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DETERMINATION OF CYTOCHROME C BY A CHEMILUMINESCENCE
METHOD WITH LUMINOL IN BIOLOGICAL OBJECTS

A sensitive, rapid, and simple chemiluminescence (CL) procedure was proposed for the assay of Cytochrome ¢
(Cyt c). The determination of Cytochrome ¢ was achieved by monitoring the chemiluminescence emission from the lumi-
nol-hydrogen peroxide reaction in the presence of Cyt ¢. Under optimum conditions, the linearity of the results was examined
by measuring a series of standard solutions. The maximum CL intensity was found to be proportional to Cyt ¢ concentration,
and the response to the concentration was linear over the range from 0.18 to 1.8 ug mi~' with the detection limit of 0.06 ug
ml™' (36, n=5). The regression equation was, I, = (0.59+0.03) x C, r?=0.9986; LOQ (10S)=0.18 ug mL". The recoveries for
the different concentration levels varied from 98.0% to 109.0% with a relative standard deviation of less than 3.0%. A result
determination of the concentration of Cyt ¢ in serum of mice in norm (n=5; P=0.95) was 5.95+0.2 umol-L-' (RSD=2.5%).
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[ng kinbkicHoro Bu3HadeHHst Liutoxpomy ¢ (Cyt ¢) 6yna 3anponoHoBaHa YyTiMBa, LWBMAKA Ta NPOCTa XEMIMOMIHEC-
ueHTtHa (CL) meToguka. BusHadeHHs Liutoxpomy ¢ 6yno fOCArHYTO 3@ AOMNOMOrO0 MOHITOPUHTY XEMiNOMIHECLLEHTHOrO
BiNPOMIHIOBaHHS B peaKLi riaporeH nepekmcy 3 MtoMiHonom B npucyTHocTi Cyt ¢. 3a onTMManbHWX YMOBA NiHIAHICTb KOH-
LeHTpaLINHOI 3anexHoCTi 6yna gocnifxeHa WAsSXoM BUMIDIOBaHHS Cepii CTaHAapTHYX po3yumHiB. byno BusiBneHo, Wwo mMak-
cumanbHa iHTeHcmBHICTb CL nponopuiiHa koHueHTpauii Cyt ¢, a Biaryk 3anviuascs AiHiMHUM B iHTEPBai KOHLEHTPALLN Bif,
0,18 no 1,8 mkr mn' 3 mexeto BusiBneHHs 0,06 mkr mn' (3S, n = 5). PiBHsiHHA perpecii mano surnag I, = (0,59 £ 0,03) x C,
r> =0,9986; LOQ (10S) = 0,18 mkr mn''. 3HariaeHe 3HAYEHHS AN1s Pi3HUX PIBHIB KOHLEHTpaLji konveanocs Big 98,0% oo
109,0% npu RSD < 3,0%. Pe3ynbTat BU3HA4YEHHS KOHUEeHTpaUii Cyt ¢ y crpoBaTtui KpoBi MuyLwei B HopwMi (n = 5; P = 0,95)
ctaHoBwmB 5,95+0,2 mkmonb x L-1 (RSD = 2,5%).

KniouoBi cnoBa: xeminoMiHecueHuisi, Liutoxpom C, BU3Ha4YeHHS, CpOBaTKa MULLENA.

YyBCcTBMTENLHAS, ObICTPAs U NPOCTas XeMuntoMUHecLeHTHas (XJ1) meToamka Gblna npeasoxeHa ans Koam4ecTBeHHOro
onpepenenus Lntoxpoma ¢ (Cyt c). Onpenenenne Cyt ¢ 66110 LOCTUMHYTO MYTEM MOHUTOPWHIA 3MUCCUN XEMUIOMUHEC-
LUeHUMM B peakuuy nepeknucy Boaopoaa ¢ NMoMUHONOM B NpucyTcTBMM Cyt ¢. B onTuManbHbIX YCNOBUSX SIMHEAHOCTb pe-
3ynbTaToB Oblia UCCnefoBaHa NyTeM M3MEPEHUs CEPUM CTaHAAPTHLIX PACTBOPOB. Bbino 06HapyXeHo, YTO MakcUManbHas
MHTEeHCMBHOCTbL XJ1 Oblfa NponopumoHanbHa KoHUeHTpauum Cyt ¢, 1 3aBUCMMOCTb OCTaBanach IMHENHON B Auana3oHe
ot 0,18 po 1,8 mkr mn™' ¢ npeaenom obHapyxeHus 0,06 mkr mn' (3S, n = 5). YpaBHeHne perpeccun UMeno Bua; Iy =
(0,59 £0,03) x C, r?=0,9986; LOQ (10S) = 0,18 mMkr mn~". BennynHa HalileHHOr 0 CPEAHETO 3HAYEHUS 1St Pa3HbIX YPOBHEW
KOHLEHTpaumu Bapbuposanuck ot 98,0% o 109,0% ¢ 0THOCKTENbHBIM CTaHAAPTHLIM OTKNOHeHeM MeHee 3,0%. Pe3ynb-
TaT onpeaeneHns KoHueHTpauun Cyt ¢ B CbIBOPOTKE Mbilleit B Hopme (n = 5; P = 0,95) coctasun 5,95+0.2 mkmonb L
(RSD =2,5%).

