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ACTIVITY OF MALATE-ASPARTATE SHUTTLE ENZYMES AND
ANTIOXIDANT DEFENSE OF REPRODUCTIVE ORGANS AND
EPIDYDYMAL SPERMATOZOA OF RATS
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The activity of malate-aspartate shuttle and antioxidant defense enzymes of
reproductive organs and epididymal spermatozoa of rats were studied. It was
found that with changing of anatomic spot of rat reproductive organs: from
testes to epidydymal spermatozoa, activity of antioxidant enzymes (p < 0,05 —
0,001), AST (p < 0,001) is getting lower, and in epidydymus MDH activity is
maximal (2,10+0,17 nmol/minxmg protein).
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Spermatozoa quantitative and qualitative characteristics in bull ejaculates
are specified by biochemical processes that run in testicle and epididymal
tissues, and sex cells in epididymis. Among biochemical processes important
place take energy generating reactions, which are connected with malate-
aspartate shuttle [1]. Due to shuttle mechanism, which is made by malate
dehydrogenase (MDH) and aspartate aminotransferase (AST), occurs a
regulation of relation between reduced and oxidited forms of
nicotinamideadeninedinucleotide =~ (NADH/NAD®) in  cytoplasm  and
mitochondria, substrate transamination and their incorporation in TCA cycle [2].
Furthermore, reproductive tissues and maturing spermatozoa characterize by
oxidative processes that result in reactive Oxygen species (ROS) production,
O,” and H,O; in particular. ROS generation in physiological normal values is
necessary condition of spermatogenesis, capacitation and acrosomal reaction [3].
ROS exceeding generation and accumulation causes maturing spermatozoa
metabolism violation and loss of fertilizing ability [4]. Optimal level content of
ROS is maintained by multicomponent antioxidant system, key role in which
play antioxidant enzymes (superoxide dismutase, SOD; glutathione peroxidase,
GPO; catalase, CAT) [5]. However, defense mechanisms against ROS
destructive action and their production regulation in tissues and maturing
spermatozoa, sex cell energy providing in specific anatomical spots of
reproductive system, their specifications, remain unknown.

In connection with this, antioxidant defense enzyme activity and malate-
aspartate shuttle of rat reproductive organs and epidydimal spermatozoa.

Materials and methods



Researches were carried out on mature male rats (Rattus norvegicus var. Alba,
line Wistar; n = 21; age — 5-6 months). Experimental procedures were carried
out according to the European convention for the protection of vertebrate
animals used for experimental and other scientific purposes (Stratsburg: Counsil
of Europe, 18.03.1986) and Law of Ukraine "On protection of animals from
cruelty" of 21.02.2006. Laboratory animals were decapitated under chloroformic
narcosis. After decapitation epididymis and testicles were extirpated, and
spermatozoa were washed from them with 0,9 % solution of sodium chloride.
Epididymal and testicle tissues were homogenized in Potter homogenizer at 4°C
in 0,25M sucrose solution (pH 7,4) and 6000 rev/min during 1 min.
Homogenized tissue were centrifuged for 15 min at 8000 rev/min. In supernatant
and epididymal spermatozoa activity of antioxidant defense enzymes (SOD [6],
GPO [7] a CAT [8]) and malate-aspartate shuttle: AST [9] and MDH [10] were
studied. Protein concentration in homogenized tissue and spermatozoa was
determined with Folin phenol reagent [11]. Statistical analysis of gathered data
was made by M. O. Plohinskiy [12].

Results and discussion
Rat epididymal and testicle tissue and epididymal spermatozoa
characterize malate-aspartate shuttle enzyme and antioxidant defense activity.
AST activity in rat epididymal and testicle tissues is 26,8 — 30,5 nmol/minxmg
of protein, and in epididymal spermatozoa — in 2,6—3,0 times (p < 0,001) lower
(10,3+1,12 nmol/minxmg of protein; tabl.).
Table 1

Activity of malate-aspartate shuttle enzymes and antioxidant defense of reproductive
organs, n=21; M+m

Tissue Epididymal

Enzymes Testicle Epididymis spermatozoa

AST, nmol/minxmg of protein 26,8+3,88 30,5+4,57 10,341,127
MDH, nmol/minxmg of protein 0,45+0,088 2,10+0,177 0,34+0,03
SOD, U/ mg of protein 18,242,59 11,9+0,89" 9,7+0,83"

