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Abstract

Jurajdova J.: Levels of Minerals in Sera of Chickens Suffering from Marek’s Di-
sease. Acta vet. Brno, 47, 1978: 189—196.

The concentrations were studied of sodium, potassium, calcium, magnesium
and phosphorus as well as the correlations and coefficients of their level ratios in
sera of RIR chickens 56 days after infection with Marek’s disease virus, and they
were compared with the controls.

In the infected chickens a reduction of the concentration of calcium was observed,
with the exception of chickens suffering from tumors, and an increased concentration
of magnesium which was the highest in chickens with tumors. In chickens with
tumors a reduced phosphorus level was observed, while in those with macroscopi-
cally unchanged kidneys also a decrease in the sodium concentration was found.

In infected chickens the coefficient of the Ca/Mg ratio was reduced and reached
its maximum value in tumorous chickens. Correlations between calcium and phos-
phorus found in control chickens were not proved in the infected chickens and no
other were observed.

Marek’s disease, chickens, serum, mineral substances.

Properties of the internal milieu of the organism were maintained in values optimal for cel
and tissue activity. The stability of the internal milieu is ensured through the activity of many
complicated regulation mechanisms under the direct coaction of biocatalysts among which we
include mineral substances as well.

Studies dealing with the importance of mineral substances in proteosynthesis (Greger and
Schwartz 1974; Rubin 1975), oncogenicity (Zyka 1972; Sula 1974; Anast et al. 1975; Bren-
nan et al. 1976) or with the effect of chelates in in vitro experiments on the yield of Marek’s
disease virus (Aldinger and Calnek 1971) led us to studies of the metabolism of minera] substan-
ces in Marek’s disease in in vivo experiments with chickens.

Material and Methods

Experimental chickens

Experiments were carried out with one-day-old chickens of Sykes Line B Rhode Island Red
(RIR) from the Institute of Molecular Genetics of the Czechoslovak Academy of Sciences in
Prague, susceptible to infection with the Marek’s disease virus (Biggs et al. 1968). Chickens
were infected aerogenically with dust from an enterprise with a permanent occurrence of acute
Marek’s disease (MD) and stored for 95—118 days after collection under laboratory temperature
in a way described earlier (Jurajda and Klime§ 1970). The infectiousness of the dust was proved
by in vitro examinations in cell cultures of chicken kidneys — 7.25 x 102 PFU/g of dust
(Hlo%4nek et al. 1976).
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Preparation of the cutaneous MD-antigen

Feathers from the MD-positive chickens with tumors, infected with the MD virus earlier,
were cut off as nearest to the skin as possible in such a way as to leave the quill shaft in the skin.
A 20 % (w/v) homogenate in a buffered physiological solution (BPS, pH 7.2) was prepared from
the skin with an addition of 0.2 % of EDTA (Chelaton III) and antibiotics. After three repeated
cycles of freezing and thawing (mixture of solid CO, in methylalcohol and water bath at 37 °C)
the homogenate was centrifuged for 15 minutes at 1.000 g. The supernatant was divided into am-
pules of 0.5 ml each and stored at —60 °C in dry ice and served as a positive MD skin antigen
for preparation in agar gel test.

Agar gel precipitation (AGP) test

Used was a double diffusion according to Ouchterlony in Petri dishes of 10 cm in diameter filled
with agar according to Okazaki et al. (1970): 1 % of Noble agar (Difco) in a NaK phosphate
buffer with 8 9, of NaCl, pH 7.4. The central well was filled with the MD skin antigen and the mar-
ginal wells with sera tested. Petri dishes were stored in an atmosphere saturated with water vapours
at a laboratory temperature and results were read after 24 and 48 hours. A serum from the MD-po-
sitive chickens with tumors earlier infected with a MD virus served as a control.

