in these compounds except cysteine ethyl ester
must have played an important role in destabilising these
intermediates generated during the CO-releasing.

Table 1 The kinetic data of the decomposition of complex 1 in DMSO /

H,O mixture at 37°C ([1] = 0.0115 mol L™, [L-cysteine ethyl ester
hydrochloride] = 0.0345 mol L™" ) under different conditions.

N, N;+“0, open atmosphere
Kobs X 107 0.8 1.2 1.7
tip(min) 866 578 408

“100 ml O, was injected into a reaction flask (10 ml) sealed with a suba-
seal.

In addition to infrared spectroscopic technique, we also
monitored the CO-releasing initiated by L-cysteine ethyl ester
hydrochloride in deuterated DMSO using "*C NMR spectroscopy,
Table 2 and Fig. S5. As the data suggested, the NMR
spectroscopic monitoring is not quite informative in terms of
identifying any species involved in the process. But the
monitoring results did show the steady progress of the reaction as
indicated by the variation of chemical shifts at approximately 70,
60, 50 and 40 ppm and ultimate disappearance of the
characteristic bands at 210.3 and 209.1 ppm of the bound CO in
complex 1 after 24 hours’ reaction, which implied the complete
decomposition of complex 1. And the second, paramagnetic
species were involved in the process since once the reaction
started, the field-locking of the system became difficult in one
hour in collecting NMR data.

6s Table 2 °C NMR spectroscopic variation with reaction time of complex 1 under the substitution of L-cysteine ethyl ester hydrochloride (for comparison,
the chemical shifts of free 1-thioglycerol, L-cysteine ethyl ester hydrochloride and complex 1 are also included).

Compounds 8 (ppm)
1-thioglycerol 72.9,64.3 28.1
L-cysteine ethyl ester hydrochloride 168.1 62.4,54.3 24.6,14.4
Complex 1 72.7,72.6, 67.5, 65.1, 65.0, 64.9 43.3,41.9 29.3,25.6
“Complex 1 (1 min) 168.6, 168.3 72.7,72.6, 67.5,65.1, 64.9 62.5,62.6,54.4 43.4,42.0 29.4,625.6,24.8,14.5
68.8 51.9
“Complex 1 (1 h) 72.7,72.6, 67.6, 65.1 62.8,51.8, 43.8,43.4 29.4,25.7,14.7
70.5,
“Complex 1 (2 h) 72.8,72.9,72.6, 67.6, 65.1, 64.9 63.2 29.5,25.8,15.0
70.6,
“Complex 1 (22 h) 70.4, 64.8

“Containing the ligand, L-cysteine ethyl ester hydrochloride.

Variations of the absorbance at 1900 cm™ with the reaction
course are shown in Fig. 3. Unlike the analogous plot we reported
70 earlier *, the exponential decline in absorbance is not as obvious

as what was observed in our earlier report probably due to the
much slower reaction. Kinetic analysis was performed when
amino acids were presented in excess. The logarithmic plots of
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different amino acids versus reaction time are shown in Fig. 4.
The linear relationship observed for these reactions suggests that
the CO-releasing progress is first-order reaction for complex 1.
All the kinetic data were summarized in Table 3. The results
indicate that the CO-releasing rate for complex 1 differs
significantly from the amino acids. Among the examined
compounds, sodium glutamate promotes CO-releasing most
efficiently whereas y-aminobutyric acid shows the lowest CO-
releasing efficiency. Compared with glutamate, the half-life time
of its reaction with complex 1 is about 7-fold longer (Table 3).
The drastic variation in decomposing rates of complex 1 should
be certainly associated with the number of functional groups and
the structural nature of the compounds. It is interesting to note
that both glutamate and histidine possess an extra functional
group (carboxylic and imidazolyl group, respectively). And the
two amino acids promote most efficiently CO-releasing from
complex 1. For both proline and alanine, no additional functional
group is available and they have comparable ks values which
are smaller compared with those observed for both glutamate and
histidine. The half-life time of the CO-releasing reactions
promoted by both cysteine ethyl ester and y-aminobutyric acid are
approximately 3 and 7 times longer than that by glutamate,
respectively. It is particularly noteworthy that cysteine ethyl ester
is significantly less efficient in the promotion of CO-releasing
than cysteamine *° although they possess the same functional
groups of the same moiety (HSCH,CH,NH,) compared with
CysA. It seems that the additional hydrophilic and electron-
withdrawing ethyl ester skeleton has profound influence on its
reaction with complex 1. It would be imaginable that cysteine
itself could be efficient on inducing CO-releasing. Unfortunately,
assessing its CO-releasing capability is hindered by its extremely
poor solubility in the media employed in this work. At first
glance, y-aminobutyric acid should have comparable efficiency of
CO-releasing to that of either proline or alanine. But, in fact, its
half-life time is about 4-fold longer, Table 3. Further looking into
the other five bidentate ligands, we could notice that all the
ligands except y-aminobutyric acid can form either six-member
ring or five-member ring with the diiron center or one of the two
iron atoms. This chelating effect is certainly beneficial to the
substitution reaction which leads to the relatively fast CO-
releasing. Apparently, y-aminobutyric acid does not have this
advantage. Probably, being lack of this effect may be the major
cause of its low efficiency on promoting CO-releasing.

