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Abstract 

Smutn:i M., E. Petrovsky, J. Podany, A. Konecny, O.Synek: Variability of the 
Lipid Peroxidation Potential in the Erythrocytes of the Domestic Fowl. Acta vet. 
Brno, 47, 1978: 137-143. 

The present study deals with investigations of the lipid peroxidation of erythrocyte 
membranes of the domcstic fowl. When elaborating the optimal method, hydrogen 
peroxide was used as activator. Studies of the variability of the concentration of the 
lipid peroxidation potential showed that its variability was affected by several fac
tors, such as age, sex, sexual maturity and nutrition. Before sexual maturity no 
significant differences were found between the fowls of both sexes. In the period 
of sexual maturity the hens had a higher concentration of malonyldialdehyde than 
cocks. In samples taken from birds bred and kept using standard mixtures accord
ing to the Czechoslovak formula (KZK) the level of malonyldialdehyde was affected 
neither by age nor by sex. On the other hand, feeding a biologically better mixture 
(K) and a mixture with a high content of maize during the egg laying period led to the 
manifestation of statistically significant differences due to age and sex. 

Age, sex, chicken, nutrition. 

The basic building stones of biological membranes, the phospholipids, represent more than 
one half of the total lipids of membranes of erythrocytes. The main phospholipids of erythrocyte 
membranes arc phosphatidylcholine, phosphatidyletanolamine and sphingomeylin; to a smaller 
extent also phosphatidylinositol, phosphatidylserin, lysophosphatidylcholine, and phosphatidic 
acid. 

The lipid component of the membrane, especially the polyunsaturated fatty acids esterified in 
phospholipids, were found to respond very sensitively to the effect of chemical, physical and 
biological catalysts in that they changed their structure and properties. In this connection, great 
attention was devoted to the peroxidation of polyunsaturated fatty acids in various biological sys
tems (Thiele and Huff 1960; Heath and Packer 1965; Barber 1966; Wills 1969; Sharma 
et al. 1972; Stossel et al. 1974). The breakdown of polyunsaturated fatty acids leads to the forma
tion of a mixture of various degradation products. Primarily, free radicals are formed temporarily, 
secondarily aldehydes, namely malonyldialdehyde, hydroxy acids, polymers, etc. (Bernheim 
1963; Barber and Bernheim 1967; Placer 1968). The determination of malonyldialdehyde 
(MDA) by means of colour reaction with 2-thiobarbituric acid is considered to be a reliable and 
relatively widely sprcad method of lipid peroxidation studies, along with a time and labour con
suming method of determination of conjugated dienes, oxidation of reduced nicotinamideadenin
dinucleotidphosphate coenzyme, or by measuring the oxygen consumption. 

Studies of lipid peroxidation of blood elements are concentrated to present problems of medicine, 
associated namely with blood transfusions, such as e. g. the ageing of blood platelets accompanied 
with the loss of their normal function, decreased viability of all cellular elements after a long-term 
storage of blood, etc. (Okuma et al. 1970). Many details are known about the dynamics of lipid 
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peroxidation in these systems. On the contrary, lipid peroxidation of poultry erythrocytes has not 
yet been elaborated. Therefore, the aim of the present study has been to investigate the peroxi
dation of erythrocytes of the domestic fowl and to acquire data on the variability of the lipid per
oxidation potential of this animal species. 

Materials and Methods 

For the experiments we used hens and cocks of the Rhode Island Red breed (RIR, 196 days 
old) and Barred Plymouth Rock (BPR, 123 and 205 days old, resp.) from the School Farm of 
the University of Agriculture Bmo. Fowls of the BPR breed were taken from two groups with 
different nutrition. The standard group was fed a K and KZK mixture, the other group was 
fed a K mixture over the whole period of rearing. During the egg laying period the first group 
was fed a NP mixture, the other group an experimental mixture with a high maize content (50 %). 