Biochemical examinations :

After finishing the experiments the chickens were killed by bleeding out and the concentrations
of macro-elements (Na, K, Ca and Mg) in the serum were determined using the method of atomic
absorption spectrophotometry on an Atomspek apparatus of the firm Hilger and Watts and pho-
tometrically (P) using Bio/Lachema tests as described in earlier studies (Jurajdova 1978). From
the values measured the coefficients were calculated of ratios of levels of the individual elements.
Statistical evaluation of the results and correlations of the levels of the individual elements was
done using a Hewlett Packard computer, 9810A model, by means of Duncan’s and Student’s
t-test.

Expeumental procedure :

Aecrogenically infected were 264 chickens (i. e. 135 females and 129 males) ;3 71 chlckens served
as controls (36 females and 35 males). Both groups were kept in isolation, fed complete mixtures
for chickens BR I-start, and given water ad libitum. Chickens which died during the experiment
were dissected and results of the dissections were recorded. After finishing the expemnentt 56
days after infection, the chickens were examined for the presence of macroscopic changes or
MD-precipitation antibodies; according to the results they were divided into 5 groups: (1) control,
(2) infected but with no macroscopical changes and MD-precipitation antibodies (MD-neg),
(3) with MD-precipitation antibodies (MD-Ab), (4) with macroscopical changes (AGP was not
performed) (MD-tum), and (5) MD-positive (MD-pos), including groups (3) and (4). The features
investigated were then mutually compared in all groups, also with regard to the effect of sex.

Table 1
Occurrence of Marek’s disease (MD) in infected RIR chickens

i ‘ Mortality) | Tumors?) | % I AGP) | % | TowlMD |
|
Females 14/135%) l 10.37 21/121 17.36 77/100 77.00 112/135 l 82.96
Males 12/129 9.30 17/117 14.53 80/100 80.00 109/129 84.50
Chickens 26/264 9.85 I 38/238 15.97 157/200 78.50 221/264 83.71
| |
| Occurrence and localization of tumorous changes & time of
Number | _ -
investigated . | mortality
| Liver IGonads!Kidneysl Spleen | Lungs \tnculusl Muscle | (days)
|
Females ) 35 [ 21 11 24 19 2 8 [ 1 47.0
Males 2 | 1 5 24 17 2 5 1 - 472
Chickens 1 64 | 38 16 48 36 4 i 13 ] 1 471

1) All died birds had tumors
%) Occurrence of tumorous changes in chicks surviving and investigated at the end of the expenment
*) Occurrence of MD-precipitation antibodies in-chicks investigated at the end of the experiment

*) Number of positive / number of investigated
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Results and Dlscusslon

A survey of the occurrence of Marek’s disease in infected RIR chickens is gi-
ven in Table 1. The average levels of minerals (in mmol/l), coefficients, and corre-
lations of their levels in sera of control and infected chickens are given in Tables
2—4.

Table 2
Average levels of minerals (mmol/l), coefficients and correlations of their levels in sera of experimental
R females

Mineral§ , Natrium (Na) Kalium (K) Calcium (Ca) Magnesium (Mg) Phosphorus (P)
Control } 149.46 + 0.92 6.56 + 0.22 2.67 i. 0.04 0.94 + 0.01 2.71 + 0.07
MD-neg 147.27 4+ 1.57 5.92 + 0.33 2.46 + 0.05") 0.98 + 0.02 2.51 £+ 0.10
MD-Ab 148.29 -+ 1.66 6.22 + 0.13 2.44 + 0.03%) 1.01 + 0.01%) 2.65 + 0.05
MD-tum 142.38' 4 2.42%)?) 6.50 4- 0.32 2.48 + 0.09 1.02 4+ 0.03%) 2.52 4 0.11
MD-pos f 147.02 + 0.84 6.28 + 0.12 2.45 + 0.03") 1.01 + 0.01 2.62 + 0.05

