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Abstract

Monoamine oxidase-B (MAO-B) from rat brain was inhibited strongly by the prepared cadmium and zinc ethanolamine complexes
obtained from their sulphate and chloride salts. The inhibition of MAO-B by these complexes was time-dependent and fully reversible
after dilution and sedimentation. In vitro, the cadmium ethanolamine complexes were more potent at inhibiting MAO-B than the zinc
complexes. The inhibitory effect of these complexes follow the order: ¥EEA>MEA, due to the alkyl residues and steric effect
properties. The inhibition of MAO-B by cadmium and zinc ethanolamine complexes was a noncompetitive typgé. Vethees were
calculated. The influence of the complexes on the activity of MAO-B was rather evaluated. It decreased the MAO-B activity,, The IC
values of the two potent cadmium and zinc triethanolamine complexes on MAO-B were evaluated indicating that the complexes were
tightly binding, but reversible inhibitors for MAO-B. In general, these systems may be used for preventing some neurodegenerative
diseases.
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1. Introduction [5,6] and have different substrate and inhibitor specificities
[7]. MAO-A preferentially oxidizes serotonin (5-hydroxy-

Amine oxidases are widely distributed in nature. They tryptamine) and is irreversibly inhibited by low concen-
are found in microorganisms (bacteria and fungi) and in trations of clorgyline, while MAO-B preferentially oxi-
higher organisms like mammals including humajis. dizes phenylethyamine and benzylamine and it is reversib-
Monoamine oxidase (amireoxygen oxidoreductase ly inactivated by low concentrations of pargyline and
(deaminating) flavine-containing, EC 1.4.3.4) plays an deprenyl. Dopamine, tyramine and tryptamine are common
essential role in the oxidative deamination of biogenic and substrates for both MAO f@fmBIAO-B consists of
food-derived amines, both in the central nervous system 520 amino @idshe enzyme has a FAD covalently
and in peripheral tissugg]. In addition to their roles in linked to a cysteine residue —397, through @n(8
the regulation of neurotransmitters levels, these enzymes cysteinyl-ribofld®]ne)
also catalyze the oxidation of xenobiotic aming3] MAO inhibitors can be classified according to their
including dietary tyramind4]. The products of the oxida- selectivity for the two forms of the enzyme. The first
tive deamination of these amines are NH , aldehydes and generation of MAO inhibitors with drugs such as tranyl-
H,O,, agents with established or potential toxicity. MAO cypromine has no selective inhibitory potency towards
exists in two functional isoenzyme forms (MAO-A and MAO-A and MAO-B, whereas the second or new gene-
MAO-B). The two forms are encoded by different genes ration of inhibitors involves selective inhibitors of MAO-A

such as moclobemide and MAO-B such asleprenyl.
MAO-B inhibitors are used as an adjunct to the dopamine

*Corresponding author. Tel+ 20-2-01234-31922; fax:+ 20-2-0339-  PrECUrson-DOPA in therapy of Parkinson’s diseafEd].
11794, In addition, several other brain diseases have been dis-
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One of these is epilepsy (common brain disorder character-
ized by spontaneous recurrent seizures).

Masoud and co-workerfl3—23] published a series of
papers about the chemistry and the structure of mono-, di-
and triethanolamine complexes. Our aim in the future is to
study the biological effect of these complexes and the plan
begins in this paper by effect of cadmium and zinc
ethanolamine complexes on rat brain monoamine oxidase-
B activity.

The aim was to study the inhibition ability of MAO-B
enzyme towards Zn- and Cd-ethanolamine complexes
under optimum experimental conditions. The ability for
Michaelis—Menten model and the type of inhibition are
outlined.

2. Experimental
2.1. Preparation of brain MAO

This was done as described previoufy. Briefly, rats
(n=12) were decapitated and allowed to bleed. The brains
were removed as quickly as possible, placed on a filter
paper and their weights determined. All subsequent pro-
cedures were performed at 02@. The brains were rinsed
thoroughly in cold saline (0.9% NacCl), then homogenized
in 4 vol (w/v) of 0.25 M sucrose, 0.1 M sodium phosphate
buffer (pH 7.4) in a Teflon glass homogenizer.

The homogenates were centrifuged at 8@0for 10
min. The supernatant fraction was divided into 3-ml
portions in small screw-cap vials and kept frozen for later
assaying of MAO.