Erythrocyte suspension: A 5 % suspension of erythrocytes was used for the experiments 
obtained from citrate blood washed three times in the saline. The number of erythrocytes in the 
suspension was determined using Biirker's counting chamber. 

Deteremination of the MDA concentration: After an aerobic pre-incubation lasting 
600 s, the 2.7 ml suspension of erythrocytes was incubated at 310 K with an activator (0.3 ml) 
in a Warburg manometric apparatus under continuous shaking; Incubation of the given period 
of 5.4. 103.S was finished by adding 3 ml of 20 % trichloroacetic acid and after 600 s of standing the 
precipitate was filtered. The aliquot portion of deproteinized filtrate was mixed with the same vo
lume of 0.5 % 2-thiobarbituric acid in 10 % trichloroacetic acid. The mixture was boiled for 600 s 
in a water bath, then was cooled and the colouration intensity, dependent on the amount of MDA, 
was measured on a Specol photocolorimeter (Zeiss Jena) at 535 nm against a blank. The blank 
was prepared in an analogical way using a physiological solution (0.3 ml) instead of an activator. 

Calibration: The reproducibility of the method was tested by determining the extinction molar 
MDA coefficient which was prepared by acid hydrolysis of 1,1,3,3-tetraethoxypropane (the firm 
Fluka). The value of the extinction molar MDA coefficient was 1.44 . 10 m 2 • mol-to The results 
were expressed in ,limol of the MDA formed per 10' of erythrocytes. 

Activators: As an activator we used 0.2 M of hydrogen peroxide; the accuracy of its molarity 
was determined by titration with potassium permanganate. (In an orientation experiment it was 
proved that Cu2+ ions used for the activation of lipid peroxidation of various biological materials 
are inapplicable for erythrocytes of the domestic fowl because they cause turbidity.) 

Statistical evaluation of the results consisted in calculations of the basic statistical values 
(x, x, s, V) and in finding the significance of differences in the groups studied using variance 
analysis. 

Results 

Determination of the MDA level in RIR hens and cocks at the 
age of 196 days 

Tables 1 and 2 show the basic statistical values of the MDA concentrations 
of erythrocytes of RIR cocks and hens and comparisons of the difference between 
sexes using variance analysis. From the tables it is evident that the lipid peroxi
dation potential of erythrocytes of hens is higher (17.6/tmol. 10-4 of erythro
cytes) than that of the cocks (11.2 /tmol. 10-4 of erythrocytes). At the same time 
the variance analysis showed that the difference between sexes is below the limit 
of significance. Undoubtedly, it is due to the considerable variability of the 
characteristics given in both sexes and the low number of birds investigated. 

Table 1 
Basic statistical data on the concentration of malonyldialdehyde in the suspension of red blood 

corpuscles in the RIR breed after aerobic incubation with H,O, 

I I 
MDA concentration (I'moi. 10-' of erythrocytes) 

Sex Number 
it I ·x I ·x I V 

Cocks 

I 
6 

I 
11.18 

I 
1.68 

I 
4.12 

I 
36.90 

Hens 6 17.59 3.07 7.54 42.86 
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Table 2 
Variance analysis of malonyldialdehyde concentration in cocks and hens of the RIR breed 

Source of variability I Sum of squares I Degrees of freedom I Variances I Value F 

