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The aim at resealed was to study the
influence of Chlorella suspension, sodium sulfate,
chromium chloride and citrate on the physiological
blood indices and nonspecific resistance of female
rabbits during the period from copulation to the
lactation peak. The number of erythrocytes,
hemoglobin concentration, the aminotransferases
activity, phagocytic activity of neutrophils,
lysozyme and bactericidal activity of rabbit dams’
blood serum at introduction of Chlorella
suspension, sodium sulfate, citrate and chromium
chloride into the ration were determined.
Researches were conducted on silver breed
rabbits’ females, 110—114 days age, weighing 3.7—
3.9 kg divided into five groups (one control and
four experimental) 12 females each, selected on the
basis of analogues principle. Control group
rabbits were fed enough balanced granulated
mixed fodder with free access to water. The Ist
experimental group, except for mixed fodder,
starting from the first research day received 90—
110 ml of Chlorella suspension with water. The
second experimental group’s animals were fed
mixed fodder similarly to I experimental group’s
schemes and drink, except for Chlorella, sodium
sulfate in an amount of 40.0 mg/kg body weight or
0.15-0.17 g S per day. Females of the third
experimental group received mixed fodder and
water according to Il group’s scheme with extra

drinking Chromium as CrCl; x 6H,0, in the
amount of 28-32 mg Cr per day at the rate of 7.6
mg/kg of body weight. Animals of the fourth
experimental group received mixed fodder and
water according to the II group’s schemes with
additional introduction into the water of
Chromium citrate obtained by using
nanotechnology at the rate of 2.2 mg Cr/kg body
weight or 8—12 mg Cr per day. Researched
established that in the blood of II, Il and IV
research  groups’ rabbits that additionally
consumed  sodium  sulphate, chloride and
chromium citrate, the number of erythrocytes,
hemoglobin and total protein concentration, and
activity of alanine aminotransferase were credibly
higher on the 67 day of the study compared to the
control group. Introduction to the diet of 11, 11l and
1V groups’ rabbits of mineral supplementation
resulted in high immunological reactivity of
organism with the increase of phagocytic activity
of neutrophils, lysozyme and bactericidal activity
level in the blood compared with animals of the
control group.
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Memoro  Odocniddcenns 6Oyno  euguumu
BNAUE CYCNeH3il Xaopenu, cyrvbghamy Hampiro,
xnopudy i yumpamy XxXpomy Ha Qi3ionociuni
NOKA3HUKU Kpogi ma Hecneyughiuny

PE3UCMEHMHICMb  OP2aHiZMy CAMOK KpONi@ Y

nepioo 60 napysamHs 00 HIKYy  J1aKmayii.
Buznauunu KITbKICMb epumpoyumie,
KOHYeHmpayio 2emoenodiny, aKmueHicmos
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aminompancgepas, GazoyumapHy —aKmueHicmo
Helmpodginis, Gazoyumapnuii iHoexc,
Gacoyumapne uucio, nizoyuMHy i baxmepuyuony
AKMUBHICIb CUPOBAKU Y KPOGI KPOAEMAMOK 3a
88e0eHHs 00 PAYiOHy CYCheH3ii X10openu, cyabpamy
Hampiio, yumpamy i xa0pudy xpomy. Jlocaiodcens
nposoounu Ha camkax kponis, gikom 110—114 0i6,
macorw mina 3,7-3,9 ke nopoou cpibaiacmuil,
NOOiNeHUX HA N’AMmb 2pyn (KOHMPObHY I Yomupu
docnioni), no 12 camox y xodicHii, nidibpanux 3a
npunyunom awnanoeie. Kponuysm KoumpoabHOi
epynu  320008y8anU 6800 30ANAHCOBAHULL
2PAHYIbOBAHULL KOMOIKOPM 3 BINbHUM OOCHYNOM
0o 6oou. Camxu [ Oocnionoi epynu, Kpim
KoMOIKopMy, 3 nepuioco OHA OO0CHIONCEHHS 3
600010 ompumysanu 90—110 mn cycnensii xnopenu.
Teapunam Il oocnionoi epynu, auanociuno 3i
cxemoro I Oocnionoi  epynu,  320008y8anu
KOMOIKOpM, a 3 800010, KPIM XJ0penu, GUNOI06AIU
cynvpam nampiro 6 xinbkocmi 40,0 me/ke macu
mina abo 0,15-0,17 2 S/meapuny/000y. Camuyi
111 oocrionoi epynu ompumyseanu KomoOikopm i 00y
3a cxemoro Il epynu 3 000amrosum BUROIOBAHHAM 3
600oio Xpomy y euensioi CrCl; x O6H,0, s
Kinekocmi  28-32  wmxe  Cr/meapuny/0o6y 3
pospaxyuky 7,6 mke/ke macu mina. Teapunu IV