2.2. Yynthesis of the solid ethanolamine complexes

The metal—-ethanolamine complexes were prepared by
mixing the molar amount of the metal salts (Zn ,"'Cd as
chloride or sulphate) dissolved in 10 ml water with the
calculated amount of the ligand saturated with ethanol. The
mixture was refluxed for about 5 min. The complexes were
precipitated and were filtered, then washed several timed
with a mixture of EtOH-H O and dried in a desiccator
over anhydrous CagGl .

The metal ion contents were determined by complex-
metric titration proceduref24]. The halogen content was
determined by titration with standard Hg(NQ ) solution
using diphenyl carbazone indicatg25]. The sulphate
content was determined gravimetrically as BgS[5].

The analytical data of the prepared complexes are collected
in Table 1. The complexes under investigation are iden-
tified typically to that prepared before and were found to
have the same octahedral geometrical struc{@® as
shown inFig. 1.

2.3. Kinetic assay of MAO-B

All assays were carried out in triplicate at=80.1°C in
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Table 1
The analytical data of the prepared complexes

No. Complex % Found (% calculated)
M Cl SO,
[CA(MEA),SO,]  34.3(34.4) - 29.0 (29.0)
2 [Cd(DEA),SQ, ] 26.8 (26.8) - 22.9 (22.9)
3 [Cd(TEA),SO,]  22.1(222) - 18.9 (18.9)
4 [Zn(MEA),SO,]  23.0(23.0) - 33.8(33.8)
5 [Zn(MEA),CI.] 25.2(25.3) 275(27.4) -
6 [Zn(DEA),Cl,] 18.8(18.8)  20.4(204) -
[Zn(TEA),Cl,] 15.0 (15.0) 16.3(16.3) -
CHp —CHj
R
Sl
R2/
R;=H ;Ro=H Monoethanolamine ~ (MEA)
R, =H ; R, = CH,CH,OH, Diethanolamine (DEA)
R;=CH,CH,OH ;R,=CH,CH,OH Triethanolamine (TEA)
CH
2N
CHap O—H
(0] (6]
R1—N ¢
N N\
2 7N N\
"o T o] o)
N/
N
SN
CHap R1
No R, R, M Complex
1 H H Cd [Cd(MEA),SO,]
2 H CH,CH,0H Cd [Cd(DEA),SO,]
3 CH,CH,0OH | CH,CH,0H Cd [Cd(TEA),SO.]
4 H H Zn [Zn(MEA),SO4]
CH2—CHy
AN
N N
Ry~ N ’ /O H
Zn
HN. 7 l\ R
) N
| Cl I\Rz
CH2 — CH2
No R, R, M Complex
5 H H Zn | [Zn(MEA)Cl)]
6 H CH,CH,0H Zn [Zn(DEA),Cl,]
7 CH,CH,0H | CH,CH,0H Zn [Zn(TEA),Cl,]

Fig. 1. The structure of the mono-, di- and triethanolamine and their

complexes.
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0.1 M sodium phosphate buffer, pH 7.4. Results are mean
valueststandard deviation of the mean. MAO-B activity
was measured using benzylamine as substfa@ as
follows: Mitochondrial protein (10Qul, 600 g protein) in

0.1 M sodium phosphate buffer, pH 7.4 (total assay

preparation with several inhibitor concentrations in a

concentrated mixture. MAO activities were measured after
dilution (12.5-fold) of the mixture and compared with
inhibition of these complexes of the same final concen-

trations of enzyme and complexes without preincubation.

volume, 3 ml) was incubated in cuvette (pathlength 10
mm) in Ultraspec 1000 UV/visible Spectrophotometer
(Pharmacia Biotech). The reaction was started by addition
of benzylamine (25! of 1 mM solution in water) and the Protein was assayed in the preparation as reported using
progress of the reaction (formation of benzaldehyde) was p,vine serum albumin as a stand48d].

monitored at 250 nm. Initial velocities asA/min were
measured from the time scanning of the reactions at 250
nm, ¢ (M~* cm™*') 12 500. The maximum velocity was
expressed ap.mol/mg protein per min.

