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The pharmacotherapy of tuberculosis
by various combinations of antibiotics is
always associated with the possibility of
serious undesirable consequences devel-
opment. Moreover, even knowing the
long-term consequences of each individu-
al medicines use does not allow us to
foresee with confidence their effects in
combination with other antituberculosis
agents. On the other hand, the severity
of this pathology and the duration of
treatment require the most possible opti-
mizing of the used means choice.

The aim of investigation was a com-
parative primary assessment of two anti-
tuberculosis medicines combinations
(ATM) possible long-term consequences
for male reproductive function. For this
purpose, we estimated the DNA fragmen-
tation level in rat testis and epididymises
as a marker of apoptosis [1].

Material and methods. Wistar albino
male rats, body weight (b.w.) of 150 g to
170 g, were used in the study. They were
kept under a controlled temperature
(from 22 °C to 24 °C), relative humidity
of 40 % to 70 %, lighting (12 h light-
dark cycle), and on a standard pellet feed
diet («Phoenix» Ltd., Ukraine). The
study was performed in accordance with
the recommendations of the European
Convention for the Protection of Verte-
brate Animals used for Experimental and
other Scientific Purposes and approved
by the Institutional Animal Care and Use
Committee.

Ethambutol (EMB), isoniazid (INH),
pyrazinamide (PZA), rifampicin (RMP)
were supplied by the SIC «Borzhagovsky
Chemical-Pharmaceutical Plant» CJSC,
Ukraine. ATM suspended in 1 % starch
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gel were given by gavage in DOTS
(directly observed treatment, short-
course) regimen at maximal doses used
in clinic [2] EMB - 155,0 mg/kg B.W./
day, RMP - 74,4 mg/kg B.W./day, INH -
62,0 mg/kg B.W./day, PZA - 217,0 mg/
kg B.W./day — for 60 days (duration of
spermatogenesis process and time of
germ cell maturation in epididymis [3]).
Streptomycin (STR) dose was 14 mg/kg
B.W./day. STR (supplied by the SIC
«Borzhagovsky Chemical-Pharmaceutical
Plant» CJSC, Ukraine) was dissolved in
novocain solution produced by SIC «Dar-
nitsa», series: 10111 and injected intra-
muscularly also for 60 days. The coeffi-
cient for conversion of human doses to
animal equivalent doses based on body
surface area was taken into account [4].

Animals were divided into 3 groups (8
rats in each):

Group 1: control — administration of
1 % starch gel;

Group 2: co-administration adminis-
tration of INH, RMP, PZA and EMB for
60 days (combination 1);

Group 3: co-administration of INH,
RMP, PZA and STR for 60 days (combi-
nation 2).

At the terminal phase of the experi-
ments, rats were euthanised by decapita-
tion under diethyl ether anesthesia. The
ether concentration was 80 ml per liter
of container volume; exposure time was
approximately 5 min. Removed testes
and epididymises were stored in liquid
nitrogen till further investigation.

To determine the degree of DNA frag-
mentation the specimens (frozen in lig-
uid nitrogen) were homogenized and
genomic DNA was obtained [5].

Tissue was homogenized and digested
in digestion buffer (100 mM NaCl; 10 mM
Tris-HCI; 25 mM EDTA, pH 8; and 0,5 %
SDS) and freshly added 0,1 mg/mL
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proteinase K (Sigma-Aldrich, Ink., USA)
(1:1,2 mg/ml) with shaking at 50 °C for
15 h. RNA was degraded by incubation
of the samples with 1-100 mg/mL ther-
mostable RNase H for 1,5 h at 37 °C.
DNA was extracted with an equal vol-
ume of phenol-chloroform-isoamyl alco-
hol (25:24:1) and centrifuged for 10 min
at 1700 x g. The DNA was precipitated
by adding 0,5 vol 7,5 M ammonium ace-
tate and 2 vol 100 % ethanol to the aque-
ous layer; samples were separated by
centrifugation at 1700 x g for 5 min,
rinsed with 70 % ethanol, and air-dried.
The pellet was dissolved in TBE buffer
(10 mM Tris-HCl and 1 mM EDTA, pH
8); and then were fractionated through 2
% agarose gels (50-60 V; 3,5 h). After
electrophoresis gels were stained with
ethidium bromide and visualized under a
UV transilluminator (BIORAD, USA).
Electrophoresis data analysis was carried
out with Quantity One Software (USA).

Results. The effects of two ATM combi-
nations on DNA fragmentation in rat tes-
tes and epididymises were investigated.