Coef- Na/K K/C Ca/M Ca/P K/M;

ficient§ a a ol A Mg
Control l 23.28 + 0.82 2.44 1 0.08 5.86 + 0.05 1.11 + 0.02 7.02 £+ 0.22
MD-neg 26.10 + 1.66 2.40 + 0.10 2.54 + 0.08%) 1.11 + 0.04 6.06 + 0.34))
MD-Ab 24.66 + 0.57 2.56 + 0.06 2.45 + 0.05%) 1.06 + 0.03 6.20 + 0.14%)
MD-tum 22.83 + 1.03 2.66 + 0.16 2.40 + 0.11%) 1.11 + 0.06 6.52 + 0.32
MD-pos 24.26 + 0.50 2.58 + 0.06 2.44 + 0.04%) 1.07 + 0.02 6.28 + 0.12Y)

fi“’,’f(‘g Na/K ~ K/Ca Ca/Mg Ca/P K/Mg

| B «

Control —0.0253 0.4965** 0.4299* 0.6738** 0.3550*
MD-neg 0.5920%* 0.6381** 0.1212 T 0.5643** 0.1701
MD-Ab 0.1639 0.1344 —0.2246 —0.3210%** 0.1894
MD-tum 0.0632 0.3319 0.2582 0.1925 0.2827
MD-pos 0.0960 0.1942 —0.0831 —0.1932 0.2254*

1) Significant difference as compared with control at P < 0.05 )
%) Significant difference as compared with control at P < 0.01

3) Significant difference as compared with group with MD-precipitation anubod.les (MD-Ab) at P < 0.01
§) Mean + standard error of mean

* Significant at P'< 0.05
** Significant at P < 0.01

The occurrence of MD in experimental RIR chickens after infection with dust
containing the MD virus was similar as after infection with other strains of acute
MD (Purchase and Biggs 1967; Eidson and Schmittle 1968; Bankowski
et al. 1969, and others). In contradistinction to the affinity of the acute MD virus
to the gonad tissue (Biggs and Payne 1967; Chomiak et al. 1967; Purchase
and Biggs 1967) found most often were tumorous changes in the kidneys, liver
and spleen. The total occurrence of tumorous changes was lower than described
in the RIR chickens after infection with acute strains of HPRS (Biggs et al. 1965;
Purchase and Biggs 1967).

The differences from Na concentrations in the serum of control groups were ob-
served only in MD-tumorous bird. In females a decrease of 4.74 9, (p < 0.01)
was observed, and in chickens in total it was 3.05 9, (p << 0.01). With regard to
the importance of kidneys as the main organ of Na excretion, we observed the Na
levels in the serum of these birds with regard to the macroscopical affection of the
kidneys. It was found that the level of Na in the serum of birds with kidneys
afflicted with tumors did not differ from the controls. On the other hand, the so-
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Table 3

Average levels of minerals (mmbol/l), coefficients and correlations of their levels in sera of experimental

RIR males

Mineral§ Natrium (Na) Kalium (K) Calcium (Ca) Magnesium (Mg) Phosphorus (P)
Control 148.97 + 0.88 6.37 + 0.20 2.63 + 0.03 0.97 + 0.01 2.73 + 0.06
MD-neg 14850 + 1.37 6.56 + 0.24 2.38 £ 0.07% 1.02 + 0.01 2.93 1 0.11

_MD-Ab 14819 + 0.77 5.92 % 0.13 2.46 + 0.039 1.03 + 0.01%) 2.50 + 0.05%
MD-tum 147.47 + 2.11 6.43 + 0.34 259 + 0.06% 112 + 0.06%%)| 242 % 0.131))
MD-pos 148.06 + 0.73 6.01 £ 0.12 2.48 + 0.03Y) 1.04 + 0,013 2.56 + 0.05%

et Na/K K/Ca Ca/Mg Ca/p K/Mg
Control 23.78 + 0.82 2.42 + 0.08 2.75 + 0.05 1.09 + 0.03 6.70 + 0.20
MD-neg 23.64 + 0.85 2.82 * 0.16 2.36 + 0.10% 0.96 + 0.05 6.48 £ 0.26
MD-Ab 26.05 + 0.64 2.44 £ 0,06 2.41 £ 0,057 1.10 + 0.03%) 5.80 & 0.14%)
MD-tum 2370 £ 1.19 248 + 0.12 2.39 + 0.13Y) 124 £ 00695 |  6.00 + 0.48
MD-pos 25.65 + 0.57 244 T 0.06 2.41 £ 0,057 1.13 + 0.03%) 5.82 + 0147
la-

