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BREED-SPECIFIC PROOXIDANT-ANTIOXIDANT BALANCE
OF GEESE MUSCLE TISSUE IN ONTOGENESIS

Maximum content of lipid peroxidation end-products in the striated muscles of Legart geese was
found at the end of embryonic ontogenesis. The content increased by 1.88 times compared to the input
values. An antioxidant activity of the tissue reduced by 3.00 times during the ontogenesis. However,
the increasing of antioxidant enzymes activity provided the maintenance of prooxidant-antioxidant
balance in this period. There were no significant changes of the total unsaturated fatty acid content and
the total tissue lipid unsaturation during the last week of embryogenesis in Legart breed. The content
of lipid breakdown end-products in the original homogenate and after induction of peroxidation by
Fe2+ ions in the skeletal muscles of Kharkiv breed had no weighty changes during the embryonic
period. The highest values were on the 1st day of postnatal ontogenesis. There was a minimal value of
antioxidant activity with its subsequent increase during the same period. Due to the activity of
antioxidant protection enzymes, prooxidant-antioxidant balance in the skeletal muscles of Kharkiv
breed was maintained. The activity is at a consistently high level during 22nd-28th days of
embryogenesis. The average level of superoxide dismutase activity in the skeletal muscles of Kharkiv
breed exceeded the value in Legart breed by 2.09 times, while glutathione peroxidase and catalase
activity were at the same level. A prevalence of the superoxide dismutase in the antioxidant activity
system indicated on higher adaptive breed potential — an average antioxidant activity was 1.5 times
higher for the skeletal muscles of Kharkiv breed. Breed specificity is aimed to adapt goose organism
to hyperoxia of atmospheric respiration in the skeletal muscles. Legart breed geese use the activation
of antioxidant enzymes, whereas Kharkiv breed geese involve much more antioxidant enzymes —
superoxide dismutase, probably, alternative mechanisms and low molecular weight antioxidants. It is
established that the reduction of the total content of unsaturated fatty acids and unsaturation for this
type of tissue and these breeds is not typical.
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The antioxidant defense system (ADS) plays an important role in the body's prooxidant-antioxidant
homeostasis maintaining at all stages of ontogenesis. The system neutralizes free radicals and prevents
the accumulation of lipid peroxidation products [11, 21]. According to the physiological norm, these
processes are an integral part of metabolism, because a number of substances involved in the processes
of intracellular signalling and functions regulation are produced in the course of oxidative processes
[16, 19]. However, the normal functioning of the organism is possible only in the case of maintaining
balance between the production and inactivation of reactive oxygen forms. Their excessive formation
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activates the processes of lipid peroxidation and disruption of various cell functions [21]. The
maintenance mechanisms of redox homeostasis in different types of tissues differ due to the intensity
of metabolism and the degree of tissue oxygen consumption [11]. In addition, species traits and breed
features determine these mechanisms. This issue is especially relevant in poultry farming. There is
much data in the papers about the particular biochemical features in various poultry species, including
geese [3, 5, 14, 18]. It is known that the violation of prooxidant-antioxidant balance in the mismatch of
the keeping and feeding technology leads to the decrease of productivity and interrupts realization of
the bird’s genetic potential. A number of recent studies have investigated the particularities of
prooxidant-antioxidant balance in different geese breeds all over the world [5, 13, 14, 18]. However,
the breed and tissue specificity of the redox balance requires in-depth study, in particular, for the most
common breeds: Kharkiv (Great Gray) and Legart. Therefore, the goal of this study was the
assessment of the ontogenetic peculiarities of prooxidant-antioxidant balance in the tissues of these
goose breeds during the embryonic and early postnatal ontogenesis.

Materials and methods

The research followed the principles of bioethics, legislation and requirements in accordance with the
provisions of the European Convention for the Protection of Vertebrate Animals Used for
Experimental and other Scientific Purposes (Strasbourg, 1986), the General Ethical Principles for
Animal Experiments (Ukraine, 2001) and Commission on Bioethics of the Bogdan Khmelnitsky
Melitopol State Pedagogical University (Nel, 15.09.2015).