Figure 1 demonstrates that in the tes-
tes of control animals was present only a
slight fragmentation of DNA (2 frac-
tions in the area of 20-100 b.p.).
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Figure 1. DNA fragmentation in rat testes
(Mr — DNA marker; 1— control; 2 — combi-
nation 1; 3 — combination 2). Analysis con-
ducted using the software Quantity One

The administration of combination 1
enhanced testes DNA fragmentation and
resulted in the formation of 6 major
fractions of DNA fragments. The first
fraction was represented by relatively
high-molecular fragments — 1200 b.p.,
the second — 850 b.p., the third — 650 b.p.
and the fourth — 550 b.p. The fifth frac-
tion consists of low molecular weight
fragments of DNA (40-30) b.p. Accord-
ing to peak intensity data, the first and
fifth fractions of DNA were the largest
(Figure 1).

The combination 2 also caused forma-
tion of 6 main fractions of DNA frag-
ments: the first — with lengths exceeding
1000 b.p., the second — 850 b.p., the
third — 500 b.p., the fourth — 400 b.p.,
the fifth — 200 b.p. and the sixth -
40-30 b.p. The largest of them was a
fraction containing DNA strands in the
range 40—-30 b.p. According to the peak
intensity data it was 1,5 times greater
than others.

It has been established that the rela-
tive content of DNA fragments in the
testes of rats receiving two different
combinations of ATMs increased by 3—
4 times compared with control (Table).

A slightly different picture was
observed in the study of rat epididymises
DNA fragmentation (Fig. 2).

In case of only starch gel administra-
tion (control), there was a slight frag-
mentation of DNA to 3 main fractions
(the first — 250 b.p., the second -
150 b.p. and the third - 20 b.p.).
According to the peak intensity data the
second and third fractions of DNA were
the largest.

Combination 1 administration enhan-
ced fragmentation in epididymises and
resulted in the formation of 10 major
DNA fractions. The first fraction was
represented by relatively high-molecu-
lar fragments of 900 b.p., the second —
800 b.p., the third — 750 b.p., the fourth —
550 b.p., the fifth — 500 b.p., the sixth —
400 b.p., the seventh — 350 b.p., the
eighth — 250 b.p. The ninth and tenth
fractions were represented by low molec-
ular weight fragments of DNA — 30 and
40 b.p. According to peak intensity data,
the first, sixth and eighth fractions of
DNA were the largest (Figure 2).
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Table

Relative content of DNA fragments of different molecular weights in the testes and
epididymises of rats receiving two combinations of ATM

Group % of DNA fragmentation from total DNA content
testes epididymises
Control 6,51 6,53
Combination 1 22,22 46,81
Combination 2 28,29 36,54

Figure 2. DNA fragmentation in rat epididy-
mises (Mr — DNA marker; 1 — control; 2 —
combination 1; 3 — combination 2). Analysis
conducted using the software Quantity One

When combination 2 was administered
to experimental animals, in their epi-
didymises 9 major fractions of DNA
fragments were detected in the range
from 20 b.p. up to 800 b.p. According to
peak intensity data these fractions had
approximately equal peaks intensity.

Relative contents of DNA fragments
in rats epididymises with administration
of ATM combinations 1 and 2 were
greater than that in control by 7 and
5, 6 times, respectively (Table).

Discussion. DNA is an important
molecular target for antituberculosis
agents toxic effects [6], which induced
endonucleases for its lethally splitting.
Among this such compounds could inhib-

it processes of DNA repair by nuclear
DNA-polymerases. Level and character
of DNA fragmentation are markers of
apoptotic processes in organism [1].

In our experiments, obviously, in tes-
tes and epididymises, the toxic effects of
the ATMs combinations were realized
irrespective of STR or EMB presence.
Although certain features of their effects
were discovered. The combination with
EMB more strongly stimulated the pro-
cesses of DNA fragmentation in epididy-
mises, whereas the use of a combination
with STR — in testes. Certain differences
in the fragmentation of DNA between
epididymises and testes may be associat-
ed with different nucleases sets in vari-
ous tissues.