2.5. Protein assay

3. Results and discussion

The inhibitory effect of Cd and Zh ethanolamine
complexes on the MAO-B activity in the rat brain homoge-
nate was dependent on the preincubation period (4C30

; S =
Inhibition curves for different complexes were assessed (Fi9- 2)- The inhibition sequence follows the order: Cd

against MAO-B activities. The reaction mixture containing COMPlexes-Zn™ complexes where TEADEA - MEA

the enzyme and various complexes concentrations (1.7-Complexes. This may be attributed to the alkyl group

33.4 uM) was stabilized for 2 min at 3C, then the property. The inhibitory effects of the tested complexes

complex inhibitory effect was determined by measuring Were non-linear concentration dependefig( 3). Further-

the activity spectrophotometrically for 10 min. Control MOre, the increasing of the inhibition upon the preincuba-
samples, in which the enzyme was replaced by identical tion of the enzyme with the com_plexes, inhibitors (maxi-
volume of buffer. The remaining MAO-B activities were M@l after 60 min of preincubation), suggested that the
expressed as percentages of control basal activity andinhibition of MAO-B by these complexes could be due to
plotted as a function of the complex concentrations. For COmplex formation rather than the enzyme oxidation. The
each complex the I value, defined as the complex increasing in the inhibitory potency after preincubation is

concentration necessary to give 50% enzyme inhibition N @greement with the earlier resulf29,31] and might
was calculated by non-linear regression by the use of suggest a covalent interaction between the enzyme and the

2.4. Inhibition of MAO-B basal activities and
determination of enzyme kinetic parameters

Grafit programme[27]. Steady state kinetic constants COMPlexes.

K Michaelis constant an®/

max,

maximum velocity)

max?

were determined from studies of the effects of substrate 3.1. Reversibility of MAO-B inhibition by Cd- and Zn-

concentration on the initial velocity of MAO-B activity in

complexes.

Lineweaver—Burk plot$28] were used to determine the
kinetic parameters of MAO-BK; value was determined by
Lineweaver—Burk plot.

Reversibility tests: the reversibility or irreversibility of
MAO-B inhibition was examined by two methods. The
first sedimentation teg29] was carried out by incubation
of mitochondrial preparation sample with each complex at
a sufficient concentration to cause more than 70% inhibi-
tion for 30 min at 3CC. The mitochondria was then
sedimented by centrifugation at 26 09@ for 45 min and
the pellet was washed twice by resuspension and centrifu-
gation with 0.1 M sodium phosphate buffer before it was
finally resuspended in that buffer and assayed. Control
samples of mitochondria were carried through an identical
procedure, the complex (inhibitor) solution being replaced
by an equal volume of distilled water. Total recovery of
the activity after washing procedure was taken as an
indication that the inhibition was reversible. The above
results were confirmed by the second method dilution test
[29] that was carried out by preincubation of mitochondrial

ethanolamine complexes in rat brain homogenate
the absence and in the presence of various ethanolamine

The 1AM Cd complexes}, 2 and3, [Cd(MEA),SO, ],
[CA(DEA) $0O 1, [CA(TEA) SO ], and M Zn com-
plexes, 5, 6 and 7, [Zn(MEA),SO,], [Zn(MEA),Cl,],

[Zn(DEA) Cl ] and [Zn(TEA) ClI ] reduced the MAO

activity by 82, 86, 90, 81, 78, 82 and 85%, respectively. A
12.5-fold dilution of the samples and by the sedimentation

test results in all cases in a total recovery of MAO activity

indicating the reversible nature of the complexes as
inhibitdrable 2. The data are in harmony to that
obtained from studying the effect of time on the activity of

the enzyme in presence of the Cd- and Zn-ethanolamine

complexes.
The degree of inhibition of MAO activity as a function

of 1.743BlXoncentrations was determined after the
preincubation period of 2 min between the enzyme and the
different ethanolamine complexes, before the addition of
the substrate (88 (Fig. 3). The values of IG, are
recordédbte 3.As shown fromTable 3,Cd complex-

es exhibited more MAO-B inhibition comparable to those
of Zn complexes. The IC values of [Cd(MEA) SO ],
[Cd(DEA),SO ] and [Cd(TEA), SO ] complexes were 9.8,
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Fig. 2. Time course of the inhibition of rat brain MAO-B by Cd- and
Zn-ethanolamine complexes. Rat brain mitochondria (@0 protein/ o
assay) were incubated with 3i4M Cd- (panel a, complexes 1@, 2 o "
(0), 3 (A)) and 3.4u.M Zn- (panel b complex 4@); panel ¢, complexes 59 57 55 53 51 49 47 45
5 (@), 6 (O), 7 (A)) complexes for different period. After the preincuba- - Log. [complexes] M

tion period, MAO-B activity was determined as described in Section 2 Fig. 3. The effect of Cd- and Zn-ethanolamine complexes on the
using 8.3u:M benzylamine as specific substrate and compared to control deamination of benzylamine by MAO in rat brain mitochondria. Rat brain