‘t:i‘:g?; Na/K K/Ca Ca/Mg Ca/P K/Mg
Control —0.2919 0.3304 0.1013 0.3715* —0.0149
MD-neg 0.2379 —0.0759 —0.4749* —0.2326 —0.0584
MD-Ab 0.1388 0.1883 —0.1805 —0.0772 0.3205+*
MD-tum 0.2097 0.4707 —0.2427 0.2582 —0.3883
MD-pos 0.1395 0.2778** —0.1056 ~0.0220 0.1314

1) Significant difference as compared with control at P < 0.05
1) Significant difference as compared with control at P < 0.01
%) Significant difference as pared with MD. ive (MD-neg) group at P < 0.05
4) Significant difference as compared with MD-negative group at P < 0.01
%) Significant difference as compared with group with MD-precipitation antibodies (MD-Ab) at P < 0.05
¢) Significant difference as compared with group with MD-precipitation antibodies (MD-Ab) at P < 0.01
§ Mean + standard error of mean
* Significant at P < 0.05
**  Significant at P < 0.01

dium concentration (137 and 139.7 mmol/l) in females and in chickens in
total, resp., with macroscopically unchanged kidneys but with tumors of other
visceral organs was found to differ significantly from control values (P < 0.01).
The effect of the degree of affliction of kidneys was observed also in other features
but with a negative result.

The level of potassium in the serum of infected birds did not reveal and devia-
tions from the control values, the only exception being a lower concentration of
K in chickens with MD-precipitation antibodies by 6.18 9%, as compared with
controls (P < 0.05).

The most evident changes of mineral concentrations in the serum of MD-in-
fected birds were observed in calcium and magnesium. The Ca level was decreased
in MD-negative birds (in chickens by 8.66 %,) and bird with precipitation anti-
bodies (in chickens by 7.53 9%,), while in birds afflicted with tumors the Ca con-
centration did not differ from that of controls. In magnesium, on the contrary,
an increase was observed in the group of birds with MD-predicitation (in chickens
by 6.67 9, ), the maximum occurring in birds afflicted with tumors. Significant
was also the difference in Mg concentrations in the serum of females and males
afflicted with tumors.

Lansing et al. (1948) found a lower Ca content in the tumorous tissue as
compared with a healthy tissue. The reduction of the level of serum albumin
observed together with some kidney afflictions is sometimes accompanied with
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Average levels of minerals (mmol/l), coefficients ancl‘:i correlations of their levels in sera of experimental

ckens

Mineral§ Natrium (Na) Kalium (K) Calcium (Ca) Magnesium (Mg) Phosphorus (P)
Control 149.21 + 0.63 6.47 + 0.15 2.65 + 0.03 0.96 + 0.01 2.72 + 0.04
MD-neg 147.82 & 1.04 6.22 1 0.21 2.42 + 0.04Y 1.00 + 0,01 2.69 + 0.07%)
MD-Ab 14824 + 0.55 6.07 + 0.09%) 2.45 + 0.02%) 1.02 + 0.01%) 2.62 + 0.03
MD-tum 144.66 + 1.65%) |  6.47 + 0.23 2.54 £ 0.05 107 + 007  2.47 + 0.08Y
MD-pos 147.54 + 0.56 6.15 = 0.09 2.47 £ 0,029 1.03 + 0.01%) 2.59 + 0.03