As aforementioned, only L-cysteine ethyl ester hydrochloride
was examined at various concentrations in DMSO / H,O medium
due to poor solubility of the ligands. The results of the kinetic
analysis are shown in Table 4, Fig. 5 and Fig. S6, respectively.
As shown in Table 4, the values of k, increase steadily with the
increasing of the concentration of the ligand (L-cysteine ethyl
ester hydrochloride). Plotting the observed rate constant kg
against the concentration of the ligand gave a linear relationship
between ks and the concentration of the ligand (Fig. S6). From
the linear plot, the absolute rate constant k of the reaction was
derived as 0.0099 s™'. The kinetic behaviours are in agreement
with those we reported recently **. Overall, for both the diiron
complex and L-cysteine ethyl ester hydrochloride, the first-order
kinetics applies. As being pointed out above, despite their
possessing the same functional groups, cysteamine promotes CO-

60

65

70

releasing about 100 times faster than cysteine ethyl ester
hydrochloride (0.94 versus 0.0099), which is further indicative of
the influence of a carboxylic acid on destructing the metal
carbonyl complex as mentioned earlier.
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Fig. 3 Plots of concentrations of complex 1 against reaction time in the
presence of different amino acids ([1] = 0.0115 mol L™! and [compound]
=0.0345 mol L") in DMSO / H,O mixture (4 : 1) at 37 “C under open
atm(l)sphere (the absorbance used for the kinetic analysis was used at 1990
cm ).
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Fig. 4 The logarithmic plots of concentrations of complex 1 against
reaction time in the presence of various concentration of L-cysteine ethyl
ester hydrochloride in DMSO / H,O mixture (4:1) at 37 C under open
atmosphere ([1] = 0.0115 mol L', the absorbance used for the kinetic
analysis was used at 2032 cm ).

CO-releasing in D,O and physiological saline

Clinic application of any CO-RMs requires that they are
operational in water. Furthermore, examination of CO-releasing
kinetics under physiological condition is also desirable. For the
convenience of applying infrared spectroscopic technique to
monitor the CO-releasing, deuterated water was used. Again, due
to the insolubility of other compounds in the media, only L-
cysteine ethyl ester hydrochloride in D,O and physiological
saline (in D,0) were examined. The CO-releasing behaviours of
complex 1 upon the substitution reaction by the ester are shown
in Figs 6 and 7, respectively. Compared with the kinetic
behaviours in DMSO, the decomposing kinetic of complex 1 is
strikingly different. At all the concentrations examined, an initial
stage was observed along the reaction coordinate in both media,
during which decomposition is very slow. The only difference is
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that the stage lasted about 100 min in D,O whereas in
physiological saline, it took a longer time (ca. 150 min). After
this stage, the decomposition became significantly faster. The two
reaction stages may be attributed to the different reaction

s mechanisms of the CO-releasing. When further looking into the
data-set of other amino acids, for example, praline and histidine
(Fig. 8), it seems that such mixed mechanism exist also. Since the
ligands examined so far are bidentate, we wondered whether such
stage-wise decomposition is associated with this nature. In other

10 words, initially only one of the functional groups plays a role and
the two functional groups act concertedly when the reaction
proceeds to certain stage. To verify this, a monodentate ligand,
pyridine, was employed to decompose complex 1. Indeed, no
such two-stage decomposition was observed (Fig. S7).

15 Table 3 The half-life time of the decomposition of complex 1 in DMSO /

H,O (v/v=4/1)at37 ‘C ([11=0.0115 mol L', [Compound] = 0.0345
mol L™).

Compound Kobs X 107 1,2 (min)
Sodium glutamate 5.7 127
L-histidine 49 139
L-proline 29 190
Alanine 3.0 217
L-cysteine ethyl ester hydrochloride 1.7 408
y-aminobutyric acid 0.9 818

20 Table 4 The kinetic data of the decomposition of complex 1 in DMSO /
H,O (v/v=4/1)at37°C ([1]=0.0115 mol L', [L-cysteine ethyl ester
hydrochloride] / [1] =3, 6,9, 12, 15 and 18, respectively).

ty,2 (min) 408 315 301 231 224 204
kops x 10° 1.7 2.2 23 3.0 3.1 34
-4
« -8
= o
A
-1.0
o
<o
v o
1.2
0 100 200 300
t/ min

25 Fig. 5 The logarithmic plots of concentrations of complex 1 against
reaction time in the presence of various concentration of L-cysteine ethyl
ester hydrochloride in DMSO / H,O mixture (4:1) at 37 C under open
atmosphere ([1] = 0.0115 mol L', the absorbance used for the kinetic
analysis was used at 2032 cm ).

