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CERTAIN BIOCHEMICAL PARAMETERS AND ACTIVITY OF ANTIOXIDANT
ENZYMES IN BULL BLOOD UNDER THE INFLUENCE OF CHELATE
CHROMIUM COMPOUNDS
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The aim of the study was to measure certain biochemical parameters in bull blood serum and
activity of antioxidant protection enzymes under feeding of 15-month-aged bull calves with Chromium (III)
in Chromium methionine chelate form. Four time periods with 15 days each were applied. At the I
(preparatory) period, animals received the basic ration (BR), while at the 2nd, 3rd and 4th periods animals
received Chromium (IIl) chelate compounds (0.8 mg of pure metal per day for each animal), as a solution
added to the morning watering. Blood was obtained from the jugular vein 2 hours after the morning feeding,
at the start of the Ist period and at the end of the 2nd, 3rd and 4th periods, and certain biochemical
parameters were measured in blood serum. It is shown that the introduction of Chromium (IIl) in its
methionine chelate form during morning feeding increased the level of urea (P<0.05) and decreased the
level of ammonia in blood at the 45th and 60th days. It also decreased (P<0.05) glucose concentration at the
45th day from the beginning of the experiment. At the same time, Chromium supplement did not affect the
content of total blood protein and the activity of superoxide dismutase. Catalase activity increased (P<0.05)
at 45th and 60" days, while the activity of the glutathione peroxidase decreased (P<0.05) at the 60th day of
treatment. As Chromium methionine chelate caused an increase in antioxidant enzymes activity and in
certain biochemical parameters of blood, we may conclude that adding organic Chromium to the feeding of
bull calves is advisable.
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OKPEMI BIOXIMIYHI TOKA3HAKHU TA AKTUBHICTb AHTHOKCUJAHTHUX
EH3UMIB Y KPOBI BYT'AUILIIB 3A 11 XEJIATHOI CIIOJYKHA XPOMY
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Memoro docridoicenus 60 eusHauumu 0esKi GIOXIMIYHI NOKAZHUKU CUPOBAMKU KPOGL byeatiyie ma
AKMUBHICMb eH3UMIE AHMUOKCUOAHIHO20 3aXUCTY Npu 320008y8anti 15-micaunum byeatiyam Xpomy (I1l) y
Gopmi Xpom memioninogozo xenamy. byno zacmocosano womupu uacogux nepioou no 15 Omuie KooiceH.
Y nepuwiomy (niocomosuomy) nepiooi meapunu ooepacysanu ocrhosuuil payion (OP), a 6 Opyeomy, mpemvomy
ma yemeepmomy nepiooax meapunu ooepaicysanu xenamui cnoayxu Xpomy (IIl) (0,8 me uucmozo memany 6
Odenb 011 KOJMCHOT meapunu) y ueisioi po3uuny nid uac pankogozo eunoiosanus. Kpos ompumysanu 3
APeMHOT 6eHU 3a 2 200uHU NICASL PAHKOB8OI 200i6, Ha nouamky 1-20 nepiody ma 6 kinyi 2-2o, 3-20 i 4-20
nepiodie Ol GUSHAYEHHS ) CUPOBAMYi KpoGi OKpemux OIoXiMmiuHux noxasuukie. bByro nokazamo, wo
oooasannsi Xpomy (II) y ¢hopmi memioninosoeo xenamy nio uac pankoeoi 200i6i npuseeno 00 3pOCMAHHS
piens cewosunu (P<0,05) ma snudicenus piensi amiaky y kposi Ha 45-my i 60-my 0obu. Taxoowc 3uusunacs
(P<0,05) xonyenmpayis eniokosu Ha 45-my 006y 6i0 nouamxy docuidy. Boowouac, dodaeannss Xpomy ne
BNIUMYIO HA BMICTH 302A716H020 DIIKA KPOBI MA AKMUBHICMb CYNepOKCUOOUCMymasu. AkmusHicms kamanasu
spocmana (P<0,05) na 45-my i 60-my 0obu, 6 moii uac sK aKMUGHICMb 2IYMAMiOHNEePOKCUOA3u
suuxcysanacs (P<0,05) na 60-my 006y excnepumenmy. Taxum UUHOM, 000amMKO8e 66COCHHS Y PAYIOH
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oyeatiyie Xpomy y 003i 0,8 me uucmozo memany 6 Oekb y 6ueisdi XpOMMEMIOHIHOB020 Xeaamy ONMUMIzye
BUBHEHI HAMU OIOXIMIYHI NOKASHUKU MA AKIMUSHICMb AHMUOKCUOAHMHUX (epMenmis y Kposi ma noKpauyye
nPOOYKMuUGHi sAKocmi meapuH. Bpaxosyrouu me, wo npu 320008Y8aHHI XPOMMEMIOHIHOB020 Xenamy
PeECmpyB8anacy euuia aKMUBHICMb AHMUOKCUOAHMHUX eH3UMIB Ma OKPeMux OIOXIMIYHUX NOKA3HUKIE KPOGi,
MOACHA 3POOUMU BUCHOBOK NPO QOYLIBHICIb 000AMK08020 66¢0CHHsL 8 PaYioH Oyealiyie opeaniunoco Xpomy.