O00CIOHOT epynu ompumyeanu KoMOIKopm i 600y
8i0nogiono 0o cxemu Il epynu 3 0o0amkosum
68€0EHHAM Y 800V YUMPAmMy XpOMY, OMPUMAHOZ0
MEmMOOOM 3 BUKOPUCMAHHAM HAHOMEXHONO02H, 3
pospaxyuky 2,2 mxe Cr/ke macu mina abo 8—12
mxe Cr/meapuny/006y. Bcmanosneno, ujo y Kpoei
xkponuys I, 111 i IV docaionux epyn, axi 000amxo8o
Ccnodcusanyu 8 payioti cyivam Hampir, xio0puo i
yumpam  Xpomy,  KILIbKiCmb  epumpoyumis,
KOHYenmpayis 2emoznobiny i 3aeanviozo 6iika ma
axmusrnicmo AnAT 6ynu 6ipociono suwumu Ha 67
000y 00CHI0JHCEHHS. NOPIBHAHO 3 KOHMPOAbHOK
epynor. Yeedeunss 0o payiony kponie II, Il i

IV epyn  minepanvHux  000a80K  3YMOBNI0BANLO
BUCOKY IMYHOOION02IUHY PpPeaKmusHiCms iIXHbO2O
opeanizmy 3  NIOBUWEHHAM ) KpO8i  pIiGHA
Gazoyumapnoi aKmueHocmi Heumpoinis,
ai3oyumMHOl I OakmepuyuoHoi  aKMUGHOCMI,

NOPIBHAHO 3 MBAPUHAMU KOHMPOJLbHOL 2PYNU.

Karwuosi caosa: KPOJII, XPOM,
®IBIOJIOITYHI TIOKA3HHMKKM  KPOBI,
HECIIELIU®IYHA PE3SUCTEHTHICTb
OPI'AHI3MY

PE3UCTEHTHOCTDH OPI'AHU3MA KPOJIBYUX ITPU BBINMAUBAHUH CYCIIEH3UHN
XJIOPEJUIBI, CYJIB®ATA HATPUS, XJIOPUJIA U IUTPATA XPOMA

A. B. Jlecuk
yaroslav_lesyk@inenbiol.com.ua

HNucturyt 6nonoruu xuBotHeix HAAH, Ykpauna, JIeo 79034, yi. B. Cryca, 38

Lenvto  uccnedosanusi ObLIO  UZYHUMb
8lIUAHUE CYCNEH3UU XTOPeLbl, Cylbhama Hampus,
Xn0puda u yumpama xpoma Ha Qusuorocuieckue
nokazamenu — Kposu U HeCneyu@uueckyro
PE3UCMEHMHOCb  KPOIbYUX 68  Nepuoo  om
cnapusanus 00 nuxka Jaaxkmayuu. Hccnedosanu
KOIUYECTN80 — 3PUMPOYUmos,  KOHYEHMpayuro
2eM02NI00UHA, AKMUBHOCMb amMuHompancepas,
GacoyumapHylo  aKMuBHOCMb  HeUmpopuios,
JUBOYUMHYIO U OAKMEPUYUOHYIO  AKINUBHOCHD
CbIBOPOMKU 8 KPOBU KPOIbUUX NPU 66COCHUU 8
PAYUOH CYCHEH3UU XI0pellbl, CYyIbghama Hampus,
yumpama u xaopuda xpoma. Hccreoosanus
npogedeHbl Ha CaMKax Kpoaukog 8 eospacme 110—
114 cymok, maccou mena 3,7-3,9 ke nopoowl
cepebpucmolil  pazOdeleHHblX HA NAMb  PYNn
(xoHmponsuylo u uemovipe onvimuwle), no 12 camox
8 Kadcooll, NOOOOPAHHBIX NO NPUHYUNY AHALOZ08.
Kponvuuxam rxoumponvHoil epynnvl ckapmausaiu