Between groups 

I 
123.25 

I 
1 

I 
123.25 I 3.334 

Within groups 369.62 10 36.96 I 
Total I 492.87 

I 
11 

I 
-

I 

Determination of the MDA level in EPR hens and cocks of two 
age categories 

BPR hens and cocks were tested in the period before sexual maturity (123 
days of age) and in the period of maximum egg laying (205 days of age). Analyzed 
samples were obtained from two genetically similar groups kept under different 
conditions of nutrition. In both age categories under a complex evaluation of 
birds kept .under different conditions of nutrition, the average values of lipid 
peroxidation were lower in cocks; at the same time, the values of the MDA 
concentration at the age of 205 days 
in both the hens and the cocks 
were twice as high as the values 
obtained at the age of 123 days 
(Fig. 1). Using two-factorial variance 
analysis (Tab. 3) it was found that 
the effect of sex on the intensity of 
lipid peroxidation was statistically 
significant, the effect of age statisti
cally highly significant; however, 
no interaction was found between 
sex and age. Also the effect of age 
was observed in the variability of 
the character studied, i. e. in its 
decrease. The values of the varia
tion coefficient in the 1st and 2nd 
measurements were 68 % and 54 %, 
resp., for the cocks, and 45 % and 
34 %, resp., for the hens (Tab. 4). 

2S 

lS 

10 

O-cock 
.-hen 

123 DAYS 205 

Fig. 1. 
Average concentration of malonyldialdehyde in a 
suspension of red blood corpuscles of the BPR breed 

after aerobic incubation with H 20 2• 

Table 3 
Two-factorial variance analysis of malonyldialdehyde concentration in a suspension of red blood 

corpuscles of the BPR breed 

Source of variability I Sum of squares I Degree of freedom I Variances I Value F 

Sex 229.40 1 229.40 7.0693* 
Age 937.71 1 937.71 28.8971** 
Interaction 54.96 1 54.96 1.6936 
Facton known total 1222.15 3 407.38 12.5541** 
Within groups 1427.75 44 32.45 
(Residuum) 

Total I 2649.90 I 47 I I 
*p = 0.05, '*p = 0.01 
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Table 4 
Two-factorial variance analysis of malonyldialdehyde concentration in a suspension of reel blood 

corpuscles of the BPR breed in relationship to age 

Age 123 days 

Value I 

Age 205 days I Source of 
variability Sum of 

I 
Degree of 

I Variances I 
Sum of 

I 
Degree of 

I Variances I V"i-ue 
squares freedom F i squares freedom 

I 

Sex 28.38 1 28.38 1.73 250.17 1 250.17 8.91" 
Nutrition 35.53 1 35.53 2.17 480.55 1 480.55 17.12" 
Interaction 18.13 1 18.13 1.11 6.44 1 6.44 0.23 
Factors known 
total 82.04 3 27.34 1.67 737.16 3 245.72 8.75'* 
Within groups 561.16 20 28.06 
(Residuum) 327.55 20 16.38 , 

Total 
I 

409.59 
I 

23 I I I 1298.40 I 23 
I I I 

*. p = 0.01 

gives a more detailed evaluation of the effect of age on the differences between 
sex in the MDA concentration. The table shows that the sex factor was 
significant only during the egg laying period. 

MDA level in BPR hens and cocks under conditions of different 
nutrition 

The samples of the BPR breed were from two genetically similar groups reared 
under different conditions of nutrition. The average values of MDA concentra-

30 tion of birds of both sexes given stan

25 

20 

15 

10 

•• - standard diet 
o A . spedal diet 

o ·hen 
A . cock 

123 DAYS 205 

Table 5 

dard nutrition in the period before 
sexual maturity were higher as com
pared with hens and cocks given spe
cial nutrition; however, during the 
egg laying period (205 days of age) 
the situation was reverse (Fig 2). Two
factorial variance analysis of the MDA 

Fig. 2. 
Average concentration of malonyldialdehyde 
in a suspension of red blood corpuscles of the 
BPR breed as affected by nutrition and age. 