Karouosi caoBa: BEJIMKA POTI'ATA XVYIOBA, MIKPOEJIEMEHTHU, XPOM,
XEJIATHI CHOJIYKH, KPOB, OBMIH IIPOTEIHIB, OBMIH BVYIJIEBOJAIB, CUCTEMA
AHTUOKCUJAHTHOI'O 3AXUCTY

HEKOTOPBIE BUOXUMHNYECKHUE ITOKA3ATEJIM U AKTUBHOCTD
AHTUOKCUIAHTHBIX ®EPMEHTOB B KPOBU BbIYKOB
MOJ JEMCTBUEM XEJATHOI'O COEJJUHEHUS XPOMA
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Lenvio uccnedosanus 6vII0 UZYHUMb HEKOMOPbIE OUOXUMUYECKUE NOKA3AMENU CHIPOBAMKYU KPOBU U
AKMUBHOCMb (hePMEHMO8 CUCEMb AHMUOKCUOAHMHOU 3AUUMbl NPU CKAPMAUSAHUU ObIuKam | 5-Mmecsaunozo
6o3pacma Xpoma (I1l) 6 popme Xpommemuonunosoeo xenama. bviio ucnonwb306ano yemvipe 6pemeHHbIX
nepuooa no 15 cymox xaxicoviil. B nepaviii (n0020mosumenbHuill)nepuoo HCUBOMHbsle NOJYYAIU OCHOBHOU
payuon (OP), 6o emopoui, mpemuii u 4emeeépmolli Nepuoobl HCUBOMHbBIE NOIYYUAIU XeNAMHOe coeOuHeHue
xpoma (IIl) (0,8 me wucmozo memania 8 O0eHb HA IHCUBOMHOE), 8 GUOE PACMBOPA 80 8PEMsL YMPEHHEe20
svinauganus xrcugomuvlx. Kpoev nonyuanu uz apemnou eeHvl uepe3 2 uaca nocie YmpeHHe2o KOPMIeHUs 8
Hayane 1-eo nepuooda uccredosanuii u 8 Kouye 2-eo, 3-20 u 4-eo nepuodos. B cviposamke kposu usyuanu
Hexomopuvle buoxumuyeckue nokazamenu. Ilokasano, umo npu OoonornumenvHom egedenuu Xpoma (1) 6
Gopme XpommemuoHuno08020 xenama npueoouso K 603pacmanuio ypoegis mouesunvt (P<0,05) u chusicenuio
yposHs ammuaxa 8 kposu Ha 45-e u 60-e cymxu. Takoce cuudcanaco (P<0,05) xonyenmpayis enioxko3vl Ha
45-e cymxu om navanra onwima. Ilpu smom 00b6aska xpoma He 61UANA HA codepicanue obwe2o berka 8
KpO8U U aKMUBHOCMb CYNepoKcuooucmMymasel. Axkmusnocms kamanazol nogviuianracy (P<0,05) na 45-e u
60-e cymku, 6 mo 8pems. Kak aKkmueHOCmb 2iymamuonnepokcuoasol cuudicanace (P<0,05) na 60-e cymxu
onvima. Yuumvlgas mo, 4mMo Npu CKAPMAUGAHUU XPOMMEMUOHUHOBO2O XeNamd, pPeSUCpupos8anoch
NOBbIUEeHUEe AKMUBHOCTHY AHMUOKCUOAHMHBIX (DepMEHMO08 U HEeKOMOPbIX OUOXUMUYECKUX NoKazamenetl
KPOBU, MOJICHO COelamb 3aKII0UeHUe O Yeaeco0OpasHOCmu OONOTHUMETbHO20 66e0eHUsl 8 PAYUOH DbIYKO8
opeanuyeckozo Xpoma.

KaoueBbie caaBa: KPYIIHBI POTATBIM CKOT, MI/IKPOQHEMEHTH, XPOM,
XEJIATHBIE BEILIECTBA, KPOBb, CUCTEMA AHTUOKCUJIAHTHOMU! 3AIIUTHI

To organize the livestock farming vitamins, and participate actively in the
effectively means to provide the animals with metabolic functions of animal organism [2].
appropriate conditions that will suite their Chrome plays an important role in
biological features and help them to realize animal metabolism. Cr’" is known to be an
their genetic potential effectively [1]. One of essential element for normal carbohydrate,
the basic factors of rational and complete protein, and lipid metabolism in human and
feeding of cattle are feed minerals in optimal animals [3]. The presence of chrome in nuclear
amounts and ratios. acids and its effects on replication and

Microelements are involved in the translation processes indicate its great
regulation of basic physiological processes. physiological importance. Animals on chrome-
They are present in hormones, enzymes, deficient diet show decreased ability to
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incorporate the amino acids, especially
glycine, serine, methionine, into proteins.
Chrome 1s also essential for maintaining the
structural stability of the protein molecules and
nucleic acids, as well as for normal growth and
development of the fetus. There are many
reports that chrome increases insulin activity
and lowers the blood sugar [4].