be3 o2paHuderus coanancuposanHbulil
2PAHYIUPOBAHHBLI KoMmOukopm u 600y. Camku 1
ONBIMHOU 2PYNNbl, KPoMe KOMOUKOpMA ¢ Nepeozo
OHs uccnedosanus ¢ 600ou noayuanu 90—110 mn
cycnensuu  xaopennvl. Kusomuvim Il onvimmuou

epynnel,  aHanocuuno  cxeme 1 epynnul,
CKAPMAUBANU KOMOUKOPM, @ C B8000U Kpome
XJopennvl  evinauganu  cyivgpam — Hampus 8

rxoauuecmee 40,0 me/xe maccolt mena wau 0,15-0,17
e Shicueomnoe/cymxu. Camxu Il onvimuoi
2pynnol NOIYYAIU KOMOUKOPM U 800y no cxeme 11
2pynnvl ¢ OONOJHUMENLHOU GbINOUKOU Xpomd 6
séuoe CrCl; x 6H,0, & xonuuecmee 28—32 mke
Cr/ocueomnoe/cymxu  us pacuema 7,6 mKe/ke
Mmaccol mena. Kueomuwie IV onvimHol epynnwi
nonyuanu KOMOUKopm u 800y coaracHo cxeme Il-ii
2pynnvl ¢ OONOTHUMETbHbIM 68E0CHUEM 8 800y
yumpama Xpoma, HOAYYEHHO20 MEMOOOM C
UCNONb306AHUEM HAHOMEXHONO2UU U3 paciemd
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2, 2mxe Cr/ke maccor mena umw 8—12 wmxe
Cr/orcusommuoe/cymxu. Hccnedosanusamu
YCMaHoeneHo, 4mo 6 kpoeu kpoauxog I, III u IV
ONBIMHBIX ~ 2PYHN,  KOMOpble  OONOIHUTNENLHO
nompeoasnU 8 payuore Cyib@am Hampus, Xi0puo
U yumpam Xxpomd, KOJIUYECMBO IPUMpPOYUMOs,
KoHyeumpayusi 2emoenobuna, obwezo 6Oeaka u
akmuernocmsb AnAT 6vinu docmosepro gviuie Ha 67
CYmMKU ONbIMA NO CPABHEHUN) C KOHMPOTbHOU
epynnoiu. Beedenue 6 payuon xkponuxos 11, 11l u IV
2PYNN MUHEPATbHBIX 000AB0K NPUBELO K GblLCOKOU
UMMYHOOUOIO2UYECKOU peaxmusHocmu ux
Op2aHusMa ¢ HOBblUlEHUEM 8 KpOBU VPOBHS.
GazoyumapHou  aKmMusHOCMU — HeUmpo@uios,
JUZOYUMHOU U OAKMEPUYUOHOU AKMUBHOCMU NO
CPABHEHUIO C HCUBOMHBIMU KOHMPOIbHOU 2PYNNbI.

KawueBble  cioBa: KPOJIMKU,
XPOM, OU3NOJIOI'NMYECKHNE
IIOKA3ATEJIN KPOBU,
HECIIELIUONYECKAA

PE3VMUCTEHTHOCTbH OPI"TAHU3MA

At intensive rabbit breeding in
industrial environment where females are
under stress and influence of adverse
environmental factors, considerable attention
is paid to increasing female rabbits’ resistance
[1, 2]. Resistance of animals mainly depends
on the development and functioning of the
immune system and a number of
environmental factors, including: maintenance
conditions and balanced nutrition, especially
for mineral elements, amino acids and
vitamins [3].

