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Abstract

Tranexamic acid (TXA) have antifibrinolytic properties and finds wide applications in pharmaceuticals, most used in cardiac,
orthopaedic, urological, gynaecological, and obstetric surgery. Complexes of tranexamic acid with some metal ions show
antimicrobial and anti-tumor activity. Oxidation-kinetic study is of much importance in understanding the mechanistic profile
of Cr-TXA complex in biological systems. Kinetics of oxidation of [Cr''(TXA)(H20)s]?* by periodate has been
spectrophotometrically studied under pseudo order conditions over 293-313 K, pH (3.20-4.20) range, and ionic strength of 0.30
M for a set of periodate concentrations. The initial oxidation product is the unstable Cr(V) which is then oxidized to the final
product of Cr(V1). The reaction is first order dependent on complex concentration. The pseudo-first order rate constant, Kobs
increased with decreasing proton concentration, indicating that the deprotonated form of the chromium (I11) complex is the
reactive species. An inner sphere mechanism has been proposed for the oxidation process. The thermodynamic activation
parameters are also reported.

Keyword: Tranexamic acid; Chromium (I11) complexes; Oxidation; Kinetics; periodate;  Reaction mechanism; Electron
transfer.

1. Introduction: adverse biological effects of chromium (VI)
Chromium is an essential nutritional metal that compounds; which have toxic and carcinogenic
play arole in metabolic syndrome and cardiovascular effect [5, 6].
disease, also support the transportation of amino . ) .
acids through the cell membrane [1]. Chromium (l11) Tranexamic acid, trans- 4- amino methyl
complexes show capacity in enhancing insulin cyclohexane carboxylic acid, is a member of lysine
activity in patients with type 2 diabetes, especially amino acid synthetic Qerlvatlv_es, a_pla_smln |_nh|b|tor
glucose tolerance factor which is synthesized from that acts by blocking lysine-binding sites on
absorbed dietary chromium, which enhancing the plasminogen, inhibiting the activation of plasmin,
insulin action about three-fold [2]. The study of consequently, prevents bleeding, consequently it is
chromium (I11) complexes with amino acids are used in many surg!cal situations [7, 8]. It_reduces
biologically important since these complexes can be blood loss and the risk of exposure to allogenic blood
used as enzymatic labels by substitution of the transfusion in off-pump coronary artery bypass, joint
activator or inhibitor [3]. The biological oxidation of arthroplasty, open heart, and prostate surgery [9-13].
chromium from Cr(Il) to Cr(VI) state is an It_has t_he potential to decrease_ blood loss in patients
important environmental process because of the high with hip fractures [14]. TXA is good for a reduction
mobility, toxicity and carcinogenic effect of in transfusion requirements in liver transplantation
chromium (V1) [4]. The formation of chromium(l1) with no |_nd|cat|0n for an increase in thrombo_tlc
or other intermediate oxidation states such as complications [15]. It appears to be an active
chromium (V) and (1V) is supposed to play a role in treatment  for  antepartum and  postpartum
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hemorrhage, safe and effective in the prevention and
management of bleeding during pregnancy [16].
Also, it shows anti-inflammatory [17] and skin
whitening effects [18,19]. Complexes of tranexamic
acid with some metal ions were screened for
microbiological activity, the results show that the
metal complexes have a significant efficiency in
comparison with free TXA ligand. TXA complexes
with metal ions as yttrium (lI1), gallium (Il1),
tungsten (VI), silicon (IV), and organotin (I1V)
exhibit antimicrobial activity [20, 21]. Also,
complexes of TXA derivatives with copper (II)
exhibited excellent anti-tumor and anti-fungal
activities [22].

Periodate oxidations show a significant role in
biological studies [23,24]. Periodate oxidation of
caffeic acid was found to simulate the mechanism of
polyphenol oxidase, the antioxidant product exhibits
slightly enhanced antiradical activity compared to
caffeic acid [25]. Periodate oxidation of lignin
produce a lignin polymer, which is used as coagulant
for aluminum oxide suspension in water and
wastewater [26]. Periodate oxidation and reductive
amination in the presence of tyramine, alginates are
used for a modification of a new polymer with an
increase in binding to the cell. This can be important
in tissue engineering, drug delivery and enzyme
immobilization applications [27].