GPO, pmol/minxmg of protein 1,27+0,088 1,15+0,17 0,27+0,09""

CAT, umol/minxmg of protein 2,10£0,27 2,12:0,40 0,36+0,05

*Remark: difference is statistically valid comparing with testicle tissue * - p < 0,05; ** - p <
0,01 *** - p < 0,001

MDH activity is highest in epididymis (2,10+£0,17 nmol/minxmg of
protein), in testicle tissue lower on 78,6 % (p < 0,001) and in epididymal
spermatozoa the lowest — 83,9% (p < 0,001).

Highest SOD activity is determined in testicle tissue (18,2+2,59 1U/mg of
protein), lower on 34,6 % (11,9+0,89 1U/mg of protein) in epididymis and the
lowest (9,7+0,83 IU/mg of protein) in epididymal spermatozoa. Analogical,
GPO activity lowers with production and maturation of spermatozoa: testicle —
epididymis — epididymal spermatozoa, correspondingly, from 1,27+0,088




umol/minxmg of protein in testicle tissue, lower on 9,5 % in epedidymis and on
78,2% (p < 0,001) in epididymal spermatozoa. Herewith, CAT activity of
testicle and epididymal tissues is equal (2,1 pumol/minxmg of protein) and
lowers on 82,9 % in epididymal spermatozoa. Thus, changing in rat reproductive
organs: testicle — epididymis — epididymal spermatozoa characterizes by
gradual lowering of AST and antioxidant enzymes activity. Herewith, maximal
MDH activity is in epididymis.

Thus, discovered higher AST activity, comparing to MDH, in testicle and
epididymis, points out intensive disposal of aspartate in processes of tissue
anabolism and catabolism, and maximal MDH activity in epididymis indicates
energetic substrates high necessity in this rat reproductive system anatomical
spot. Simultaneously, high SOD activity in testicle tissue, where
spermatogenesis is carried out, indicates that enzyme performs a valuable role in
cell protection in the time of differentiation, when chromatin is in
noncondensated state and particularly sensitive to superoxide anion radical
impact. High O™ utilization intensity leads to formation of H,O, high quantity,
which activates CAT. GPO activity in testicle tissue, comparing to CAT, is
lower, which is specified by high H,O, accumulation and activation of higher
efficiency utilization system. In epididymis takes place final spermatozoa
maturation stage, during which essential reconstruction of cytoplasmic
membrane are implemented, involving ROS. That is why antioxidant defense
system enzymes carry out regulation role, controlling ROS levels. Lowered level
of epididymis antioxidant defense activity may indicate spermatozoa maturation
completion and ability to fertilize oocyte.

Conclusions

1. Activities of AST in testicle and epididymis tissues are equal (26,8 — 30,5
nmol/minxmg of protein), and lower in 2,6 — 3,0 times (p <0,001) in
epididymal spermatozoa.

2. MDH activity is highest in epididymis (2,10+0,17 nmol/minxmg of
protein), in testicle tissue lower on 78,6 % (p < 0,001) and in epididymal
spermatozoa the lowest — 83,9% (p < 0,001).

3. SOD highest activity is in testicle tissue (18,2+2,59 IU/mg of protein),
lower on 34,6 % (11,9+0,89 IU/mg of protein) in epididymis and the
lowest (9,7+0,83 1U/mg of protein) in epididymal spermatozoa.

4. CAT activity in testicle and epididymal tissues is high (2,1 pmol/minxmg
of protein) and on 82,9 % lower in epididymal spermatozoa

5. GPO activity lowers with production and maturation of spermatozoa:
testicle — epididymis — epididymal spermatozoa, correspondingly, from
1,27+0,088 pmol/minxmg of protein in testicle tissue, lower on 9,5 % in
epedidymis and on 78,2 % (p < 0,001) in epididymal spermatozoa.