§amples that had' been incubated for the same' time in thg absence Ofmitochondria (600ug protein/assay) were incubated with Cd (panel a,
inhibitor. Each point represents the mean of triplicate experiments.

complexes 1@), 2 (O0), 3 (A)) and Zn (panel b complex 4¢¢); panel c,
complexes 5Q), 6 (M), 7 (A)) complexes in the concentration range

7.0 and 5.2uM, respectively. This indicated that the 1.7-33.4uM for 2 min at 30°C prior to the addition of benzylamine (8.4
hydrogen substitution on the amino group of the ligands in »M) to assay for activity.

the complexes gave rise to MAO-B inhibition. However

hi itution r he val ICTalgle 3.

this substitutions decreased the value Ogo c ahﬁ N 3 Effect of dialysis and sedimentation on the inhibition of MAO-B by Cd-

Thus, increasing the hydroxyl groups in the ligands are . ;" ;. “eihanolamine complexes in catalyzing the oxidation of
most likely essential for these bioactivities. This fact is penzylamine

also reached from studying the JC of Zn complexes, —
. N ; Compl MAO-B activity (% of control
Table 3.This conclusion is in agreement with the reported ngmp o activity (% of control)

Table 2

data where stilbenoids inhibit MA@B2]. However, gluco- Before After After .
. . . L . dialysis or dialysis sedimentation

sylation of the stilbenoids could diminish the activity sedimentation
against MAO.

Substitution of chloride with sulphate in the Zn—MEA L ﬁ gg gg
complex, leads to increase the MAO inhibition. This may 5 10 92 o1
be due to the multi-oxygen atoms of the sulphate group 4 19 97 96
that may interact closely with the enzyme. The low,JC 5 22 99 98
values for the inhibition of MAO-B by ethanolamine © ig 32 g;

complexes as inhibitors places them into the category of !
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Table 3

1.2 4
The values of IG, for MAO-B inhibition by Cd- and Zn-ethanolamine a
complexes 14 o °
Complex IGo 084
no. (M)
1 9.8 (v) %] >
2 7.0 041
3 5.20
4 12.58 02/
5 19.98
6 12.40 0 y ; ; " -
7 750 0 10 20 30 40 50 60
[S]uM

. o 21 b
“tight-binding” inhibitors [33]. In such cases, the observed 1 o
rate of enzyme inhibition is time dependent. However, at gg X
low enzyme and inhibitor concentrations, the second-order ~ Y) g,
rate of the enzyme-inhibitor complex formation can be 02
relatively slow[34]. 01 ' ; ; '

0 10 20 30 40 50 60
I S] UM

3.2. Inhibition type (STu

The MAO-B activities were measured within a range of 1¢

1.14-48.4uM substrate concentration. Plotting the veloci-

ties of the reactions against substrate concentrations gave
rectangular hyperbola best fitted to all studied ethanol-
amine complexes Hig. 4). The Lineweaver—Burk plot (V)
(1/v versus 1/[S]); is a characteristic pattern of non-
competitive type inhibition[28] (Fig. 5). The kinetic
constants were calculated from a double reciprocal plot.
The K .0 Vmax K;and %l values are given ifiable 4.In : : : :
general, the/_ ., values are decreased for the complexes 0 10 2 % 40 50 60
compared to that of the control. The data indicated that [STuM

these C'om.plexe's b!nd to some sites other than the S!‘Jb-Fig. 4. Plots ofv against [S] in the absenceX) and presence of Cd
strate-binding site, i.e., the substrate and complexes bind(,anel a, complexes 180, 2 (@), 3 (A)) and zn (panel b complex 4
reversibly, randomly and independently at different sites. (¢): panel ¢, complexes 5J), 6 (W), 7 (A)) ethanolamine complexes
This indicated that the complexes, inhibitors, I, bind to (v=wmol/mg protein per min).

