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ABSTRACT. Redox potential (RP) of blood serum monitoring in patients with liver grafts was performed
in the course of postoperative treatment. It was found that abrupt RP shifts of over 25 mV indicated to the
onset of a rejection crisis or a graft dysfunction in the patient. A statistically significant population of
31 patients with liver grafts was examined, false positive and false negative results were not observed.
© 2014 Bull. Georg. Natl. Acad. Sci.
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It is well known that the redox potential (RP) of a
biological medium is an integral characteristic reflect-
ing the level of pro- and antioxidants in the organism
[1-4]. For apparently healthy subjects, the normal
range of RP is between –50 mV and –23 mV [5]. Addi-
tion of antioxidants to blood serum leads to negative
RP shifts, whereas addition of oxidants, to positive
RP shifts [6]. It is also known that certain pathologi-
cal states are characterized by different ranges of
blood serum redox potentials. For example, serum RP
in patients with acute cerebral pathologies is gener-
ally more positive than serum RP in apparently
healthy subjects [7].

It would appear that the ratio of activities of pro-
and antioxidants should be the dominant response
in the assessment of a patient’s condition by RP meas-
urement. However, the contribution of adsorption of
blood serum components (proteins, lipids, enzymes,
etc.) and medications on the surface of the working

electrode (usually platinum) should not be over-
looked. Indeed, it is known that the potential of plati-
num electrode shifts in the presence of albumin [8,9].
Therefore, it is important to take into account the
effect of adsorption on the measured RP values in
order to use RP as a diagnostic criterion. Understand-
ing the effects of ongoing medicinal treatment on the
RP values is also crucial in assessing its effective-
ness and suggesting corrections to the course of
treatment.

The main goal of the present work was to de-
velop a diagnostic criterion for assessment of post-
operative condition of patients with liver transplants
by monitoring their blood serum RP.

Methods

Postoperative monitoring of blood serum RP was
performed in 18 patients with liver transplants in the
course of their hospitalization, with a total of 284
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Fig. 1. The effect of albumin concentration on the time dependence of RP. Albumin concentration in
physiologic saline: 1 – 20%, 2 – 10%, 3 – 1%, 4 – 0.1%, 5 – 0%.

Fig. 2. The effect of ascorbic acid on the RP of 10% albumin. Ascorbic acid concentrations:
1 – 0.00 mM; 2 – 0.57 mM; 3 – 1.14 mM; 4 – 1.70 mM; 5 – 2.27 mM; 6 – 2.84 mM.

examinations performed. The RP measurement was
performed in blood serum on a platinum working elec-
trode with a silver/silver chloride reference electrode.
The RP values were recorded as the open circuit po-
tential (OCP) values after 30 min of measurements
according to a previously described method [10]. For
each measurement, 8 mL of patient blood was centri-
fuged at 1500 g for 15min on a CR 3 12 centrifuge
(Jouan) to obtain the blood serum.

The following reagents and medicinal sub-

stances were utilized: physiologic saline (0.9% aque-

ous sodium chloride), 20% human serum albumin

solution (NOVA Biologics, Inc.), L-ascorbic acid

(Alfa Aesar), Cyclosporine (Novartis),  and

Mycophenolatemofetil (Roshe) – the latter two as

typical immunosuppressants used for treatment of

liver transplant patients.
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Results and Discussion

The effect of certain oxidants and antioxidants on
the RP in aqueous solutions was studied previously
[6]. In the present work, the same line of investiga-
tion was continued with solutions containing albu-
min. Positive RP shifts were observed with increas-
ing dilution of albumin with physiologic saline, with
the RP for the most dilute albumin solution (0.1%)
closely approximating the RP of the pure saline solu-
tion (Fig. 1). The observed effect is likely due to the
adsorption of albumin on the surface of platinum.

