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MONOOXYGENASE SYSTEM IN GUERIN’S CARCINOMA
OF RATS UNDER CONDITIONS OF ®-3 POLYUNSATURATED
FATTY ACIDS ADMINISTRATION
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The aim of the study was to determine the variations of function in components of monooxygenase
system (MOS) of rat Guerin’s carcinoma under w-3 polyunsaturated fatty acids (PUFAs) administration.
The activity of Guerin's carcinoma microsomal NADH-cytochrome b, reductase, the content and the rate of
cytochrome b, oxidation-reduction, the content and the rate of cytochrome P450 oxidation-reduction have
been investigated in rats with tumor under conditions of w-3 PUFAs administration. w-3 PUFAs supplemen-
tation before and after transplantation of Guerin’s carcinoma resulted in the increase of NADH-cytochrome
b, reductase activity and decrease of cytochrome b level in the Guerin’s carcinoma microsomal fraction
in the logarithmic phases of carcinogenesis as compared to the tumor-bearing rats. Increased activity of
NADH-cytochrome b, reductase facilitates higher electron flow in redox-chain of MOS. Under decreased
cytochrome b, levels the electrons are transferred to oxygen, which leads to heightened generation of super-
oxide (O,") in comparison to control. It was shown, that the decrease of cytochrome P450 level in the Guerin’s
carcinoma microsomal fraction in the logarithmic phases of oncogenesis under w-3 PUFAs administration
may be associated with its transition into an inactive form — cytochrome P420. This decrease in cytochrome
P450 coincides with increased generation of superoxide by MOS oxygenase chain.
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essential fatty acids that are not synthesized
de novo by mammals and must be consumed
with ration. Excessive ®-6 PUFAs and high ®-6 to
-3 ration in modern diet are important factors in
pathogenesis of various diseases, including cancer
[1]. ®-3 PUFAs have been described to have a pro-
tective effect against cancer progression, though its
molecular mechanisms remain unexplained [2, 3].
Consumed -3 PUFAs are integrated into cel-
lular membranes and then metabolized in by cy-
clooxygenases, lipoxygenases and cytochrome P450
(CYP) [4]. ®-3 PUFAs conversion to oxygenated
products by CYP-catalyzed metabolic pathway is
one of the proposed mechanisms of their antitumor
effects [5], as these products may directly or indi-
rectly affect growth and proliferation of cancer cells
[6, 7]. Moreover, as components of membranes, ®-3
PUFAs help maintain functional state of components
of monooxygenase system (MOS) in endoplasmic re-
ticulum, which affects anticancer drug metabolism.

P olyunsaturated fatty acids (PUFAs) are the
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Thus, the aim of the study was to determine
the variations in functioning of MOS components
in microsomal fraction of Guerin’s carcinoma under
-3 PUFAs administration.

Materials and Methods

The experiments were performed on white fe-
male rats of 90-110 g body mass. The animal experi-
ments were conducted in accordance with Recom-
mendations in Methodology by Bioethics Expert
Committee for Pre-Clinical and Other Studies Per-
formed on Laboratory Animals (Kyiv, 2006). The
animals were kept under standard conditions and
fed granulated K-120-2 ration (Rezon-1, Ukraine).
Guerin’s carcinoma was used as a cancer model.
0.5 ml of 30% carcinoma cell suspension in normal
saline was implanted subcutaneously into thigh of a
hind leg [8]. The animals were assigned to the fol-
lowing groups: I — animals inoculated with Guerin’s
carcinoma (experimental control); II — animals that
were administered ®-3 PUFAs prior- and post-Gue-
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rin’s carcinoma injection; 111 — animals that were ad-
ministered ®-3 PUFAs prior to Guerin’s carcinoma
injection; IV — animals that were administered ®-3
PUFAs post-Guerin’s carcinoma injection.

®-3 PUFAs were administered as Vitrum Car-
dio Omega-3 (Unipharm Inc., USA), derived from
fish oil. The content of the pharmaceutical was ana-
lyzed by HRGC 5300 gas chromatographer (Italy)
in glass column (3.5 m) with Chromosorb W/HP
sorbent in 10% Silar S5CP liquid phase at 140-250 °C
(2 °C per min heating). The fatty acids were identi-
fied by standard Sigma chemicals. The pharmaceuti-
cal was determined to contain 32% eicosapentaenoic
acid and 24% docosahexaenoic acid.

The animals of the corresponding groups were
administered -3 PUFAs for 4 weeks prior to the
carcinoma implantation and then for the entire dura-
tion of tumor growth. Daily dose was 120 mg of ®-3
PUFAs per 1 kg of body mass.