An inner-sphere mechanism for oxidation of
chromium(l11) complexes of some amino acids by
periodate has been expected with the hydroxy group
acting as bridging ligand, or through the substitution
of coordinated H,O by 104~ [28, 29].

In our previous work [30], formation of
chromium (111) complex with the antifibrinolytic
drug tranexamic acid was studied by means of
spectroscopic and potentiometric techniques, the
results confirm the complex formation of chromium
(1) with tranexamic acid. The choice of this
complex is due to the therapeutic importance of
tranexamic acid and its uses as a possible ligand for
metal complexes. Chromium(l11) is widely present in
a variety of foods, therefore there is a probability to
form binary complex with TXA in our bodies. In this
study, we examine the kinetics of oxidation of TXA-
Cr'"" complex by periodate in aqueous solution and
suggest a suitable mechanism in order to study the
stability of the formed complex towards oxidation.

2. Experimental:

2.1 Materials and solutions:

[Cr"(TXA)(H20)s]>* complex (0.01M) was
prepared by mixing chromium (111) nitrate with that
of TXA with a concentration ratio 1:1, 20% excess
ligand was added to ensure complete formation of
the complex. The mixture was heated on a water bath
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until the solution take a violet color. A solution of
NalO4 is prepared in dark bottles to avoid the
photolysis of NalO4, used as oxidizing agent.
Tranexamic acid used in this study was purchased
from Amoun Pharmaceutical Company, Egypt.
Chromium (I11) nitrate, sodium nitrate, and sodium
periodate were from Merck. Buffer solutions were
made from CH3;COOH and CH;COONa.3H0.
NaNOs was used to adjust the ionic strength of the
solutions. Doubly distilled water was used in all runs.
2.2 Kinetic procedure:

The rate of reaction was measured by
monitoring the absorbance of the oxidation products
as a function of time. The UV-Visible absorption
spectra of the products of [Cr''(TXA)(H20)s]*
oxidation by  NalOs were  followed
spectrophotometrically for a definite period using
JASCO UV-530 spectrophotometer.

Kinetic experiments were conducted by mixing
thermostatted solutions of complex at the required
pH value with sodium periodate. A thermostated
water bath was connected to spectrophotometer used
to maintain the desired temperature. The calculated
amount of the reactants i.e. Cr'"-TXA complex,
sodium acetate, acetic acid, sodium nitrate and water,
except NalO4 were taken in a reaction vessel which
was kept in a thermostatic water bath for sufficient
time to attain the temperature of the experiment, also
the amount of NalO4 was thermostated at the same
temperature, then mixed thoroughly and quickly
transferred to an absorption cell. The oxidation rates
were measured by monitoring the absorbance of
Cr(Vl) at 370 nm on a Jenway 6315
spectrophotometer, where the absorption of the
oxidation products is maximal at the reaction pH.
The pH of the reaction mixture was measured using
a Jenway pH-meter fitted with a glass calomel
electrode.

Pseudo first order conditions were always
preserved using at least a ten-fold excess of sodium
periodate to complex. The ionic strength of the
solution was preserved constant by using the desired
concentration of NaNO; solution as supporting
electrolyte. The total volume of reaction mixture was
10 ml in each case.

pH-potentiometric titrations were executed
using a Metrohm 702 titroprocessor a 728 magnetic
stirrer, coupled with a dosino burette model 700. The
titroprocessor was coupled to a computer, and the
titration software Vesuv version 3.0 was used to
control the titration and data acquisition.
Potentiometric measurements were achieved using
the nonlinear least-squares (Version 2008) [31].

2.3 Oxidation products:

The UV-Visible absorption spectra of the oxidation
products of [Cr"(TXA)(H20)s]?** by NalO4
were recorded over time (Fig.1). The data show
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that the two peaks of the chromium(lll) at 570 and
408 nm for [Cr'"(TXA)(H20)s]** have disappeared
and been replaced by a peak at 370 nm, this
confirming the oxidation of complex producing
Cr(V1), also the molar absorptivity of the product was
similar to chromate ion, confirming that the Cr(VI1) is
the main product.

3.Results and discussion:

Oxidation of [Cr'"(TXA)(H20)s]?* complex by
periodate was studied over the pH range (3.20 -
4.20), 0.30 Mionic strength, [I047] range (0.50 - 5.0)
x1072 M and temperature range 293-313 K.