Coef- Na/K K/Ca Ca/M Ca/P K/M

ficient§ g g
Control 23.53 + 057 2.42 + 0.04 2.81 + 0.04 1.10 + 0.02 6.86 + 0.14
MD-neg 24.97 £ 0.97 2.60 + 0.10 2.45 T 0.06Y 1.05 £0.03 6.26 + 0.22
MD-Ab 25.37 + 0.43Y) 2.50 T 0.04 2.43 1 0.03Y 1.08 + 0,02 6.00 + 0.10%
MD-tum 2320 + 0.76%) 2.58 + 0.10 2.39 + 0.08) 118 + 004%% |  6.28 + 0.28
MD-pos 24.95 + 0.38 2552 + 0.94 2.42 £ 0.03% 1,10 + 0.02 6.06 = 0.10%

Correla- Na/K K/Ca Ca/M Ca/P K/M,

tion (r) 3 g g
Control —0.1461 0.4424%* 0.2826* 0.5501%* 0.1527
MD-neg 0.4911%* 0.2632 ~0.1874 0.2031 0.1363
MD-Ab 0.1503 0.1583 —0.1870* —0.2015* 0.2450%*
MD-tum 0.1507 0.3699* 0.0102 0.1846 —0.0863
MD-pos 0.1075 0.2284** —0.1002 —0.1231 0.1543

1) Significant difference as compared with control at P < 0.05
%) Sigaificant difference as compared with control at P < 0.01
%) Significant difference as compared with MD-negative (MD-neg) group at P < 0.05
4) Significant difference as compared with group with MD-precipitation antibodies (MD-Ab) at P < 0.05
5) Significant difference between sexes in group at P < 0.05
§ Mean + standard error of mean
* Significant at P < 0.05
**  Significant at P < 0.01

a reduction of the level of serum Ca (Mazur and Harrow 1971). Samadieh
et al. (1969), Washburn and Eidson (1970), Bankowski et al. (1970), and
Fletcher et al. (1972) described the reduced level of serum albumin in MD-
-positive chickens. However, this does not correspond with our findings in birds
with macroscopically changed kidneys in which the values of serum Ca did not
differ from the controls.

The metabolism of calcium and magnesium is closely related with regard to
their common mechanism of resorption in the intestine and renal tubules. Mutual
competition of Ca and Mg in the organism appears with the insufficiency of one
ion by increasing the concentration of the other. Besides a decreased capacity
of the kidneys to excrete magnesium, also the affliction of liver and suprarenal
gland leads to an increase of the plasmatic magnesium level. Hypermagnesemia
occurs often due to the transmission of Mg between the intra and extra-cellular
space, i. e. magnesium from the cells due to cellular catabolism (Fencl 1960;
Kapitola and Kiichel 1968). A more detailed explanation of the causes of hypo-
calcemia and hypermagnesemia in MD-positive birds calls for further investiga-
tions and studies.

The concentration of phosphorus in the serum of infected birds decreased only
in males afflicted with tumors (by 11.53 9,) and in chickens in total (by 9.059,).
The effect of sex on the P level in serum was recorded only in the MD-negative
group, even though the P concentrations found did not themselves differ from
the control values.
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With regard to the decrease of the Ca concentration observed and increase
of Mg in the serum of infected birds, also the coefficient of the Ca/Mg ratio
decreased, at the same time a maximum decrease was observed in birds afflicted
with tumors (in chickens by 14.95 9,). Alexandrowicz et al. (1970) observed
a similar decrease of the Ca/Mg ratio coefficient in leukemic cows (2.68) as comp-
ared with healthy animals (3.20).