The results obtained are in good cor-
respondence with our previous data on
changes of DNA fragmentation processes
in hepatocytes and testes of rats with
administration of EMB, INH, PZA and
RMP alone or in combination [7—10] and
with results of other authors, which
established antituberculosis agents nega-
tive effects on liver DNA methylation
state [11], and inhibition of normal DNA
synthesis in spermatogonia of male rab-
bits [12]. Dysregulation of physiological
germ cells apoptosis, which could cause
male infertility [13], may be a result of
external disturbances such as exposure
to certain chemotherapeutic agents [14].
Differences in DNA-fragmentation pro-
cesses between control and ATM combi-
nations groups could be caused by chang-
es in effectiveness DNA-fragmentation
processes [1]. The comparatively high
level of DNA fragmentation in testes of
ATM-treated male rats is an evidence of
germ cells apoptotic death intensification
[15].
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L. B. Bondarenko, G. M. Shayakhmetova, V. M. Kovalenko
Effects of two antituberculosis agents compositions on DNA fragmentation
in Wistar albino male rats

The pharmacotherapy of tuberculosis by various combinations of antibiotics is always associated
with the possibility of serious undesirable consequences development. Moreover, even knowing the
long-term consequences of each medicine use does not allow us to foresee with confidence their
effects in combination with other antituberculosis agents. On the other hand, the severity of this pathol-
ogy and the duration of treatment require the most possible optimizing of the used means choice. The
aim of investigation was a comparative primary assessment of two antituberculosis medicines’ combi-
nations (ATM) possible long-term consequences for male reproductive function. For this purpose, we
estimated the DNA fragmentation level in rat testis and epididymises as a marker of apoptosis. Animals
were divided into 3 groups (8 rats in each): Group 1: control — administration of 1 % starch gel; Group 2:
concomitant administration of isoniazid, rifampicin, pyrazinamide and ethambutol for 60 days (combi-
nation 1); Group 3: co-administration of isoniazid, rifampicin, pyrazinamide and streptomycin for 60
days (combination 2). In our experiments, obviously, in testes and epididymises, the toxic effects of the
ATMs combinations were realized irrespective of streptomycin or ethambutol presence. Although cer-
tain features of their effects were discovered. The combination with ethambutol more strongly stimu-
lated the processes of DNA fragmentation in epididymises, whereas the use of a combination with
streptomycin - in testes. Certain differences in the fragmentation of DNA between epididymises and
testes may be associated with different nucleases sets in various tissues. The comparatively high level
of DNA fragmentation in testes of ATM-treated male rats is an evidence of germ cells apoptotic death
intensification.
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J1. b. boupapeHko, I. M. LLlasxmeToBa, B. M. KoBaneHko

Bname ABOX KOMMNO3uULi NPOTUTYGEPKYNbO3HUX 3ac00iB Ha ¢pparmeHTauiio JHK

y wypiB-camuiB niHii Bictap

dapmakoTepania Ty6epkynbo3y PidHUMM KOMBiHaLLISIMM aHTUBIOTUKIB 3aBX M NOB’A3aHa 3 MOXJIUBICTIO
PO3BUTKY CEpro3HMX HebaxaHux Hacnigkie. binblle TOro, HaBiTb 3HAIOYM MPO OOBroTPUBANI HACMILKM
BUKOPUCTAHHS KOXHOMO NiKapCbKOro 3acoby, M1 He MOXEMO 3 YNEBHEHICTIO nepeadadqnTy ixHi Hacniaku B
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NoeAHaHHI 3 iHLWMMW NPOTUTYOEPKYILO3HUMYK areHTamu. 3 iHWoro 60Ky, TAXKICTb Liel naTtonorii Ta Tpuea-
NicTb NikyBaHHS BUMaraloTb MakCmasibHO MOX/IMBOI ONTMUMI3aLLii BUOOPY BUKOPUCTOBYBaHNX 3aC00IB.