It is important to notice that this
element is often under-estimated while
developing norms of farm animals feeding.
There i1s no data on its content in diets, soil,
water, vegetable feed and in animals of
different biogeochemical provinces. Moreover,
understudied remains the effect of different
doses and compounds of chrome on some
levels of animal metabolism, for causing
maximum positive effect on the vital functions
of animals and their productive qualities.

The need for Chromium cannot be
satisfied with vegetables [5], as most of
chrome is retained in the roots and only little
of it is transported to the aboveground parts.
Studies [4, 5] of chrome addition to the animal
rations showed changes of insulin, sugar and
lipid blood rates in dependence of the amount
and form of added chrome, and the duration of
its use. For chrome deficit compensation,
different compounds are used, but their
different biological availability affects the
effectiveness of its use.

Among the new ingredients of feed
additives, increasing attention is drawn to
microelement chelates . The combination of
inorganic constituents (metals) with amino

acids creates entirely new  chemical
compounds, which mechanism of action,
physical and chemical characteristics

significantly differ from those traditionally
used in feeding (chlorides, sulfates, oxides).
From a purely chemical point of view, chelates
consist of a metal atom and the corresponding
ligands, amino acids. The spatial configuration
of the chelate contains a metal ion
(complexing agent) in the center of the
molecule, connected with amino acids
(ligands). Amino acid chelate molecule has a
symmetrical structure, and thus amino acids
are tightly and stably bound to the metal atom.
Therefore, unlike the inorganic microelement

forms, chelates are stable both in acidic and in
alkaline environments and do not lose their
solubility [6]. It is known that inorganic metal
salts are able to form insoluble complexes in
the rumen, reducing the digestion efficiency.
Thereafter, concentration of these
microelements is decreasing, because their
soluble form turns into insoluble.

According to this, the aim of our work
was to study the effects of chromium (III)
chelate compounds, added to the diet of
calves, on certain parameters of protein
metabolism and antioxidant defense. The
chelate, in chromium methionine form, was
synthesized at the Technology of biologically
active compounds, Pharmacy and
Biotechnology Department, National
University «Lviv Polytechnic».

Materials and methods

The study was conducted at the
experimental farm "CHISHKY", Institute of
animal biology NAAS. We studied three
black-motley breed bull calves aged 15
months, with fistulas imposed on rumen.
The periods  method was used. All
manipulations with animals were
corresponding to the European Convention
«On protection of vertebrate animals used for
experimental and scientific purposes» from
03.18.1986, the EU Directive Ne 609 from
24.11.1986, and «General ethical principles of
animal experimentation», adopted by the first
National Congress on Bioethics in Kiev, 2001
(protocol Ne 40 dated 15.07.13 by the
Commission of bioethical expertise of the
Institute  of animal biology NAAS).
Experiment lasted for 60 days and consisted of
four periods of 15 days each. In the first period
(preparatory), animals received the basic diet
(BD). In the second, third and fourth periods,
animals received a solution of chromium (III)
chelate compounds in dose 0.8 mg of pure
metal per animal daily, during the morning
watering. Blood was get from the jugular vein
and studied biochemically. Blood sampling
was performed 2 hours after the morning
feeding at the start of the 1% experiment period
and at the end of the 2™, 3", and 4™ periods.
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In the blood samples, the following
parameters were studied: protein concentration
(by Lowry) [7], concentration of ammonia (by
the micro-diffusion method wusing the
ammonium displacement from its salts with
concentrated alkali solution, followed by its
absorption with acid titrant) [8], glucose
concentration (by o-toluidine method: heating
glucose with ortho-toluidine in acetic acid
solution forms a compound in amount
proportional to the glucose concentration) [§],
urea concentration (by a color reaction with
diacethimooxyme) [9], glutathion peroxidase
(GPO) activity (EC 1.11.1.9) (by the speed of
GSH oxidation before and after incubation
with tertiary butyl hydroperoxide) [10],
superoxide dismutase (SOD) activity (EC
1.15.1.1) (by the level of enzyme inhibition of

nitroblue tetrazolium recovery process in the
presence of NADP and fenazyne metasulfate)
[11], catalase activity (EC 1.11.1.6) (by
hydrogen  peroxide decay rate [12].
The obtained data were processed statistically.
To determine significant differences between
mean values, Student's t test was used.