Intensive industrial technologies of

rabbits’ breeding cause periodic stress
conditions, particularly in females,
consequently disturbing organism’s

homeostasis, which contributes to inhibition of
natural resistance, reducing the productive
qualities of animals, immunodeficiency
development, as a result organism is unable to
produce the necessary amounts of antibodies
to resist diseases [4, 5, 6]. Considerable
researchers’ attention is paid to studying the
relationship between immune defense of the
organism and its supply by minerals involved
in the distribution and reproduction of cells,
regulation of amino acids, proteins and
nucleotides metabolism [7, 8]. The main
problem in the organization of biologically

valuable rabbits’ feeding wunder these
conditions, is to find additional natural vitamin
and mineral fodder additives that allow to
improve nutrient absorption of the offered
rations in Ukraine, which don’t always satisfy
the nutrient needs of young fast-growing,
pregnant and lactating females [9].

Recent studies show that chromium
and sulfur are vital for normal proteins,
carbohydrates and fats metabolism in animals’
and are minerals that affect the immune
system functional activity [10, 11]. It is known
that chromium in animal tissues supplements,
especially at critical physiological periods
[12]. This condition is caused by low
Chromium assimilation from the fodder, which
can lead to metabolic disorders. Stress factors
that stimulate trivalent chromium release
affect its absorption in animals’ organism.
Technological stresses always act in industrial
livestock causing the deficit of Cr (III) in
animals. Chromium enhances the effects of
insulin, and influences the regulation of
metabolism in general. Increase of insulin
influence occurs without changing the amount
of the hormone, while it’s entirely dependent
on the chromium content [13].

Organism’s reproductive function is
controlled and regulated by complex multi-
level neuro humoral and functional systems
with direct positive and negative reverse
connections. In its turn, changes in immune
status may cause changes in reproductive
function of female rabbits. Therefore the
purpose of our study was to examine the effect

of Chlorella suspension, sodium sulfate,
chromium  chloride and  citrate  on
physiological parameters of blood and

nonspecific resistance of female rabbits during
the period of breeding and to the peak of
lactation.

Materials and Methods

Researches were conducted on silver
breed rabbits’ females, 110-114 days age,
weighing 3.7-3.9 kg on the rabbit farm in
villlage Novosilky Busk district, Lviv region,
divided into five groups (control and four
experimental) 12 females each, selected on the
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basis of analogues principle. Female rabbits of
the control group were fed enough balanced
granular mixed fodder [14] with free access to
water. Females of the I experimental group
except for mixed fodder received with water a
suspension of chlorella strain — Chlorella
vulgaris BIN from the first day of the study in
the ratio (1:3) at the rate of 90-110 ml per day.
Animals of the second experimental group,
were fed similarly to I group animals with
additional drinking except for Chlorella of
sodium sulfate in an amount of 40.0 mg/kg
body weight or 0.15-0.17 g S per day.
Females of third experimental group received
fodder and water according to group II scheme
in with extra drinking of Chromium as CrCl; x
6H,0, in the amount of 28-32 mg Cr per day
at the rate of 7.6 mg/kg of body weight.
Animals of fourth experimental group received
fodder and water according to II group’s
scheme with additional introduction in water
of  chromium  citrate = obtained by
Kosinov M. V., Kaplunenko V. G. method
using nanotechnology [15] at the rate of 2.2
mg Cr/kg body weight or 8-12 mg Cr per day.
Animals were kept in single-tier mesh cages in
buildings with controlled microclimate,
according to current veterinary and sanitary
standards. Duration of study was 77 days,
including accommodation period — 10 days
and period experiment — 67 days. In the
accommodation period on 105 day of life (10
days before coupling to copulation) and period
experiment — on 172 day of life (20-22 day
of lactation), blood samples were taken from
the marginal ear vein of rabbit females for
biochemical  studies erythrocytes
concentration of hemoglobin, total protein,
aminotransferase activity, phagocytic activity
of neutrophils (FAN), phagocytic index (FI),
phagocytic number (FN) lysozyme activity
(LA), serum bactericidal activity (SBA) was
determined in blood described in [16]. Digital
data were processed statistically using
Student’s t criteria.

Results and discussion

It should it was revealed be noted that
the inclusion of strain Chlorella vulgaris BIN

suspensions into the diet of females of I
experimental group during the accommodation
period, didn’t have significant effect on
physiological parameters of blood (tabl. 1).
However, drinking II group rabbits during the
experimental period, of supplements that
included a suspension of Chlorella and sodium
sulfate, was accompanied by an increase of
erythrocytes level by 16.0 % (p<0.05),
hemoglobin — 4.0 % (p<0.05), and ALT by
9.0 % (p<0.05) compared with the control
group. Obviously, stimulating effect on the
hematopoiesis state was caused by high
biological action of sodium sulphate, which
positively influenced the respiratory function
enhancement, improvement of oxygen supply
and an increase in the intensity of oxidation-
reduction processes in the dams’ organism.