Pseudo-first order conditions were employed
for most of the experiments. Plots of In (A, - Ay

versus time were linear up to 98% from the
beginning of reaction (A. absorbance at the end of
the reaction and A: absorbance at time t). Values of
pseudo-first order rate constants, Kqps, 0btained from
the slopes of these plots at fixed pH, ionic strength
and temperature are independent on the initial
concentration of [Cr'"'(TXA)(H20)s]>* as shown in
Table 1, indicating first-order dependence on
complex concentration, and represented by Eq. (1),
as

Rate

= kops [ Cr" (TXA)(H,0)5 "]

0.8 |-

...........
........
......
.......

500 600 700

Wavelength (nm)

Fig.1 Change in absorbance with time of the product of the oxidation of [Cr(TXA)(H20)s ]** by NalO,. Curves (1-
6) recorded at times 1, 2, 3, 5, 30 and 60 min respectively. [complex] =5 x 104, [104]=0.02 M, 1 =0.30 M, pH =
3.70 and T = 298 K. The dotted curve spectrum of the complex (5 x 10 M) at the same pH.

Variation of keps with [1047] at constant pH,
ionic strength, and different temperatures is shown in
Table 2. It is obvious from these results that Kops does
not vary linearly with[1047] and it increases with
increasing temperature. I/kqps differs linearly with
I/[I04] at different temperatures (Fig. 2), The
kinetics of the reaction are given by Eq. (2):

Table 1. Variation of kqss on the initial concentration
of [Cr"(TXA)(H20)s**] at [104] = 0.02 M, | =0.30
M, [H*] =1.99 x10* M, T = 298 K.

104[Cr'"(TXA)(Hz0)s*] M 102 Kops S
25 0.324
4 0.316
5 0.319
6 0.327
75 0.333
10 0.336
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Table 2. Variation of kqss with [1047] at different temperatures at [H*] = 1.99 x104 M, [Cr'"(TXA)(H20)s%*] = 5x10°
4M,and 1=0.30 M

102 [104] 102 Kobs (s1)
(M) 293 K 298 K 303 K 308 K 313 K
0.5 0.177 0.199 0.218 0.261 0.285
1.0 0.250 0.270 0.302 0.364 0.390
15 0.277 0.304 0.335 0.409 0.448
2.0 0.287 0.319 0.375 0.456 0.476
2.5 0.301 0.336 0.388 0.478 0.525
3.0 0.318 0.350 0.397 0.501 0.551
3.5 0.330 0.358 0.409 0.528 0.569
4.0 0.336 0.368 0.432 0.553 0.582
45 0.340 0.391 0.451 0.565 0.607
5.0 0.346 0.404 0.465 0.578 0.629
6.0
293K
298 K
303K
4.5
2 308 K
- 313K
‘}‘
Q 30}
15 F
L 1 L 1 L 1 L
0 60 120 180 240

V10471 (MY

Fig. 2 Plot of 1/kons vs. 1/[ 1047] at different temperatures. [Cr(TXA)(H20)s]** =5 x10“ M, 1=0.30 M ,[H*]= 1.995
x10* M and [1047=(0.5-5) x102 M.

1/k0bs = 1/a[104_]T +

d[crV'1/de b/a (4)

={al[l0, 17/ (1 The reaction rate increases with increasing pH

+ b[10,71p)} [Cr']; @) under constant reaction conditions (Table 3). Plots
and of 1/kons Versus 1/[1047] at different pH values are
kops = al10," 17/ (1 + linear having an intercept and a slope (Fig. 3). The
b[10,717) siape is pH dependent (Fig.5). The result indicating
or that the deprotonated form of the complex is the most

reactive species.
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Table 3. Effect of pH on s at [Cr(TXA)(H20)s 2] = 5x10“4 M, 1 =0.30 M, T = 298 K.

107 [104] 107 kobs ()
(M) pH = 3.20 pH =3.70 pH = 3.97 pH =4.20
0.5 0.130 0.199 0.224 0.245
1.0 0.182 0.270 0.291 0.326
15 0.205 0.304 0.329 0.377
2.0 0.219 0.319 0.359 0.399
2.5 0.225 0.336 0.374 0.417
3.0 0.239 0.350 0.394 0.429
35 0.243 0.358 0.401 0.446
4.0 0.253 0.368 0.411 0.458
45 0.257 0.391 0.417 0.479
5.0 0.264 0.404 0.443 0.503
8r pH =3.20
ORI
]

2 pH =3.70

> pH =3.97

Sl pH =4.20

2 -
1 1 1 N 1
0 50 100 150 200 250

U104 (M)

Fig. 3 plot of 1/kobs vs. 1/[ 1047] at different pHs. [Cr(TXA)(H20)s?*] = 5 x10* M, 1=0.30 M, T= 298K and [I0O4

1=(0.5-5) X102 M.