The animals were decapitated under die-
thyl ether sedation at various stages of carcinoma
development: 7-day (latent carcinogenesis), 14-day
(logarithmic carcinoma growth), and 21-day (sta-
ble size). Microsomal fraction was obtained by
differential centrifugation [9] and used to assay
catalytic activity of NADH-cytochrome b, reductase
(EC 1.6.2.2), cytochrome b, content and reduction
rate [10], and cytochrome P450 content and rate of
inactivation (EC 1.14.14.1) [11]. The rate of cyto-
chrome b, reduction was measured at A = 424 nm
and 475 nm at 30 sec intervals and expressed as
AA,,, .5 per mg of protein. The rate of cytochrome
P450 inactivation was measured at A = 420 nm and
450 nm at 3 min intervals and expressed as AA, | .
per nmol of cytochrome P450.

The reactions of reductase and oxygenase elec-
tron-transport chains were initiated by NADH and
NADPH, correspondingly. Production of O,~ was
assayed in nitro blue tetrazolium (NBT) test [12],
in which NBT is reduced to hydrazine tetrazolium
(with maximum absorbance at A = 540 nm) in the
presence of O,~. Rate of O, production was ex-
pressed as nmol hydrazine tetrazolium per min per
mg of protein (nmol'min”-mg"! of protein), assuming
that extinction of 0.325 corresponds to 325 nmol of
superoxide radical [12].

Protein content was measured by Lowry assay
[13]. The data were processed by analysis of variance
method using Student’s #-test.

Results and Discussion

The hydroxylation of ®-3 PUFAs by isoforms
of P450 depends largely on the reductive chain of
MOS. Cytochrome-b, reductase, the first compo-
nent of the chain, passes electrons to cytochrome b,,
which in turn passes them to CYP on the fifth stage
of the monooxygenase cycle. Changes in functioning
of reductive chain of MOS may result in variation
of produced metabolites and direction of CYP-cata-
lyzed reactions [14].

We determined the highest level of NADH-
cytochrome b, reductase activity during logarithmic
growth phase of Guerin’s carcinoma, with consecu-
tive decrease (Fig. 1). This corresponds to a decrease
in cytochrome b, content in this period (Fig. 2) and
increased rate of its oxidation and reduction (Fig. 3,
B), which may compensate for the decrease in its
quantity.

The intensive growth period of Guerin’s carci-
noma is thus associated with increased cytochrome-
b5 reductase activity and rate of cytochrome b, re-
duction, which increased electron transfer to CYP
[15].

The highest NADH-cytochrome b, reductase
activity levels and the lowest cytochrome b, were
detected in animals that were administered -3 PU-
FAs both prior to and post-Guerin’s carcinoma im-
plantation. The cytochrome b, reductase activity in-
creased 1.5 times (Fig. 1), and cytochrome b, content
decreased 2.8 times during intensive tumor growth
phase in the animals of this group in comparison to
experimental control.

Higher NADH-cytochrome b5 reductase activi-
ty facilitates increased electron flow in MOS reduc-
tive chain. Yet under conditions of decreased cyto-
chrome b, content the electrons may be transferred
to molecular oxygen, raising its content 1.6 times
that of control levels (Fig. 4).

The parameters of activity of NADH-depen-
dent reductive systems in animals administered
-3 PUFAs after Guerin’s carcinoma implantation
did not differ from those of control group animals
(Fig. 1, 2, and 3).

Administration of -3 PUFAs prior to carci-
noma implantation leads to increased NADH-cyto-
chrome b, reductase activity (Fig. 1), decreased cyto-
chrome b, content (Fig 2) and rate of cytochrome b,
oxidation (Fig. 3) in comparison to control. Yet the
changes are less pronounced than those of the group

49



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 4

14 -
B |
12 =l
* = Il
* B v
< 10 A
D
*§ *
o 8 T T
©
P #
E 61
£
€
s 4]
€
c
2_
O_
7 14 21

Time after carcinoma implantation, days

Fig. 1. Enzymatic activity of NADH-cytochrome b, reductase in microsomal fraction of Guerin’s carcinoma
under administration of w-3 PUFAs. Hereinafter: 1 — animals inoculated with Guerin’s carcinoma (experi-
mental control); Il — animals that were administered w-3 PUFAs prior to and post-Guerin’s carcinoma injec-
tion; Il — animals that were administered w-3 PUFAs prior to Guerin’s carcinoma injection, 1V — animals
that were administered w-3 PUFAs post-Guerin’s carcinoma injection. * Denotes differences significant in
comparison to group 1 (P < 0.05); # denotes differences significant in comparison to the previous stage of
carcinoma development in the same group (P <0.05)
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Fig. 2. Cytochrome b, content in microsomal fraction of Guerin's carcinoma under administration of ®-3
PUFAs
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Fig. 3. The rate of cytochrome b5 reduction in microsomal fraction of Guerin’s carcinoma under administra-
tion of w-3 PUFAs. A— 7 days after carcinoma implantation; B — 14 days after carcinoma implantation; C— 21

days after carcinoma implantation

receiving ®-3 PUFAs both prior to and post-Guerin’s
carcinoma implantation.