Eggs of breeds Legart (average weight = 150.52 £ 7.53 g) and Kharkiv (average weight = 145.7
+ 2.6 g) were used for incubation. Studies of the ADS system in embryogenesis were performed in
physiologically justified terms: 15th day — closure of the allantois, the presence of a formed liver, 22nd
day — transition from protein to yolk nutrition, 28th day — embryos transfer to excretion. In the
postnatal period, studies were limited by the 14th day of age [2]. The activity of antioxidant enzymes
was determined by commonly used methods: superoxide dismutase activity (SOD; EC 1.15.1.1.) [6],
catalase activity (CAT; EC 1.11.1.6) [7], glutathione peroxidase activity (GPO; EC 1.11.1.9 [1].

The intensity of lipids peroxidation (LPO) in the tissues was assessed by the level of TBA-
active products (TBCA) [8]. Determination of the concentration of these products was performed in
tissue homogenates (TBCA,) and after LPO initiated by Fe** (TBCA,). The coefficient of antioxidant
activity (Kaoa), which is calculated as the ratio of TBCA, to TBCA;, was used to carry out the
integrated assessment of the ADS state [2].

The FA content was determined by gas-liquid chromatography. Lipids were extracted using
Bligh and Dyer method with modification [17, 20]. Preparation of samples, hydrolysis of esters and
methylation of FA were performed by the method [15]. The FA composition of lipids was determined
on a Carlo Erba chromatograph. Chromosorb W/DP with phase of Silar SCP («Serva», Germany) was
used (concentration: 10 %, temperature: 140-250 °C, growth rate: 2 °C/min, injector temperature: 210
°C, detector temperature: 240 °C). In addition to the total content of unsaturated FAs (UFA) (Zc), the
total equivalent concentration of UFA relative to multiple bonds (unsaturation, In) umol*g” was
calculated [2].

Statistical processing of the results was performed using analysis of variance. Assessing the
reliability of the difference between the control and experimental groups of geese was determined
using the ANOVA test [12]. The difference was considered as significant at p<0.05, using the software
package SPSS v.23, and MS Excel 2019.

Results and discussion

In the muscle tissues of Legart geese, a maximum content of LPO final products (TBCA;) was
detected at the end of their embryonic development. Their content increased 1.88 times compared to
22-day-old embryos value (Table).

The activity of antioxidant system decreased (the decrease of Kaoa by 3.00 times was observed)
corresponding to the activation of peroxidation (Fig. 1). However, the maintenance of prooxidant-
antioxidant balance in this period was provided by increasing the activity of all enzymes of antioxidant
defence (SOD, CAT, GPO) at the 1st day of postnatal ontogenesis. A significant 13.5-time increase of
the antioxidant activity of the tissue confirmed this fact.
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The total content of unsaturated fatty acids (UFA) and the total unsaturation of tissue lipids did

not change significantly in the tissue of Legart breed during the last week of embryogenesis (Fig. 2).

The results of our previous work showed a significant decrease in the content of docosapentaenoic

(1.59 times) and arachidonic (1.40 times) acids [10]. These changes can be regarded as the one of the

mechanisms of LPO inhibition in the content of polyunsaturated fatty acids during the hyperoxia in the
beginning of atmospheric respiration [11].