The ionic strength of the medium was adjusted
by NaNOs in the range of 0.10 -1.0 M (Table 4).
Table 4 shows that kops decrease by increasing the
ionic strength of the medium. Applying the Bronsted
Bjerrum equation [32].
logk =logk, +
2B ZuZp\1

Where k is the rate constant, ko is the rate
constant at zero ionic strength, g constant for each
solvent, Za and Zg correspond to the charges on the
reactants A and B, and | is the ionic strength.
Plotting log Kons Versus VI (Fig. 4), gives a straight
line with negative slope, demonstrating that the
reaction is taken place between oppositely charged
species.
Table 4. Effect of ionic strength on Keps at
[Cr(TXA)(H20)s5 2] = 5x10* M, [104]1=0.02 M, T
=298 K.
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I (M) 102 Kobs (s0)
0.1 0.382
0.2 0.364
0.3 0.318
0.4 0.299
05 0.280
0.6 0.260

In aqueous solution, periodate ion is known to
be involved in complex equilibria as shown in
equations (6-8). Under the reaction conditions, the
most likely periodate species are 1047, H4lOg™, and
HslOg* [33].

Hsl0g = H, 10~ + H* K,
=5.1x10"* (6)

H, 10y~ = 10, + 2H, 0 K,
=29 (7
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0.60

0.54 |-

0.42 |-

0.4

0.6 0.8

ol

Fig. 4 plot of 10g Kess Vs VT , [1047] = 0.02 M, [Cr(TXA)(H0)s 2] = 5x10* M, T = 298 K.

H, 104~ = H; 10%” + HY K,
=49x107°  (8)

Over the studied pH range, V" will be used to
represent H4l10g~. Coordination of periodate ion with
complex occur through the hydroxy group of the
complex [Cr(TXA)(H20)4(OH)]* which act as a
bridge between complex and V!,

In aqueous solution the complex may be
involved in the equilibrium shown in Eq. (9):
[Cr(TXA)(H,0)s5]** =
[Cr(TXA)(H,0),(0H)]*

+ H* K, 9

K4 was measured potentiometrically and has the
value of (7.009 x10%) at 298 K. The results obtained
from the effect of [H*] suggests that the deprotonated
form of the complex is involved in the rate
determining step.

The following mechanism is proposed for the
oxidation of [Cr(TXA)(H20)s] #* by periodate:
[Cri(TXA)(H,0)5]** =
[Cr!(TXA)(H,0),(0H)]*

+ HY K, (10)
[Cr'"'(TXA)(H,0),(0H)]*
+ IVII =

[(TXA)(H,0), Cr'(OH)(1"')]
[(TXA)(H,0),Cr'"(OH)(1V')]

= [(TXA) (H,0),Cr" (OH)]
v Kk (12)

[CrY(TXA)(H,0),(0H)]

L [CrY (TXA)(H,0)s]

[CrV (TXA)(H,0)s] —> Cr¥ + TXA

+5H,0 (14)

Ks (11)
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cr’ + 1" — oV V! (15)
ZIVI
SN IVII +IV

From the suggested mechanism, the rate of the
reaction can be described as:
Rate
= k [(TXA)(H,0),Cr"" (OH)(1")]
Rate
= k Ks [Cr'"'(TXA)(H,0),(0H)*] [1""]
If [Cr'™]; represents all the chromium(lIl) species
present in aqueous solution, then
[criy
= [Cr'"'(TXA)(H,0),(0H)*] [H*]/K,
+ [Cr'"(TXA)(H,0)4(0H)*]
+ Ks [Cr"'(TXA)(H,0),(0OH)*] [1""]
Substitution for [Cr!''(TXA)(H,0),(0H)*] from
Eg. (19) into Eq. (18) then:
Rate
= k Ky K5 [Cr'"]7 [1""]/([H*] + K,
+ Ky Ks [17"']) (20)
kops = k Ky Ks [IV”]/( [H]+ Ky +
K, Ks [1""]) (21)
1/kobs
= ([H*]1+ Ky + Ky Ks [1""])/k Ky Ks [1V"]
1/kobs
= ([H*] + Ky)/k Ky Ks [IV"'] + 1/k

At constant [H*] the derived rate law in Eq.
(23) is consistent with the experimental rate law
shown in Eq. (4), where a = k K, Ks/([H*] + K,)
andb =K, K /([H*] + K,).