Organism’s resistance is caused by
specific and nonspecific immune mechanisms
condition associated with metabolic processes
features in lactating dams that change under
the influence of vitamins and minerals. The
most significant differences of the studied
blood parameters between the control and
experimental groups were marked at
application of dietary chromium compounds in
combination with a suspension of Chlorella
and sodium sulfate. In particular, in the blood
of III and IV research groups rabbits the
number  of  erythrocytes, = hemoglobin
concentration and ALT activity was
significantly higher on the 67 day of drinking
supplements compared with the control group.
These differences may indicate the increasing
of lactating females organism’s resistance
under the influence of both chloride and
chromium citrate. This effected positively the
insulin secretion and improved the ability of
the hormone’s binding capability with cells
receptors by peptide chromium moduline,
which includes chromium and caused the
activation of metabolic processes, as well as
hematopoietic and immune system of the
organism.
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Physiological blood parameters of female rabbits (M = m, n =5)

Table 1

Indicators Grou Period of research, day of life

p preparatory, 105 research, 172

C 4.66 +0.10 4.57+0.28

Ervthrocvtes E-I 4.68 +0.10 4.65+0.17
M-l E-1I 491+0.73 5.28+0.19%
E-III 4.80+0.91 5.33+£0.23*
E-IV 4.97 +0.99 5.76 £ (0.19**

C 108.5+0.70 1249 +1.10

Hemoglobin E-1 107.2+1.71 124.2 +1.06
T E-II 107.3+1.89 128.8 £ 0.97*
& E-III 108.5 % 1.58 129.7  2.20*
E-IV 109.6 + 1.57 130.3 £2.32*

C 64.7 £0.64 60.5 £ 0.40

E-1 65.8+ 091 61.3£1.05

Total protein, g/l E-II 64.8 +1.07 61.6 +0.56
E-III 66.1 £ 1.09 62.3+0.81*

E-IV 66.0 +0.97 63.1 £0.54*

C 0.327 £0.08 0.334 £0.01

ALT E-1 0.335+0.08 0.346 £ 0.01
mkkat /1 E-II 0.340 £ 0.03 0.365+0.01*
E-II1 0.349 £ 0.06 0.384 +£0.02*
E-IV 0.365+0.01 0.372+0.01*

C 0.221+0.09 0.201 £ 0.03

AST. E1 0219+ 0.09 0.206 % 0.01
mkkat /1 E-1I 0.208 £ 0.01 0.220 £ 0.01
E-III 0.237+0.01 0.225+0.01

E-IV 0.220+0.01 0.212 £ 0.01

Note. In this and the following tables statistically significant differences are given in accommodation to the
animals of the control group: * — p <0.05, ** — p <0.01, *** — p <0.001

Using supplements that differed by
presence of sodium sulfate, chromium chloride
and citrate in the diet of female rabbits was
marked by significantly higher rates of
phagocytic immunity link’s levels of their
blood compared with control group (tabl. 2).
Thus, on 67 day of study phagocytic activity
of neutrophils in the blood of II, III and IV
experimental groups rabbits was higher by 7.0,
9.0 and 14.0 % (p<0.05) compared with the
control group. The study of phagocytosis
intensity by phagocytic index and phagocytic
number indicates that their values correlated
with the index of phagocytic activity of
neutrophils in rabbits of the experimental
groups and their changes were minor
compared with the control.

Humoral defense link activity of
animals is a regulatory factor for the process of
phagocytosis, since they show a stimulating
effect on the phagocytic response and activate
immune-competent cells [10]. To determine
humoral factors of nonspecific organism’s

defense in female rabbits we studied lysozyme
activity of blood serum on 105 and 172 days
of life. It was established that drinking
supplements during 67 days contributed to
probable increase of lysozyme activity in
animals’ blood of II, III and IV experimental
groups respectively by 10.0, 19.0 and 29.0 %
compared with the control group. These results
may indicate a positive effect of applied
additions in the diet of rabbits on the
immunological capacity of their organism.