Table

Biochemical parameters of skeletal muscle tissue in geese (X £ E, n = 6; B - breed; ) - total lipid
unsaturation; L — Legart breed; K — Kharkiv breed)

Age, days
Parameter B 22-day-old 28-day old It postnatal day 7th postnatal 14th postnatal
embryos embryos day day
S % ofthe | L | 50,83%0,77 51,51+0,64 53,08+0,57 57,83+0,80 52,08+0,43
total FA K| 51,170,56 55,21+0,76 52,08+0,60 52,55+0,63 51,60+0,58
N L | 029+0,01 0,2740,01 0,33+0,00* 0,30+0,00 0,36+0,01*
umol/g FW | K| 032+0,02# | 0,35+0,02%# 0,31+0,02 0,29+0,01 0,31+0,01#
TBCA,content, | L | 6,5020,50 3,65+086* 13,40+0,86* 38,57+2,49% 6,09+0,01*
nmol/g FW | K | 3426+1,60%# | 31,83+1,30# 44,50+1,90%# 41,57+0,40 | 18,35+1,00%#
TBCA;content, | L | 5481001 | 103,12+0,50% 24,76+0,50% 58,8742,49% | 3573+348*
nmol/g FW | K | 84.612040%# | 8347x1,60# | 13527+2,10% | 56,03£320% | 43,03+0,50%#
Kaon. L | 0,12+0,01 0,04+0,01% 0,54+0,03* 0,66+0,04* 0,17+0,02%
conditional units | K | 0.40+0,02# 0,380,024 0,33+0,02%# 0,74+0,04%# | 0,43+0,02%#
CAT, L | 37.43+3,59 65,08+6,17* 24,78+2,05% 30,4842,07% | 47,03+447*
”K“g%’”xg K | 33,00£1,50 | 27,00:0,80% |  29,50+0,90 31,0060,90 | 29,00+1,70#
SOD, L| 937036 11,75+0.87 19.05+1,67* 6.16+0,30* 4.99+0,23*
conditional
”’”% (‘;/”)l”Xg K | 33,30£2,40# | 26,20+2,10%# 21,40+1,20 9,50+0,60%# | 15,10£1,40%#
GPO, L | 956+0,75 15,61+0,61% 2.26+0,18* 45,22+0,01% 4,5140,16%
mmog(v(/t)unxg K| 6,53+0.80# | 21,15+1,90%# 20,67+0,60# 8,25+0,60%# | 13,33%1,40%#

Note: FW, fresh weight; *, the difference is significant relative to the previous value, p -

<0.05; #, the difference is significant relative to group 1, p-<0.05

Thus, genetically programmed transition from hypoxia at the end of the embryonic period to
hyperoxia of atmospheric respiration of 28-day-old embryos involves activation of the antioxidant
system. There was a decrease in the content of individual PUFAs during the fourth week of
embryogenesis. It caused the increase of tissues resistance to the disturbance of prooxidant-antioxidant
balance and the start of LPO processes. There was no significant decrease in unsaturation and in the
content of unsaturated fatty acids. Therefore, the low molecular weight antioxidants (vitamin A, E, B-
carotene and others) can be very important in this period [9].

ISSN 2078-2357. Hayxk. 3an. TepHor. Han. nien. yH-Ty. Cep. bion., 2022. T. 82, Ne 1-2 39



BIOXIMIA

1
§ 0,8
;.'I
§ 0,6 * * * _} *
S o4 g OLegart breed
s %7 % ; .
§ 02 g g Kharkiv breed
s m
. .
-8 -2 0 7
Age, days

Fig.1. Antioxidant activities of skeletal muscle tissue in geese (M + m, n = 06).

Note. *, the difference is significant between the groups, p <0.05; -8, -2 — 22nd and 28th
days of embryogenesis; 0, 7, and 14 — 1, 7th and 14th days of postnatal ontogenesis
respectively.