Two-factorial variance analysis of malonyldialdehyde concentration in a suspension of red blood 
corpuscles of the BPR breed as related to different nutrition 

Standard Nutrition I. Special nutrition II. 
Source of 
variability Sum of 

I 
Degree of I Variances I 

Value Sum of 

I 
Degree of 

I Variances I v~ue squares freedom F squares freedom 

Sex 83.35 1 83.35 3.37 144.74 1 144.74 7.34* 
Age 56.76 1 56.76 2.29 1275.73 1 1275.73 64.72** 
Interaction 70.42 1 70.42 2.85 2.40 1 2.40 0.12 
Factors known 
total 210.53 3 70.18 2.84 1422.87 3 474.29 24.06*' 
Within groups 
(Residuum) 494.52 20 24.73 394.20 20 19.71 

Total 
I 

705.06 I 23 
I I I 

1817.07 
I 

23 I I 
• p = 0.05, .. P = 0.01 
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concentration in a suspension of erythrocytes performed separately because of 
the different nutrition proved that the effect of age was statistically significant 
only in fowls given special nutrition (Tab. 5). More detailed analyses of this 
effect proved that the effect of sex was significant only at the age of 205 days 
(Tab. 4). The effect of age on the intensity of lipid peroxidation in the period 
of sexual maturity was found to be highly significant in birds of both sexes given 
special nutrition (Tabs. 4 and 5), whereas no differences were found at the age 
of 123 days (before sexual maturity) as regards sex and nutrition (Tab. 4). 

Discussion 

The effect of hydrogen peroxide proved the lipid peroxidation potential of 
erythrocytes of the domestic fowl manifested in MDA formation, which is in 
accordance with the results of Stocks and Dormandy (1971) on the effects 
of hydrogen peroxide on the lipid components of erythrocytes of man. The ery
throcytes not activated by peroxide revealed a low peroxidation activity, a fact very 
surprising due to the high phospholipid content and high intracellular concentra
tion of oxygen and haemoglobin which represent strong catalysts of p~roxida-
tion .. '. . . " :". 

Bivalent ions of copper "used in studies of linoleic acid peroxidation(Haase 
and Dunkley 1969) and cells (Smutna 1975) evoked a fine precipitate in the 
final solutions even though the primary filtrate with trichloroacetic acid was ~om
pletely dear. 

In a general evaluation of the problem, it is necessary to draw attention, to the 
peculiarities of the morphology of bird erythrocytes. consisting of a nucleus, 
"mitochondria" and endoplasmic reticulum. Further, several properties of the 
superficial membrane of erythrocytes were described in the domestic fowl modified 
during the egg laying period, i. e. the agglutinability of the blood corpuscles with 
viruses (Salminen 1959), manifestation of the Hi agglutinogen (Scheinberck 
and Reckel 1962) and the lysis of blood corpuscles of the domestic fowl with 
fluids of the sexual glands of some species of farm animals (Petrovsky and 
Babak 1973). 

It is noteworthy that birds are capable of utilizing relatively large amounts of 
fats from the diet, whilst the mixture should be enriched with some antioxida
tion substances only when the doses are high (vitamin E and selenium). During 
the egg laying period there is a transport of enormous quantities of lipids in the 
organism of the domestic fowl, which, undoubtedly, bears evidence of the exis
tence of a highly effective antiperoxidation system. Last but not least, it is necess
ary to bear in mind that the resulting peroxidation capability of tissues and cells 
is the product of a very complex interaction in which the instantaneous concentra
tion of unsaturated fatty acids (substrate of reaction), presence of substances and 
activators capable of oxidation and, finally, the presence of inhibitors participate. 
For. the time being, we cannot define which component of reaction affected the 
factors studied because we have no comparable information about the effect 
of factors of the external and internal milieu on the lipid peroxidation potential 
of erythrocytes of the domestic fowl. 