Bactericidal activity of serum is the
integral indicator of the of the organism’s
natural resistance, which is caused by the
presence of components that neutralize
microbial cells in blood. High bactericidal
activity of serum 1is associated with the
lysozyme content that possesses cytolytic
properties concerning microorganisms. It is
able, on the one hand, to break down the
relationship between N-acetylmuramic acid
and N-acetylglucosamine as an enzyme, and
on the other hand, lysozyme is able to
mobilize other nonspecific factors of
organism’s defense.
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Table 2
Indicators of nonspecific resistance of female rabbits’ organism (M = m, n = 4)
. Period of research, day of life
Indicators Group preparatory, 105 research, 172
C 40.3 +0.88 48.0+1.15
E-1 41.3+£1.76 49.7 +0.88
Phagocytic activity of E-II 40.0 + 0.57 51.0+1.57*
neutrophils,% E-III 40.0 £ 0.58 52.3 £ 1.45%
E-1V 41.0+1.52 54.3 +£(.88*
C 8.59+0.33 7.32+£0.16
.. E-1 8.98 £0.54 7.37+0.13
Phagocytic index, E-IT 8.79£0.23 846057
units. E-1II 8.97 £ 031 8.97 % 0.46
E-1V 8.06 +0.76 8.23+0.26
C 3.46+0.14 4.00+0.17
Ph . b E-1 3.73+£0.37 413+0.12
agocytic number E-1I 3.86=0.33 4.26=0.21
E-II1 3.83+0.24 4.16+0.12
E-1V 3.34+0.20 493+0.14
C 42.3+1.45 453+ 0.87
E-1 42.6 + 1.85 46.3 +0.88
Lysozyme activity, % E-II 43.3+0.88 49.6 £ 1.20*
E-II1 42.6 +1.45 53.6 £ 0.88**
E-IV 40.6 £ 1.45 58.3 £ 0.86%**
C 41.0 £0.89 46.6 + 0.89
.. .. E-1 41.2+1.49 473 +1.37
Bactericidal a(c):t1v1ty of E-II 407 <334 290+ 086%FF
serun, % E-11I 42.0£2.99 51.8 = 1.O1*
E-IV 42.4+£2.27 54.1 £1.90**
It’s present in azurophilic granules and citrate, probably  higher = number of

specific neutrophils grains and also monocytes
and macrophages grains [17]. Similarly, serum
bactericidal activity reacted to the action of
above listed fodder the experimental groups in
comparison to control. Thus, the blood of II,
I and IV groups’ animals blood serum
bactericidal activity level in the experimental
period was higher by 6.0 % (p<0.001), 12.0 %
(p<0.05) and 16.0 % (p<0.01) compared with
the control group. These results indicate the
increase of the rabbits immunity, especially
humoral non-specific defense of the organism
at the action of the studied fodder in additives.

Conclusions

Conducted researches established that
drinking female rabbits sulfate, sodium
chloride and chromium citrate in specified
quantities of 105 to 172-day age was marked
by probable changes of physiological blood
parameters compared with the control group.
In the blood of II, Il and IV experimental
groups’ rabbits fed sodium sulphate and its
combination with chloride and chromium

erythrocytes, hemoglobin concentration and
total protein and ALT after 67 days additions
application was observed compared with the
control group. Studies results of the females’
organism nonspecific resistance indices show
their significantly higher levels in the blood of
experimental groups’ animals compared with
the control group. Introduction of sulfur and
chromium compounds into the rabbits’ diet
resulted in more pronounced immunological
reactivity of their organism with increasing
concentrations  of  phagocytosis, and
bactericidal activity lysozyme levels compared
with animals of the control group.

Enriching diets of rabbits with protein
and mineral supplements contribute to
effective correction of mineral metabolism in
their organism. This will strengthen their
adaptation properties, immunological
reactivity and positively influence the
organism’s reproductive function of rabbits’
females in industrial environment conditions at
intensive rabbit breeding.
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Prospects of further researches. It’s
advisable to continue researches on the
influence of sodium sulfate and chromium
compounds in different ratios on the
reproductive function of lactating rabbits’
females organism.
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