The content of TBCA, and TBCA; in the skeletal muscles of Kharkiv breed had no significant
changes during the embryonic period. The highest value of both indicators acquired on the 1st day of
postnatal ontogenesis — the content of TBCA, and TBCA, increased by 1.40 and 1.62 times compared
to the previous value. The minimum value of Kaoa (decreasing by 1.15 times relative to the previous
value) was in the same period. Further, the increase in Kaoa was registered — it reached a maximum
level on the 7th day of postnatal ontogenesis. The obtained results coincide with the data for a similar
tissue of Legart geese and for the myocardium of Kharkiv breed [18]. Nevertheless, we found the
contradiction in the data for skeletal muscles of Italian breed, which have the maximum value of Kaoa
on the 14th day of embryogenesis [5]. Probably the low molecular weight antioxidants, which come
with food, causes such increase in tissue antioxidant status on the 7th day of postnatal ontogenesis.
The activity of antioxidant enzymes in this period was significantly reduced (GPO in 2.51 and SOD in
2.25 times, respectively). Analysis of changes in lipid FAC indicated a stable level of total UFA
content and lipids unsaturation during the experiment. Thus, the maintenance of prooxidant-
antioxidant balance in the skeletal muscles of Kharkiv breed geese was realized mainly due to the
antioxidant protection enzymes — their activity was at a consistently high level during the 22-28th days
of embryogenesis. Probably, alternative mechanisms, such as low molecular weight antioxidants can
be additionally involved.

> 0,4 *
= Z % 7 %
g nEanemn
25 nmanu
SEEREL B El B
£3 g g g g g OLegart breed
E s- é é é é é & Kharkiv breed
RN B RN
=

Age, days

Fig. 2. Total unsaturation of fatty acids of skeletal muscle tissue in geese (M + m, n = 6).
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The skeletal muscles of Kharkiv breed geese exceed the corresponding Legart’s SOD-activity
index by 2.09 times, while GPO and CAT activities were at the same level compared to the average
level of SOD activity. Since SOD is the main enzyme of the ADS, it may indicate a higher adaptive
potential of the breed. The average value of Kaoa, which is 1.5 times higher for the skeletal muscles of
Kharkiv breed geese, points to it. However, the skeletal muscle tissue of Legart breed has a lower
average content of TBCA, and TBCA; in 2.63 and 1.54 times.

Conclusions

Breed specificity is aimed to adapt the geese functionality to hyperoxia of atmospheric respiration in
the skeletal muscles. Legart breed use the activation of the antioxidant enzymes, and Kharkiv breed
geese utilized also superoxide dismutase activation, accompanied, probably, with some other defense
mechanisms, including low molecular weight antioxidants. The reduction strategy of the total content
of unsaturated fatty acids and the rate of their unsaturation for this type of tissue and goose breeds is
not typical.
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ITOPOIHA CIHHEHU®IYHICTDH HII[TPI/IMKICI [TPOOKCUJJAHTHO-AHTUOKCUJJAHTHOI
PIBHOBAT'U M’ 130BOI TKAHMHM I'VCEU B OHTOI'EHE3I