Results and discussion

Studying bull calves watered with
chromium methionine solution (fig. 1), we
revealed that their blood sugar at research
stages 2—4 was somewhat lower as compared
to one in the period 1, and significant
difference (P<0.05) was noted only in the 31
research period.
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Fig. 1. The glucose blood rate in bull calves before and after chromium methionine administration

This can be caused by the inclusion of
chromium methionine compounds into the
diet. Chromium is known to affect glucose

tolerance and carbohydrate metabolism.
In particular, it enhances the activity of insulin
that decreases glucose synthesis from

propionic acid and other blood precursors and
increases its metabolism in peripheral tissues
by facilitated diffusion mechanism, ie. the
concentration gradient, with participation of

protein carrier, thereby increasing its quantity
[13, 14]. Protein synthesis plays the key role in
the biochemical processes that underlie animal
life. [15]. According to protein metabolism
parameters (fig. 2), protein blood rate in
periods 2-4 (when bull calves were exposed to
chromium compound) had no significant
differences (P<0,05) comparing with 1%
period. This may indicate that chromium chelate
has low effect on protein synthesis in liver.
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Fig. 2. Proteine, ammonium and urea content in bull blood before and after chromium methionine administration

As for ammonium, its presence in
blood is known to be caused by amino acids
deamination in liver and splitting of rumen
content by bacteria. Analysis of the results
showed a significantly lower (P<0,05)
concentration of ammonia in the blood of
calves, watered with chromium methionine,
26.8 % and 21.3 % in the 3rd and 4th research
period respectively, comparing with 1* period.
Urea concentration in the blood serum under
chromium methionine action at all stages of
the study was higher, as compared to one in
the 1% period, and significant difference
(P<0,05) was noted on days 45 and 60 from
the start of the compound administration.
These results suggest that, under the influence
of chromium methionine, urea synthesis is
enhanced by deactivation of ammonia, which
is formed by the amino acids catabolism in
tissues. Therefore, greater amount of nitrogen
gets into rumen and is consumed by
microorganisms.

Free radical oxidation processes (FRO)
are underlying all cells metabolism and

determine the organism’s adaptive capacity to
non-specific or damaging factors. A damage of
physiological antioxidant protection system
(APS) leads to free radicals and reactive
metabolites formation, one of the main
mechanisms that cause cell damage or death.
We studied the action of chelated chromium
form on some antioxidant protection enzymes
performance level (fig. 3), in particular, we
examined superoxide dismutase, catalase, and
glutathione peroxidase activity. Thus, the
activity of superoxide dismutase, as one of the
key enzymes regulating peroxidation processes
at the initiation stage, in the bull blood was
slightly higher in 2nd period, indicating APS
activation at the start of chromium compounds
administration. In 3rd and 4th periods,
superoxide dismutase activity decreased to the
Ist period level, ie., period prior to the
introduction of chromium supplements.
This may indicate a lack of excessive O, toxic
radicals, and the organism eventually gets
adaptated to the chromium methionine diet.
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Fig. 3. Antioxidant protection system enzymes activity in bull blood before
and after chromium methionine administration
More  significant  changes  were causes blood wurea increase and blood

observed in the activity of catalase — one of
the most active APS enzymes. It prevents cell
hydroxide and hydrogen excessive
accumulation and is among the most long-
active enzymes: one catalase molecule is
capable to split 44,000 hydrogen peroxide
molecules per second [16]. During the whole
period of the experiment, 15.5-32.8 %
increase in catalase activity was observed,
although significant difference (P<0,05) was
noted only at 45" day from the start of
chromium methionine introduction.

Glutathione peroxidase is an important
part of the enzymatic antioxidant defense
system, its function is eliminating toxic
hydroperoxide radicals via their reduction by
glutathione. We observed a tendency of
glutathione peroxidase activity decrease during
the whole period of study. However,
significant (P <0.05) decrease in the activity of
this enzyme has been observed only on the
60™ day from the beginning of the experiment.
We can assume that the prooxidant action of
chromium is done via hydroxyl radical
production. Being an active form of oxygen,
this radical enhances free radical oxidation,
thereby causing a damaging effect and
activating APS [17].

Conclusions

Adding Chromium (III) in chromium
methionine form to the diet of bull calves

ammonium decrease at days 45 and 60, and
blood sugar decrease at day 45 (from the start
of the study). The chromium methionine
effects on APS are shown by catalase activity
increase at days 45 and 60, and glutathione
peroxidase activity decrease at day 60.

Prospects for further research. To
clarify the role of chromium in metabolic
processes in cattle and  appropriate
requirements of it, it is advisable to study
effects of other doses and forms of chromium
on blood biochemical and metabolism
parameters of the rumen contents of
ruminants.
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