enzyme, E, and to the enzyme-substrate complex, ES,

resulting in El and ESI species. So, the ESI complex is

catalytically inactive[28]. Therefore, a non-competitive  3.3. Effect of temperature and pH

inhibitor acts by decreasing the turnover number rather

than by diminishing the proportion of enzyme molecules The variation of MAO activity catalyzing the oxidative
that are bound to substrate. The apparéntvalues for deamination of benzylamine over the temperature rang
MAO enzyme towards benzylamine indicated that both 10<70in the presence and in the absence of
[CA(TEA),SO,] and [Zn(TEA), C| ] are more potent in- [CA(TEA) SO ] and [Zn(TEA) Ll ] complexes were in-
hibitors. These data are in agreement with JC values. We vestigated. MAO was incubated at the given temperature
concluded that Cd- and Zn-ethanolamine complexes may and then assayed. The optimum temperature in the absenc
have different effects on flavine adenine dinucleotide and in the presence of the two complexes’@dEig0
(FAD)-dependent mitochondrial enzymes at the level of 6). At high temperature, the tested enzyme velocities

the essential cofactor. Such findings are in harmony with followed the same pattern in the absence and in the
the reported data that Cu(ll) appears to exert an inhibitory presence of the ethanolamine contptgxés,So, it

effect on both NAD and FAD-dependent enzymni&$]. seams likely that MAO inhibition by these complexes does

Zn- and Cd-ethanolamine complexes are as potent as not induce a change in its heat stability.

beloxatone[36] and cimoxatong[37], and more potent A similar study of the enzyme over the pH range of 4-9
than the other reversible MAO inhibitors including har- was made in the absence and in the presence of these two
maline [38], brofaromine[31], toloxatone BW 1370 U 87 complexes. The general bell shape of the curve was the

[39], maclobemidd40], RS 8359[41] and SR 951942]. same in the two casedig. 7). The decline in activity



146 N.Z. Shaban et al. / Journal of Inorganic Biochemistry 95 (2003) 141-148

704 a

1U(v)x10 |

0
o

0
A4

r T T T T T T 1 r T T T T T T 1

-60 -40 -20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100
1/[S] x100 uM 1/[S]1x100pM
707 C
60 4

-60 -40 -20 0 20 40 60 80 100

1/[S]x100 uM

Fig. 5. Lineweaver—Burk plot analysis of MAO-B inhibition by Cd (panel a, contd))(complexes 1 @), 2 (O), 3 (A)) and Zn (panel b complex 4
(A); panel c complexes 5Y), 6 (W), 7 (A)) ethanolamine complexes. Rat brain mitochondria (@@Qrotein/assay) were preincubated with gM Cd
and 3.4pM Zn ethanolamine complexes for 2 min at 3D prior to the addition of benzylamine (the concentrations ranging from 1.14 top48)4 Each
point represents the mean of triplicate determinations.

between pH 7.4 and 6 and between pH 7.4 and 8 can be3.4. Therapeutic outlook

ascribed to the effect of pH on ionizable groups of the

active site of the substrate. The decline in activity above Considered globally, the IC values reported here are
pH 8 and below pH 5 can be ascribed to irreversible relatively strong ones especially for [Cd(TEA) SO ] and
denaturation of the enzyméig. 7). [Zn(TEA),CI,] complexes. The IG, values in the range of
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Table 4

Kinetic parameters of rat brain MAO-B inhibition by Cd- and Zn-ethanolamine complexes

Kinetic Control Complex no.

parameter 1 5 3 2 5 6 7

Kinax (RM) 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32
V,ax 1.0 0.63 0.59 0.51 0.63 0.67 0.61 0.57
K. (M) 5.63 4.83 3.56 5.63 6.76 5.20 4.48
1 (%) 375 41 48.7 375 33.3 39 42.8

K..ax @ndV, . values were determined as described in Sectidf, 2.is expressed ggmol/mg protein per min. The parameters are calculated according
to the equation:

1 1+ (VK)

0.61 0.1-10 uM are usually necessary for compounds to be
effective in vivo inhibitors of toxication reactions leading
0.5 A to chemical carcinogenesis or toxicif%3].
0.4 4
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