Therefore, w-3 PUFAs administration prior to
and post-implantation of Guerin’s carcinoma leads
to disruptions in functioning of components of MOS
reductive chain.

As cytochrome b, is participating in reactions
catalyzed by various CYP isoforms, its decreased
content and reduction rate may adversely affect CYP
functions.

We found decreased CYP content in microso-
mal fraction of Guerin’s carcinoma in animals of the
group that was administered m-3 PUFAs both before

and post-implantation of the carcinoma in compari-
son to control during initial and logarithmic phases
of carcinogenesis (Fig. 5). The decrease in CYP con-
tent may result from its inactivation and transforma-
tion in the inactive form, cytochrome P420 (Fig. 6).
CYP is processed into cytochrome P420 by modifi-
cations of thiol groups in the active center. Inactive
cytochrome P420 is unstable and rapidly loses heme
in the presence of oxygen [16]. Cytochrome P420
production thus serves as a stage of CYP degrada-
tion in Guerin’s carcinoma cells under ®-3 PUFAs
administration.
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Fig. 4. The rate of superoxide generation by enzymes of reductive chain of MOS in microsomal fraction of

Guerin’s carcinoma under administration of w-3 PUFAs
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Fig. 5. CYP content in microsomal fraction of Guerin’s carcinoma under administration of w-3 PUFAs

Decreased CYP content may lead to disruptions
in monooxygenase cycle. Oxygen may not be fully
incorporated into substrate, but partially released
from triple substrate-CY P-oxygen complex — (RH)
Fe’*(0,") as superoxide radical [16]. We have estab-
lished that a decrease in CYP content is associated
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with increased rate of superoxide generation by oxy-
genative chain of MOS under ®-3 PUFAs adminis-
tration prior to and post-Guerin’s carcinoma implan-
tation. O, generation rate is 1.7 times higher during
initial stage and 1.9 times higher during logarithmic
growth in comparison to control values (Fig. 7). The
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Fig. 6. The rate of CYP inactivation in microsomal fraction of Guerin’s carcinoma under administration of
w-3 PUFAs. A — 7 days after carcinoma implantation; B — 14 days after carcinoma implantation; C — 21 days

after carcinoma implantation

generated superoxide initiates oxidative modifica-
tions of proteins, including MOS constituents, and
lipid peroxidation in endoplasmic reticulum mem-
branes [17].

Therefore, ®-3 PUFAs capacity to affect MOS
action may be one of the mechanisms underlying
their anticancer effect, due to a decrease in cyto-
chrome b, and CYP content and increase in NADH-
cytochrome b, reductase activity, CYP inactivation
rate, and superoxide generation in microsomal frac-
tion of Guerin’s carcinoma.

We propose the following mechanisms for the
observed ®-3 PUFAs influence of MOS:

1. -3 PUFAs may initiate lipid peroxidation
in endoplasmic reticulum membranes followed by
degradation of membrane-bound proteins, including
MOS enzyme complexes;

2. w-3 PUFAs increase generation rates of free
radicals and reactive oxygen species by MOS en-
Zymes;