3 Kinetic data can be estimated for each stage. In the initial
stage, the reaction rate is much slow and little variation takes
place for both media (Kops (D,0) = (1.3 = 0.2) x 107, Kops
(physiological saline) = (0.3 + 0.2) x 107%). For the second stage,
the reaction rate became faster and the decomposition of complex

35
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1 accelerated with the increasing concentration of L-cysteine
ethyl ester hydrochloride (Table S1). Furthermore, linear plots are
observed via plotting ks against the concentration of L-cysteine
ethyl ester hydrochloride in both media in the second stage, (R =
0.98, Figs. S8 and S9), which indicates that they are also first-
order reaction for L-cysteine ethyl ester hydrochloride in these
systems. Furthermore, the values of the absolute rate constant k
can be estimated from these plots are 0.12 s™' and 0.05 s in D,0
and physiological saline, respectively. The CO-releasing rate
initiated by L-cysteine ethyl ester hydrochloride in both media is
faster than in DMSO / H,O. This improvement in CO-releasing
can be attributed to the hydrolysing capability of water via
nucleophilic reaction. But the improvement is less significant in
the deuterated physiological saline. This suggests that chloride
may affect the decomposing of complex 1 due to probably its
increasing the ionic strength.
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Fig. 6 The logarithmic plot of various concentration of L-cysteine ethyl
ester hydrochloride in D,O conditions at 37 “C under open atmosphere,
([11=10.0115 mol L™"). For clarity, except the plot of 3 eq. of cysteine

s5 ethyl ester hydrochloride, the rest of the plots are shifted negatively by

adding —0.1, 0.2, —0.3, —0.4, —0.5 to the kinetic data, respectively.
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Fig. 7 The logarithmic plot of various concentration of L-cysteine ethyl
ester hydrochloride in physiological saline (in D,O) conditions at 37 C

60 under open atmosphere. ([1] = 0.0115 mol L™). For clarity, except the

plot of 3 eq of cysteine ethyl ester hydrochloride, the rest of the plots are
shifted negatively by adding —0.2, —0.4, —0.6, —0.8, —1.0 to the kinetic
data, respectively.

Cytotoxicity of the CO-releasing system

6s To examine the biocompatibility of the CO-releasing systems,

This journal is © The Royal Society of Chemistry [year]
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normal human liver cell line (QSG-7701) was employed to assess
the cytotoxicity using MTT assay. In the assessment, L-cysteine
ethyl ester hydrochloride and sodium glutamate were selected,
and the ratio of complex 1 over compounds was kept at 1 : 6. The
variation of cell viability with the change of the concentration of
complex 1 is shown in Fig. 9. ICs, values for the CO-releasing
systems of L-cysteine ethyl ester hydrochloride and sodium
glutamate were estimated at 52 and 53 pmol L', respectively.
Compared with the cytotoxicity (QSG-7701) of the CO-releasing
10 system activated by cysteamine we reported recently *°, the
systems examined in this work show stronger cytotoxicity
towards the same cell line we examined. The results show that
both sodium glutamate and L-cysteine ethyl ester hydrochloride
are more cytotoxic than cysteamine, which is somewhat beyond
15 our expectation.
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Fig. 8 The logarithmic plot of concentrations of L-Proline and Histidine
versus reaction time, respectively.
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Fig. 9 Cell viability at various concentrations of complex 1 in the
presence of L-cysteine ethyl ester hydrochloride and sodium
glutamate, respectively. Please note that the ratio of [1]
[Compound] was kept at 1 : 6 throughout the assessment.

Conclusions

25 In summary, complex 1, [Fe,{u-SCH,CH(OH)CH,(OH)},(CO)s]
can decompose to release CO under the initiation of the
substitution reaction by various amino acids or their derivatives.
The CO-releasing rate of these reactions varies with the amino

acids. The results showed that sodium glutamate is the most

30 efficient CO-releasing promoter. Kinetic analysis suggested that
for both diiron complex and the substitution reagent, the CO-
releasing reactions were first-order. By comparison, it is believed
that the stage-wise mechanisms can be attributed to the bidentate
nature of the promoters. In the CO-releasing, both solvent and

35 chelating effect exert significant influence on the reaction. As
reported before *°, the presence of oxygen can speed up the CO-
releasing progress. Finally, the results described in this work
suggest also that both sodium glutamate and L-cysteine ethyl
ester hydrochloride are more cytotoxic than cysteamine
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CO-releasing from [Fe,{u-SCH,CH(OH)CH,(OH)}(CO)¢] initiated by amino acids
depends highly on the nature of the acids. Among the examined amino acids,
glutamate, the ligand with chelating effect and additional functional group, exhibits

the best efficiency in promoting the CO-releasing.