Research perspectives. It is reasonable to continue research work with
studying enzymes of malate-aspartate shuttle and antioxidant defence in male
organs of agricultural animals — boar and bull.
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3B’A3KN MI’K AKTUBHICTIO EH3UMIB MAJIAT-ACITAPTATHOI'O IIYHTA 1
AHTHOKCHUJAHTHOTI'O 3AXUCTY CIIEPMU

H. Ky3bmina, JI. Ocranis
IncruryT OioJiorii TBapun HAAH

Busuanu 36'si3xu  midc eH3umamu maram-acnapmamuo20 uyHma i
AHMUOKCUOAHMHO20 3AXUCTY 8 CEINCOOMPUMAHUX esSKYIAMax Oyeaie ma KHypie.
Bcmanosneno, wo miogie axmusHicmio  manamoeziopocenasu (M) i
cynepoxcuooucmymasu (COJ]) icnye nozumuena sanexcuicme (n = 0,367 — y
oyeas ma 0,205 — 'y «kuypa). YV Oyeas makcumym — aKmueHOCH
enymamionnepoxcuoazu  (I'TIO - 1,01£0,09 mxmonv/xéxme  npomeiny)
nposeniaemocs 3a akmusnocmi M 0,20 — 0,30 umonv/xexme npomeiny (1 =
0,407). 'Y cnepmi «xnypa, ymeopenuu H,0, 3a nocepeonuymea MJT,



ymunizyemocs kamanaszorw (KAT, n = 0,326). Ha npomusacy, y cnepmi 6yeas
MII" necamusno kopentoe 3 axmugnicmwo KAT (n = 0,566). Axmuenicmo
acnapmamaminompancgepazu (ACT) nposense necamusnuu 36’530k 3 COJ[
cnepmu kHypa (n = 0,446), a y 6yeas - cnabkui (n = 0,281). Axkmusnicme ACT y
cnepmi KHypa ma 6yeasa niosuwye axmuenicmo ITIO (n = 0,356 i 0,425) i
suuoicye KAT (n = 0,4401 0,458).

KurouoBi cjioBa: Manat-aciapTaTHUN IIYHT, aHTUOKCHJAHTHA CHCTEMA,
akTuBHI (hopMu OKCUTEHY, CTIEpMII.

CBA3U MEXAY AKTUBHOCTBIO DH3MMOB MAJIAT-ACITAPTATHOI'O
IIYHTA U AHTUOKCHUIAHTHOM 3AIIUTHI B CHEPME BBIKOB U XPSIKOB

H. Ky3pmuna, /1. Ocranus
NucTutyT OMosiornu ;kuBoTHbix HAAH

H3zyuanu cesasu medxcoy OoH3UMAMU Maiam-acnapmamio20 wyHma u
AHMUOKCUOAHMHOU 3AUWUMbL 8 CEEHCENONYUEHHBIX IAKYIAMAX ObIKO8 U XPSKOS.
Yemanoeneno, umo meoscoy axmusnocmoio manamoecuopozenasvl (M) u
cynepokcuoucmymasvl (CO/l) cywecmeyem nonodcumenbHas 3a8UCUMOCHb (1]
= 0,367 — y 6vika u n = 0,205 — y xpsaxa). V ovika maxcumym axmueHocmu
enymamuonnepokcuoasol  (I'TIO;  1,01+0,09 mrxmonb/Mun xme  npomeuna)
nposensiemcs npu akmusnocmu 0,20 — 0,30 umonwv/xe xme npomeuna M/ (n =
0,407). B cnepme xpaxa, obpazosaunviti H,O, npu yuacmuu M,
ymunuzupyemcs kamanasou (KAT, n = 0,326). B npomusosec, 6 cnepme Ovika
M necamueno koppenupyem ¢ akmusrnocmoio KAT (5 = 0,566). Akmusnocmo
acnapmamamunompancgepaszvl (ACT) npossensiem ompuyamenbHylo c613b C
CO/] cnepmul xpsika (n = 0,446), a y 6wika - crabyio (n = 0,281). Akmuenocmo
ACT 6 cnepme xpsaxa u 6vika nogviuwiaem akmugnocmo I'TIO (n = 0,356 u 0,425)
u cnuscaem KAT (n = 0,440 u 0,458).

KiroueBble cioBa: ManarT-acrapTaTHBIM IIYHT, aHTHOKCHUAAHTHAs CHUCTEMA,
akTuBHBIE (hOpMbI OKCUTEHA, CIIEPMUMU.