The effect of antioxidants on the RP value was
also studied. A 10% solution of albumin in physiologic
saline was used to model the biological medium, with
ascorbic acid used as a typical antioxidant. These
data (Fig. 2) show negative RP shifts with increasing
ascorbic acid concentration. It is important to note
that the RP of solutions containing 2.00 – 3.00 mM
ascorbic acid correspond to the normal range of RP
for apparently healthy subjects [5]. Moreover, ac-
cording to [7], the shape of curves in Fig. 2 bears
close resemblance to the curves obtained in actual
biological media (blood serum).

Since liver transplant patients are usually treated

with immunosuppressants, it was also important to
investigate their effect on the RP of blood serum. In
the experiments where the maximum daily dose of
Cyclosporine (0.40 g) and Mycophenolatemofetil (2
g) was added to physiologic saline, negative RP shifts
were observed (Fig. 3).

On the contrary the addition of the maximum daily
dose of Cyclosporine and Mycophenolatemofetil to
blood serum led to positive RP shifts (Fig. 4). Though
the reason for such difference is unclear at this time,
it is possible to introduce a correction for measured

RP values using data shown in Fig. 4 when RP meas-
urements are performed for patients undergoing im-
munosuppressant therapy.

RP monitoring was performed in 16 patients with
liver transplants. During monitoring, special atten-
tion was given to the dynamics of RP changes, as
the shape of the RP time dependence may serve as
an indicator of various processes occurring in the
organism. It was shown that the days with abrupt
changes in the RP values preceded or coincided
with the onset of a rejection crisis or transplant
dysfunction in the patients. The RP monitoring
data for patients with favorable (Fig. 5) and

Fig. 3. The effect of immunosupressant addition on the RP of physiologic saline. 1 – initial saline, 2 – saline + 0.5 mg/ml
Mycophenolatemofetil, 3 – saline + 0.1 mg/ml Cyclosporine.



126 Mogely Sh. Khubutiya, Mark M. Goldin

Bull. Georg. Natl. Acad. Sci., vol. 8, no. 2, 2014

Fig. 4. The effect of immunosupressant addition on the RP of blood plasma. 1 – blood plasma + saline (5:1), 2 – blood
plasma + 0.5 mg/ml Mycophenolatemofetil (5:1), 3 – blood plasma + 0.1 mg/ml Cyclosporine (5:1).

Fig. 6. Redox potential monitoring for Patient S. after liver transplantation (unfavorable outcome).

Fig. 5. Redox potential monitoring for Patient K. after liver transplantation (favorable outcome).
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unfavorable (Fig. 6-7) treatment outcomes demon-
strate that the maximum range of measured RP val-
ues (Emax) is much smaller when the treatment
outcome is favorable (Patient K. in Fig. 5) than the
Emax for patients with unfavorable treatment out-
comes (Patient S. in Fig. 6 and Patient Sh. in Fig. 7):
Emax= 18 mV for Patient K. over against Emax= 63 mV

for Patient S. and Emax= 72 mV for Patient Sh.
Thus, it was shown that OCP shifts equal to or

greater than 25 mV can serve as a criterion to predict
a liver rejection crisis or liver dysfunction in monitor-
ing patients with liver transplants and can be used as
an indication that corrections in the course of treat-
ment are necessary.

Fig. 7. Redox potential monitoring for Patient Sh. after liver transplantation (unfavorable outcome).
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samedicino mecnierebani

transplantatis SeuTavseblobis diagnostikis
axali kriteriumi RviZlis gadanergvisas

m. S. xubutia*, m. m. goldini**
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RviZlgadanergili pacientebis operaciis Semdgomi mkurnalobis periodSi
mimdinareobda sisxlis SratSi Jangva-aRdgeniTi reaqciis potencialis monitoringi.
dadginda, rom Jangva-aRdgeniTi reaqciis mkveTri cvlileba 25 mv-ze zeviT SeuTavseblobis
krizisze an transplantatis disfunqciaze miuTiTebs. Catarda RviZlgadanergili
mosaxleobis statistikurad mniSvnelovani nawilis - 31 pacientis gamokvleva. arcerTi
cru dadebiTi an cru uaryofiTi Sedegi ar dafiqsirebula.
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