The increase of magnesium concentration in the serum probably affected also
the decrease of the K/Mg ratio coefficient in the serum of birds with MD-precipita-
tion antibodies (by 12.63 9,), even though the change of K in the serum of this
group of birds was not expressive. Close relationships between potassium and
magnesium, attributed to their mutual intracellular deposition and to some common
regulation mechanisms, are considerably variable and probably depend also
on the condition of the organism as well as on the actual concentration of both
ions (Kapitola and Kiichel 1968). According to Zyka (1972) the disturbance
of the K/Mg ratio is considered to be a carcinogenic factor.

Correlations of greater significance were observed in the control group only
in females (r =0.6738 at P < 0.01) and then in total in chickens (r = 0.5501
at P < 0.01) between Ca and P levels. In infected birds this correlation was ex-
pressed only in MD-negative females (r = 0.5643); in addition, in some cases
we found positive correlations between Na/K (r = 0.5920) and K/Ca (r = 0.6381)
levels. In the remaining groups of infected birds, the correlations between the
studied levels of minerals were minimum to non-significant.

Results obtained in infected RIR chickens indicated that in the course of Ma-
rek’s disease the metabolism of mineral substances was also affected. A more
detailed explanation of the deviations found (as compared with control values)
calls for further investigations and studies to say nothing of the necessity of a tho-
rough analysis of the metabolism of mineral substances in healthy poultry.

Hladiny minerdlii v sérech kufat postiZzenych Markovou nemoci (MN)

V prici byly sledoviny koncentrace sodiku, drasliku, vdpniku, hof¢iku a fosforu,
korelace a koeficienty poméri jejich hladin v sérech kufat RIR za 56 dni po in-
fekci prachem obsahujicim virus Markovy nemoci a porovndvany s hodnotami
kontrolnimi.

Vzorky séra byly vySetfoviny na atomovém absorpfnim spektrofotometru
Atomspek fy Hilger & Watts. Fosfor byl urCovin fotometricky pomoci Bio-La-
chema testd.

U infikovanych kufat doSlo k uréit;'rm zméndm v koncentracich jednotlivych
prvku oproti kontrolnim hodnotim a vySe téchto zmén byla ovliviiovina stupném
postiZeni organismu. Hladina vépniku v séru byla sniZena u viech sledovanych
skupm mimo kufata s nddorovitymi zménami a hladina hoféiku byla naopak zvy-
Sena mimo skupinu kufat infikovanych, ale MN-negativnich. Maximilni zvySeni
hladiny magnesia v séru bylo pozorovdno u kufat s niadorovitymi zménami.
U t&chto kufat bylo také zjiSt€no sniZeni hladiny fosforu v séru a u kufat s nédory,
ale bez makroskopického postiZeni ledvin i sniZeni koncentrace sodiku v séru.
Rozdilné hodnoty vlivem pohlavi byly pozoroviny u fosforu v MN-negativni
skupiné€ a u hof¢iku u kufat s nidorovitymi zménami.

Koeficient poméru hladin vipniku a hof¢iku byl snizen u vSech infikovanych
kufat a maxima dosahl u kufat s nidorovitymi zménami. Vzestup koncentrace hof-
¢iku v séru ovlivnil pravdépodobné i pokles koeficientu poméru K/Mg v séru kufat
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s MN-precipitatnimi protildtkami, i kdyZ zména koncentrace kalia v séru u této
skupiny nebyla tak vyraznd.

Korelaéni vztahy vapniku a fosforu zjiStén¢ u kontrolni skupiny nebyly u MN-
-pozitivnich kufat potvrzeny a jiné pozoroviny nebyly.

Vyskyt Markovy nemoci u pokusnych kufat RIR se lisil vy$§$im vyskytem
nadorovité postizenych ledvin, jater a sleziny na tikor postizeni gonid oproti po-
pisovanym vlastnostem jinych kment akutni formy Markovy nemoci.