BceraHoBieHO MakCHManbHUM BMICT KIHIEBHX TPOAYKTIB IMEPOKCHIHOTO OKWUCHEHHS JiMiIiB Yy
MMOCMYTOBAaHUX M’s3ax Tyced mopoam Jlerapr y KiHII eMOpIOHAIBHOTO OHTOT€HE3y — BIiH
migBuITyBaBcs y 1,88 pa3iB MOpiBHSHO 3 MOTEpeaHIM 3HAYeHHSAM. Ha T akTHBaIli IEepOKCHIHOTO
OKHCHCHHS 3HIDKYETHCS AHTUOKCUJAHTHA aKTHBHICTH TKaHWHH y 3,00 pasu. OpHak miaTpuMkKa
MPOOKCHIAHTHO-aHTHOKCH/IAHTHOT PIBHOBAard B JTaHWUW TIEPioJ 3a0e3MMeuy€eThCsl 3aBASKY I IBUIIICHHIO
aKTHBHOCTI €H3UMIiB aHTHOKCHUAAHTHOTO 3axucTy. [t mopoau Jlerapt, BOpOAOBK OCTAHHBOTO THKHS
eMOpioreHe3y CyMapHHI BMIiCT HEHACHYCHUX JKUPHHUX KHCJIOT Ta 3arajbHa HEHACWYCHICTh JIMiJiB
TKaHWHU JIOCTOBIpHO HE 3MiHIOBanucs. J[s CKeeTHUX M sI3iB Tycell XapKiBChbKOI MOPOAH BIIPOJOBK
eMOpPIOHATLHOTO TEpioAy MOCTOBIPHHMX 3MiH BMICTY KIHIICBHX MPOAYKTIB pO3Mamy JIMiAIB K Y
BHMXiZJHOMY TIOMOT€HATi TaK i ICIs iHAYKyBaHHS IE€POKCHIHOTO OKHCHEHHS WHoHamu Fe** He
BCTaHOBJICHO, HAWBUINOTO 3HAYEHHS OOMIBAa MOKa3HWUKKM HaOyBanmu Ha 1-y 100y MOCTHATAIIEHOTO
OHTOTEHE3y. Y IIeH mepioj] BiI3HAYAIOCS TaKOXK MiHIMaJbHE 3HAYCHHS aHTHOKCHIAHTHOI aKTHBHOCTI
13 TOJANBIIAM WOTro MiABHIICHHSIM. [liATprMKa NPOOKCHIAHTHO-aHTHOKCHIAHTHOI PIBHOBArd ¥y
CKEJICTHUX M si3aX Tycel XapKiBChKOI IMOPOAM Pealli3yeThCsl, TOJJOBHUM YHMHOM, 332 PaXyHOK €H3HMMIB
AHTUOKCHJIAHTHOTO 3aXUCTY, aKTHBHICTh SIKUX 3HAXOAHUTHCSA HA CTa0LIBHO BHCOKOMY PiBHI BIPOJIOBXK
22-28-1 ni6 emOpiorene3y. 3a cepeqHiM piBHEM CYNEPOKCHITUCMYTa3HOI aKTHBHOCTI CKEJIETHI M 31
ryceil XxapKiBcbKO1 IOPOAX MEPEBUILYIOTh BiJNOBIIHUN MOKa3HUK JerapTiB y 2,09 pasiB, B To# yac sk
DJIyTaTiOHNEPOKCUIa3Ha Tal KaTajla3Ha aKTHUBHOCTI 3HAXOMATHCS HAa OJHAKOBOMY piBHI. OCKUIbKH
CYTIEPOKCH/IINICMyTa3a € OCHOBHHUM €H3UMOM CHCTEMH aHTHOKCHIAHTHOTO 3aXHCTy, M€ MOXKe
BKa3yBaTH Ha OIIBII BUCOKWH afanTaIlifHUI TOTEHINAN TOPOIH, SKa IeMOHCTpye Bumie y 1,5 pazis
CepelHE 3HAYCHHS aHTHOKCHUJAHTHOI aKTUBHOCTI Y CKEJICTHUX M si3aX Tycel y XapKiBChKOI MOPOJIH.
IToponna crendidHiCTh CIPIMOBaHA HA agalTallil0 OpraHi3My I'yceil 0 rimepokcii atMochepHOro
JIUXaHHS Y CKEJIETHUX M si3aX Tycel XapKiBChbKOI OPOAM Ta TIOPOIH JIeTap ], BUZHAYAETHCS y JIeTapiB
- IUIAXOM aKTHUBi3allii aHTUOKCUJAHTHUX CH3UMIB, & Yy TyCei XapKiBCHKOI TOPOAM 3a pPaxyHOK
AHTUOKCHJAHTHUX CH3WMMIB, TMEPCBAXHO CYNCPOKCUAIUCMYTa3d, Ta, WMOBIPHO, 3allydeHHS
albTEPHATUBHUX MEXaHi3MiB, Ta HH3bKOMOJIEKYJSIPHUX AaHTHOKCHAAHTIB. BCTaHOBIEHO, IO
MEXaHi3MH 3HWKCHHS 3arajlbHOTO BMICTY HCHACHYCHUX KUPHUX KHCJIOT Ta HEHACHUYCHOCTI IS
JTAHOTO TUIY TKAHWHU Ta TIOPiJ T'ycell He XapaKTepHi.
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