In general, we assume that the methods elaborated for the quantitative studies 
of lipid peroxidation of erythrocytes of the domestic fowl will be continued in 
many future investigations of a theoretical and practical character. 
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Variabilita IipoperoxidaCniho potenci81u erytrocytti kura 

V praci byla sledovllna. problematika peroxidace lipidu membrin erytroeytU 
kura. Pii vypracovam optimaIni metodiky jsme jako aktivatoru pouiili peroxid 
vodiku. Pfi studiu prommIivosti koncentrace lipoperoxidaCnfho potenciaIu jsme 
zjistili, Ze variabilita teto vlastnosti je ovlivnovana iadou faktorli, jako jsou staff> 
pohlavf, pohlavni dospelost a vYiiva. Pied pohlavni dospeIosti nebyly zjisteny 
vYrazne rozdily mezi jedinci obou pohlavi. V dobe pohlavni dospelosti se slepice 
vyznacovaly vyssi koncentraci malonyldialdehydu neZ kohouti. Ve vzorcich 
zfskanych od jedinc1i odchovavanych a chovanych pomocf standardnfch smesi podle 
Cs receptur (KZK) nebyla hladina malonyldialdehydu ovlivnena ani staiim, ani 
pohlavim. Naproti tomu krmeni biologicky hodnotnejsf smesf (K) v odchovu 
a smesf s vysokjm obsahem kukufice v dobe snasky vedlo k manifestaci statisticky 
prUkaznych rozdilu vlivem staff i pohlavi. 

PaSHOBH.tUIOCTI> JIHJIOJIepeKHCHoro JIOTeH~HUa SpHTPO~HTOB KyPH~W 

B pa60Te paCCMaTpHBaJIaCh npo6JIeMaTHKa nOJIyqeHHH nepeKHCH JIHnH,I10B MeM-

6paH SpHTPO~HTOB KypHn;hI. B XO,l1e paSpa6OTI<H OnTHMaJIhHOH MeTO,l1HI<H 6hIJIa 

HaMH B I<a'leCTBe aI<THBaTOpa HCnOJIhSOBaHa nepeI<HCh BO,l1opo,l1a. B npon;ecce HSY

'1eHHH paSHOBH,I1HOCTH I<OHD;eHTpan;HH JIHnonepeI<HCHOrO nOTeHD;HaJIa HaMH 6hIJIO 

YCTaHOBJIeHO, 'ITO HSMeH'lHBOCTh ,I1aHHOrO CBOHCTBa HaXO,l1HTCH no,l1 BJIHHHHeM 

n;eJIoro pH,I1a 4'aI<TOpOB, I<aI< HanpHMep, BospaCT, nOJI, nOJIOBaH SpeJIOCTh H nHTa

HHe. IIepe,l1 nOJIOBOH SpeJIOCThIO He 6hIJIa BhIHBJIeHa Cytn;ecTBeHHaH paSHHn;a Me>I<

,I1Y HH,I1HBH,I1YYMaMH 060HX nOJIOB. Bo BpeMH nOJIOBOH SpeJIOCTH KypHn;hI OTJIH

'1aJIHCh no CpaBHeHHIO C neTyxaMH 60JIhWeH I<OHD;eHTpan;HeH MaJIOHOBOro 

aJIh,l1erH,I1a. B nOJIY'IeHHhIX Y OT,I1eJIhHhIX nTHn;, BhIpaID;HBaeMhIx H OTI<apMJIHBae

MhIX C nOMoID;hIO CTaH,I1apTHhIx cMeceH no '1eXOCJIOBan;I<HM pen;enTaM (KZK), 06-

pasn;ax ypOBeHh MaJIOHOBOro aJIh,l1erH,I1a He 6hIJI no,l1 BJIHHHHeM HH BospacTa, HH 

nOJIa. B npOTHBoBec STOMY I<OpMJIeHHe 6HOJIOrH'IecI<H 60JIee I<a'leCTBeHHoH CMe

ChIO ( K) B BhII<OpMe H CMechIO C 60JIhWHM CO,l1ep>I<aHHeM I<YI<YPYShI BO BpeMH 

HOCKOCTH npHBeJIH I< CTaTHCTH'IeCKH Cytn;ecTBeHHOH paSHHn;e BCJIe,l1CTBHe BospaCTa 

H nOJIa. 
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