KnioueBblie cnoBa: xemuiioMMHecLeHums, LiuToxpom ¢, onpeaeneHne, CbiIBopoTKa MbilLEei.

Cytochrome ¢ (Cyt c¢) is a small heme protein that
is localized in the compartment between the inner and
outer mitochondrial membranes where it functions to
transfer electrons between complex III and complex IV
of the respiratory chain. It can also form an intimate as-
sociation with the mitochondrion-specific phospholip-
id cardiolipin that induces a conformational change in
the protein enabling it to act as a peroxidase catalyzing
the oxidation of cardiolipin and thereby instigating a
chain of events that leads to apoptosis.

Cyt ¢ can catalyze the oxidation of various electron
donors by hydrogen peroxide (H,0,), including Lumi-
nol. With ferrocytochromes with oxidation reactions,
there is a phase delay corresponding to H,O, mediated
cytochrome c oxidation to the iron state; no phase delay
with ferricytochrome ¢ is observed (Fig. 1). Howev-
er, short pre-incubation of ferricytochrome with H,0,
increases its catalytic activity to progressive inactiva-

tion and degradation. Superoxide (O*) and hydroxyl
radical (-OH) are not involved in this catalytic activity
because it was not sensitive to superoxide dismutase
(SOD) or mannitol [1].

Currently obtained results are consistent with an
initial activation of Cyt ¢ by H,0, to a catalytically
more active species in which a high oxidation state
of an oxo-heme complex mediates the oxidative reac-
tions. The lack of SOD effect on cytochrome c-cata-
lyzed, H,0,-dependent luminol chemiluminescence
supports a mechanism of chemiexcitation whereby a
luminol endoperoxide is formed by direct reaction of
H,0, with an oxidized luminol molecule, either lumi-
nol radical or luminol diazoquinone [1].

High-performance liquid chromatography [2] and
capillary electrophoresis (CE) [3] were reported for the
determination of Cyt c¢. Compared with other methods
for the assay of Cyt ¢, CL method offers the advantages
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Fig. 2. Kinetic CL intensity—time profile
in Luminol-H,0,-Cyt c system
(for 1.5 pg ml™! Cyt ¢). ¢c(NaOH) = 0.02 mol-L,
c¢(H,L) =1-10"* mol-L, ¢(H,0,) =0.85-10~ mol-L!
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Fig. 3. Effect of Cyt ¢ concentration on max
CL intensity in Luminol-H,0,-Cyt c system

of simplicity of apparatus, low reagent consumption,
higher sensitivities, and higher sample throughput [4].

A sensitive and simple CL procedure was proposed
for the determination of Cyt ¢ in a flow injection (FI)
system, giving a linear ranging from 5 to 700 ng ml ' [5].
The proposed method was applied to the determina-
tion of Cyt ¢ in pharmaceutical injections and human
serum samples.

In this work, the chemiluminescent activity of Cyt
¢ was studied in order to quantitative determination of
enzyme in serum of mice in a static system. A discrete
portions of the CI reagent and the sample are mixed
rapidly in reaction cell. A final reagent (containing
H,0, solution) that initiated the CL was added with
a semi-automatic injector. The whole CL intensity-
versus-reaction-time profile was monitored. As an an-
alytical signal was taken the maximum CL intensity
(peak height). By measuring the increment of the CL
intensity, the concentration of Cyt ¢ could be quanti-
tatively determined, viz. I, =I - I,, where I and [ are
the maximum CL intensity in the presence and absence
of Cyt ¢, respectively (Fig. 2).

The intensity of chemiluminescence was meas-
ured using an FEU-84-A photomultiplier tube with
Low current meter IMT-0.5. The signal was recorded
with a LINE RECORDER TZ 4620 recorder (LAB-
ORATORNI PRISROJE PRAHA). Solutions were
rapidly injected (0.1 s) into a hemispherical quartz
cuvette mounted on the front of the phototube. The
standard concentrations of substrates in the reaction
mixture were as follows: 10 mM H,0,, 20 mM NaOH,
0.125-1.5 pg cytochrome ¢ and water up to 10 cm’.
The temperature was 22-25°C. The reproducibility of
chemiluminescence peak heights was about 5-10% and
each measurement was repeated five to eight times.
All results are expressed as X = ts/\n in which X is the
mean and s the standard deviation of n determinations;
t is a factor dependent on n and the confidence level.
In our studies, n varied between 5 and 7, and or the
confidence level we chose 95%.