(1fgom Eqg. (23), it follows that the slopes of the plots
C

n be represented by Eq. (24):
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slope =1/a

= ([H*]/k K4 Ks)
+ 1/kKs (24)
Itis obvious from Eq. (24) that the slope is dependent
on [H*]. This is shown in Fig. 5 with correlation
coefficient of 0.998, indicating the validity of our
proposed mechanism.

Values of the intermolecular electron transfer
rate constant, 10°k calculated from the reciprocal of
the intercept of Eq. (23) plot, are 4.20, 4.64, 4.67,

5.10, and 5.55 s respectively at 293, 298, 303, 308,
and 313 K. Value of the slope in Fig. 5 is 17.77 x 102
s and the intercept is 0.9871 M s at 298 K. K, value
was calculated by dividing the intercept by the slope
of Fig. 5 as 5.55x10* M at 298K. The value of Ks
calculated by substituting the value of k from the
intercept of Fig. 5 as 218.33 M. The calculated value
of K4 (5.55x10* M) is in good agreement with the
obtained potentiometrically (Ks = 7.009 x10%)
indicating the validity of our proposed mechanism.

25
T=293K
T=298 K
20 L T=303 K
w T=308 K
=
= T=313 K
«©
15+ ]
1.0 -
1 1 1
0] 2 4 6 8
10" [H'T (M)
Fig. 5. Plot of 1/a vs [H*] at different temperatures
80
60
<
IS
€
o 40+
X
T
<
20 -
0 1 1
-250 -200 -150 -100 -50
AS* JKImol?

Fig. 6. Isokinetic plot for oxidation of chromium(l11) complexes by periodate.

The thermodynamic activation parameters,
AH* and AS* associated with the electron transfer
step were achieved from the least-squares fit to
transition state theory equation with correlation
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coefficient 0.9732 as 7.36 + 0.09 kJ/mol and -220.08
+0.2 J/ K mol, respectively. The high negative
entropies of activation, AS*, is suggested to be as a
result of charge concentration upon encounter
complex formation, resulting in substantial mutual
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ordering of the solvated water molecules. The small
positive enthalpy of activation, AH*, can be
explained as the intramolecular electron transfer
steps are endothermic and the formation of a more
solvated encounter complex. Enthalpies and
entropies of activation for the oxidation of some
chromium(I11) complexes by periodate are collected

in (Table 5). Plot of AH* vs AS* for the oxidation of
hydroxochromium (111) complexes by periodate (Fig.
6) is linear, support the same inner sphere
mechanism, an isokinetic relation probably exists for
the oxidation of some chromium(l11) complexes by
periodate.

Table 5. Enthalpies and entropies of activation for the oxidation of some chromium(l11) complexes by periodate

Complex 10%k1 (s AH* kJ/mol -AS*J/K mol Ref. Fig. 6
key

[Cr(NTA)(Asp)(H20)]* 0.39 64.5 76 34 1
[Cr (GMP)(H20)4]%* 1.18 42.2 130 35 2

[Cr (G)(H20)4]** 2.73 324 158.5 36 3
[Cr(DPA)(IDA)(H20)] 0.07 313 147.3 37 4
[Cr(2ABT)3(Cl)s]-2H20 0.69 13.5 197.01 38 5
[Cr(TXA)(H20)s])?* 0.55 8.71 218.16 This 6

work
Conclusion toxicology, 21(3), 563-571(2008).

An inner sphere mechanism is proposed for the
oxidation of [Cr(TXA)(H20)s]* complex by
periodate in which the deprotonated Cr"' complex is
formed rapidly in equilibrium steps preceding the
rate determining step, in which the hydroxyl group
act as a bridge between the complex and periodate.
The reaction rate increase with increasing pH (3.20-
4.20) and temperature (293-313) K, decrease with
increasing ionic strength (0.1-0.6) M. A common
mechanism for the oxidation of chromium(lll)
complex by periodate is proposed and is supported
by the excellent isokinetic relationship between AH*
and AS* values for these reactions.
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