YpoBHE MHHEpPANBHBIX BELIECTB B CHIBOPOTKAX LBIILIAT, 3a60ieBmux
6oxe3nsio Mapexa (BM)

B pa6ore mpoBomuauck HabMIONEeHUS KOHIIEHTpAILMU HATPHA, KaJbIUA, KaJIud,
marHug u docopa, xoppenanuu u KO3PPUIIMEHTHI COOTHOLIEHHMS HX YPOBHEH
B ceiBopoTKax ubmiaAT PHP cnycrs 56 nHeit mocie mHPEKUMH IBLIBIO, COmepxa-
mes Bupyc GosesHu Mapeka, ¥ IpPOBOXUJIKUCH CPaBHEHHSA C KOHTDOJBHBIMU BEJH-
YMHAMH.

O6pasusl CHIBOPOTKM O6CJIENOBANINCh C IIOMOLIBI0 AaTOMHOTO a6GcOpOIIMOHHOTO
cnekrpodoroMerpa AroMmcrek dupmer Xaitarepu Yorrc. Pocop ompenensaiacs do-
TOMeTprYecKu C noMmoubio Bruo-Jlaxema TecTos.

Y 3apakeHHBIX LBILIAT Ha6MIONANUCH ONpeNeJeHHBIe M3MEHEHUA KOHIIEHTpa-
LIIMM OTHEJIBHBIX 3JEMEHTOB II0 CPAaBHEHMIO C KOHTPOJBHBIMH BEJIUYMHAMH U ypO-
BEHb HACTOAUIUX W3MEHEHHU HaXOIWJCA IIOf BIMAHUEM CTEHEHH IIOCTpajalus
opraHusMa. YpOBeHb KaJbLUsA B CHIBODOTKE Y BCEX HaXONALIMXCA IOA Habmione-
HHEM TPYIN IIOMUMO IBILIAT C OINYXOJbHBIMU HU3MEHEHHAMH OblI NOHMXEHHBIM
¥ HaoBOpoT, ypoBeHb MarHMs, IOMHMO 3apa’kKeHHBIX, HO OTpHIaTenbHHIX K BM
UblIuIfa, 6BLT MOBBILIEHHEIM. MaKcuMaJlbHOe yBeJWdYeHUE YPOBHA MarHUA B CBHIBO-
POTKe LHILIAT HabJII0NaIoch y LLILIAT C ONyXOJbHEIMU M3MeHeHUusAMH. B mannom
caydae GBI BHIABJIEH IIOHMJ)KEHHBIH ypoBeHb ¢pocdopa B CHIBODOTKE M y IBIILIAT
C ONlyXOJAMH, OZHAKO, 6e3 MaKPOCKONMMYECKOTO M3MEHEHMS IIOUeK M IIOHMKEHU
KOHIIEHTpAIlU¥ HAaTPUA B CHIBODOTKe. PasHble BEJMYHHE! BCJIEACTBHE IIOJOBOM pas-
HULH Habmonanuck y docpopa B BM oTpumaresbHOM Ipynie 4 MaTHHA B Clydae
LBIILIAT C ONyXOJbHBIMU M3MEHEHUAMH.

KoappuiieHT COOTHOIIEHHA ypOBHEH KaJbIUAg M MarHUA OBLI IOHM)XEHHBIM
y BCeX 3apa’KEHHBIX LBIIIAT M AOCTUI MaKCHMyMa y UBIILIAT C OIYXOJBHBIMU
usMeHenusaMu. IloBblmieHMe KOHIIEHTpAllMy MAarHUA B CBIBOPOTKE HaXOMMJIOCH,
BEpOSATHO, MOX BIMAHUEM IOHIIKEHHA KO3PPUIIEHTAa COOTHOMEHUs KajJuii/MarHuit
B CBHIBOPOTKEe IBHILIAT ¢ BM mpenunuraiMoHHEIMKM aHTHTEJIaMH, XOTA U 3MEHeHUue
KOHIIEHTPAllU¥ KaJHsg B CHIBODOTKE B Cly4yae NaHHOM TPyNIbI OBLIO HE CTOJIb BHI-
PpasUTEIbHBIM.
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