Reagents and solutions. Bovine heart Cyt ¢ (Sam-
son-Med production, Peterburg, Russia), molecular
weight 12800 g mol'; &s0/g,5 =1.2; [Fe]=0.435%,
0.25% solution was used as standard solution. All re-
agents were analytical reagent grade and double dis-
tilled water was used throughout these experiments.
Luminol (5-amino-2,3-dihydro-1, 4-phthalazinedione,
99%) was purchased from the Corporation of Sigma
(USA).

The 0.01 mol'L"! luminol stock solution was
prepared by dissolving 0.1772 g luminol with 2 mL
1 mol-L' NaOH solution and diluted with distilled
water to 100 ml. Working standard solutions of lumi-
nol were freshly prepared from the stock solution by
appropriate dilutions before use and adjusted its pH
with 0.1 mol-L'NaOH.

The serum samples were supplied by the Central
Research Laboratory of National University of Phar-
macy. To prepare the spiked samples, known quanti-
ties of Cyt ¢ were spiked into 1.0 ml of serum. After
homogenization, the spiked samples were diluted, and
the influence of foreign species existing in serum could
be eliminated. In order to evaluate the validity of the
proposed method, recovery studies were carried out on
samples to which known amounts of Cyt ¢ were added.
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Experimental part. In the course of studies it was
found that under optimum conditions (c(NaOH) =
0.02 mol-L"!, ¢(H,0,) =0.85-10" mol-L"!, c(H,L) =
1-10* mol-L™!, C(Cyt ¢) = 0.25-1.5 ng'-mL™") Cyt ¢
exhibits an enhance effect on intensity of CL in H,L —
H,0,system (Fig. 2).

Hydrogen peroxide (H,0,) 5.8% (wt.) solution was
prepared from 58% high pure preparation (produced by
LTD “Inter-Syntes”, Boryslav, Ukraine) by its 10 times
dilution with DDW: 10 mL was transferred into vol-
umetric flask of 100 mL and volume was brought to
the mark at 293 K. This solution was stored at reduced
temperature of + 8 — 10 °C. The content of hydrogen
peroxide in solution was controlled by permganato-
metric titration. Working solution of H,0, 0.058%
(wt.) (1.7-102 mol-L™") was obtained by the appropri-
ate dilution of the original solution exactly 100 times.
The working solution can be used throughout the day.

Procedure of determination. Solutions were
added to a chemiluminescent quartz cell consistently
as follows: 1.0 mL of 1-103 mol-L! H,L, 1.0 mL of
0.2 mol-L! sodium hydroxide solution, (10 — x) mL
of double distilled water (also abbreviated ddH,0),
where x is the total volume of all reagents and samples,
(mL), 0.25-1.75 mL of dilute working-standard solu-
tion of Cyt ¢ (or solution of mice serum) and 0.50 mL
of 1.7-102 mol-L! H,0, (final solution). Cell with the
mixture was placed in chemiluminometer and 0.5 mL of
working solution of 1.7-102 mol-L™!' H,O, was added.

The regression equation was, I, = (0.59+0.03)xC,
?’=0.9986; LOD (3S)=0.06 pg mL'; LOQ (10S) =
0.18 pg mL™' (Fig. 3).

The mechanism of the enhanced effect of Cyt ¢ on
luminol-hydrogen peroxide CL reaction could be pre-
sented as following (Fig. 4).

In order to evaluate the validity of the proposed
method for the determination of Cyt ¢ in serum of mice,
standard addition methodology was implemented to
test the recovery. The recoveries for the different con-
centration levels varied from 98.0% to 109.0% with a
relative standard deviation of less than 3.0%. A result
determination of the concentration of Cyt ¢ in serum
of mice in norm (n=5; P=0.95) was 5.95+0.2 pmol-L"!
(RSD=2.5%).

Conclusions. A chemiluminescent activity of Cyt ¢
was studied in order to quantitative determination of
enzyme in serum of mice in a static Luminol-H,0,—
Cyt ¢ CL system. A sensitive, rapid, and simple chemi-
luminescence (CL) procedure was proposed for the as-
say of Cytochrome ¢ (Cyt ¢). The proposed CL method
for the assay of Cyt ¢ offers the advantages of sim-
plicity of apparatus, less time consumption, and higher
sample throughput compared with the CL procedure
reported by Robert Feissner. The satisfactory perfor-
mance in an assay of Cyt ¢ in mice serum demonstrated
that the proposed CL method is practical for biological
samples, confirming the promise for pharmacological
and clinical research.
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