3. -3 PUFAs are catabolized by CYP into oxi-
dized derivatives that may affect proliferation and
apoptosis of tumor cells.
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Fig. 7. The rate of superoxide generation by enzymes of oxygenative chain of MOS in microsomal fraction of
Guerin’s carcinoma under administration of w-3 PUFAs
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v poboTi TIPOBEACHO TTOCITI KCHHS
ensumMaTuiHoi akTuBHOCTI NADH-muroxpom b,
penyKTa3u, BMICTY 1 IIBUIKOCTI BiJTHOBICHHS
OKHCIIEHHSI IIMTOXPOMY b, BMICTYy 1 HIBUJIKOCTI
iHakTuBarii 1muToxXpomy P450 y wMikpocomHIH
(dpakiii xkapumHOME [epeHa mIypiB 3a BBEIACHHS
-3 momiHeHacuYeHUX KUpHUX Kuciaot (ITHXKK).
Ilokaszano, mo BBeaenHs o-ITHXXKK mo 1 micas
TpaHCIUIAHTAIlli TBapuHAM KapiuHoMu [epe-
Ha, MPUBOJWIO JIO TMiJBUNICHHS EH3UMATHYHOI
aktuBHOCTI NADH-muroxpom b, penykrasu Tta
3HHIKYBAJIO BMICT LUTOXPOMY b, y MIKpPOCOMHIN
(dhpakitii myxauHA B TorapudMidny a3y OHKOTCHe-
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3y MopiBHsIHO 3 KoHTpoJeM. [ligsumiennss NADH-
LUTOXPOM b, PENYKTa3HOI aKTHUBHOCTI CIIPHSIIO
MiJBUIIEHHIO TOTOKY EJEKTPOHIB y peayKTa3HO-
MYy PpENOKC-JIAaHII031 MOHOOKCHT€HAa3HOI CHCTEMH
(MOC). 3a ymMOB 3HMXKEHHS BMICTY LUTOXpOMY b,
AKLENTOPOM EJIEKTPOHIB MOke Oy TH MOJIEKYJISIPHUN
KHCEHb, BHACHIIOK 4oro y 1,6 pasa migBuIyBanach
LIBUKICTh YTBOPEHHS CyNEPOKCHUIHOTO pajHKaia
(0,”) mopiBHsAHO 3 KOHTponeM. BcraHoBieHo, 1o
3HMKEHHSI BMICTy nutoxpomy P450 y MikpocomHii
¢paknii kapumHomu IepeHa cmoctepirajiocs B
norapudMiuny a3y OHKOTEHe3y 3a BBEICHHS -3
IMTHXKXK. 3uuxenns Bmicty mutoxpomy P450 cy-
MPOBOKYBAJIOCS MMiJBULICHHSAM MIBUIKOCTI HOTO
iHaKTHBaLlii Ta mepexoay B HEaKTUBHY (GopMy — 111~
toxpom P420. TTokaszaHo, 110 3HUKESHHS BMICTY IIH-
toxpomy P450 BinOyBaeTbcs Ha OHI TiIBUIIICHHS
resepamnii CynepoKCHAHOTO pajuKaja OKCHUI'eHa3-
HuM nanirorom MOC.

Knwuosi cunosa: NADH-untoxpom b,
penykrasa, HuToXpom b, nuroxpom P450, cymep-
OKCUJHUH pagukajl, MiKpocoMHa (ppakiisi, Kapiru-
HOMa ['epeHa, ®-3 mMoiHEHACHYCH] JKHPHI KUCTIOTH.
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B pabore mpoBeneHo HcciaeqOBaHUE H3MMA-
TH4ecKor akTuBHOCTH NADH-1tnToXxpom b, penyk-
Ta3bl, COICPKAHHUSI M CKOPOCTH BOCCTAHOBJICHHUS
OKHCIIEHHsI LIMTOXpOMA b, CONEPKAHUS M CKOPO-
CTU MHaKTHUBaUuu nutoxpoma P450 B Mukpocom-
HOU (hpakIuu KapLUUHOMBI I'epeHa KpeICc IpH BBe-
JCHUN -3 MOJIMHEHACHIIIEHHBIX XUPHBIX KHCIIOT
(ITHXXK). ITokazano, uto BBenenue -3 ITHXKK, no
1 TOCJIE TPAHCIUIAHTALMH KUBOTHBIM KapLUHOMBI
I'epena, mpuBOAMT K TOBBILICHUIO JH3UMATHYe-
ckoi aktuBHOCTH NADH-1uToxpom b, penyKTassl
Y CHUKEHMIO COJIEPKAHUSA LIUTOXpOMa b, B MHKPO-
COMHOH (hpakIuu OMyXoJid B JIOTapU(MHUECKYIO
(ha3y OHKOreHe3a B CPaBHEHUH C KOHTPOJIEM. YcTa-
HOBJICHO, YTO CHHXXCHUE COICPXaHMS LIUTOXpOMa
P450 B MuKpocoMHON PpaKITiu KapImHOMEI | epeHa
IIPOUCXOAMIIO B JiorapudmMuyeckyo (asy OHKOre-
Hesa npu BeeaeHuu o-3 [THXK. Cauxenue conep-
skaHus nuToxpoma P450 compoBokaanock MOBBI-
LIEHHEM CKOpPOCTH €ro IMepexona B HEAKTHBHYIO
thopmy — mutoxpom P420. ITokazaHo, 4TO CHIIKEHHE
conepxanus muToxpoma P450 mpoucxoaut Ha GoHe
MOBBIILICHUSI TEHEPALIMH CYTIEPOKCHIHOTO pajiuKaa
okcurenasuoi nenu MOC.

Knwuesbie caosa: NADH-nutoxpom b,
pelnyKrasa, HUToXpom b, muroxpom P450, cymep-
OKCHUJIHBIN paJiuKall, MUKpOCOMHas (paxius, Kap-
nmHoMa ['epena, ®-3 MoJIMHEHACHIIIIEHHBIE YK PHBIE
KHCIIOTHI.
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