MeTta gocniaxeHHs: — NOPIBHANbHA NEPBMHHA OLHKA MOX/MBUX OOBrOTEPMIHOBMX HACNiAKiB LOA0
YOJI0BIYOi PenpPoAYKTUBHOT dYHKLT ABOX KOMOGIHALLM NPOTUTYOEepKyNbO3HUX NlikapCbkmnx 3acobiB. 3 ujielo
MEeTOIO OLiHeHO piBHI pparmeHTauii IHK y ciM’aHnKkax Ta enignanmicax LWwypis Sk Mapkepu anontosy. Tea-
PUYH noainsnn Ha 3 rpynu (no 8 LwypiB y KOXHii): rpyna 1 — KOHTponb — BBeAegHHs 1 % kpoxmanto; rpyna 2 —
OfHOYacHe 3aCTOCYBaHHS i30Hia3uay, pudamniumHy, nipasuHamigy Ta etambytony npotsarom 60 AHie
(kombiHauia 1); rpyna 3 — ogHo4YacHe 3acToCyBaHHs i30Hia3nay, pudamnilmHy, nipa3vHamigy Ta cTpenTo-
MiunHy npoTtarom 60 gHiB (koMbGiHaLis 2). Y HaWmnx ekcrnepuMeHTax, 04eBUAHO, Y CiM’sHMKax Ta enignau-
Micax TOKCWYHiI edekTn KoMOiHaLin npoTUTYOEepKybo3HNX 3aC06iB peani3oByBaNCS HE3aNeXHOo Bif,
HasiIBHOCTI CTpenToMiuMHy abo eTamOyTosy, Xxo4a Oynn BUSBNEHI NeBHI 0COBNNBOCTI ixHix Hacniakie. Kom-
GiHauis 3 eTamOyTONOM CUMbHiWe cTuMyntoBana npouecun dparmerTauii AHK B enignanmicax, Tonji sk
3aCToCyBaHHSA KOMOiHaLji 3 CTPenTOMILUMHOM — Yy ciM’aHukax. Jeski BigMIHHOCTI B piBHSAX dparmeHTauii
OHK mix enigngmmicamun ta ciM’aHMKaMu MoXyTb OyTK MOB’A3aHMMK 3 Pi3HMMK Habopamu Hykneas y
[aHUX TKaHWHax. MopiBHAHO BUCOKUIA piBeHb dparmeHTauii AHK y ciM’aHmkax camuis, WO NPOMLLAN JliKy-
BaHHS NPOTUTYOEpPKYNbO3HMMKN 3acobamu, € CBiAYEHHAM iHTeHcudikauii B HUX anonToTuU4HOI 3arnbeni
CTaTeBUX KNITUH.

Knrovosi crnosa: ¢pparmenHtauis AHK, ciM’aHukn, eniguavmicu, Lypuy

J1. b. bBoHgapeHko, A. M. LLlasxmeToBa, B. H. KoBaneHko
BnusiHme AByx KOMNO3uLMIi NPOTUBOTYOEPKYNE3HbIX CPeACTB Ha pparMeHTaumIo
AHK y kpbic-camuoB nuiuu Bucrap

®dapmakoTepanus Tybepkynesa pasnnyHbIMU KOMOMHAUMSMN aHTUOMOTMKOB BCErga cBsi3aHa C BO3-
MOXHOCTBIO Pa3BUTUS CEPbE3HbIX HEXeNaTesbHbIX NocneacTBuii. Bonee Toro, paxe 3Has 0 AOnrospe-
MEHHbIX NMOCNEACTBUSX NCMOJIb30BAHWS KaXA0ro IEKAPCTBEHHOIO CPEACTBA, Mbl HE MOXEM C YBEPEHHO-
CTblO NPeAcKasaTtbh UX NOCNeACTBUS B COYETAHUN C APYrMMU NPOTUBOTYOEPKYNe3HbIMKM areHTamu. C apy-
rOi CTOPOHbI, TAXECTb 3TOM NaTONOrMN U NPOLAOSIXKUTENBHOCTb JIeHEHNs TPEOYIOT MakCUMasibHO BO3MOX-
HOW ONTMMM3aLMKN BbIOOPA UCMONb3YEMbIX CPEACTB.

Llens nccnenoBaHus — cpaBHUTENbHAA NEPBUYHAS OLLEHKA BO3MOXHbIX AOJIFOCPOYHBIX NMOCNEACTBUIA
OTHOCUTENBHO MY>XCKOIN PenpoaykTUBHOM (PYHKLMM ABYX KOMOWHALMI NPOTUBOTYOEPKYNE3HbIX IEKapCT-
BEHHbIX cpeacTB. C 3TON LEeNbio Mbl OLLEHUIN YPOBHM dparmeHTaumn JHK B ceMeHHMKax n ennamanmMmmn-
cax KpbIC B Ka4eCTBe MapkepoB anonto3a. )KMBOTHbIX pasaensnu Ha 3 rpynnbl (No 8 KpbiC B KaXA0M):
rpynna 1 — koHTponb — BBeaeHne 1 % kpaxmana; rpynna 2 — o4HOBPEMEHHOE NPUMEHEHNE N30HMA3NAA,
pudamMmnmumHa, nupasvHaMmmaa u atamoyTtona B TedeHne 60 gHen (kombuHaums 1); rpynna 3 — ogHoBpe-
MEHHOE NPUMEHEHNE n3oHMasnaa, pudamMmnuumHa, nupasnHaMmmaa n CTpenTomMmumHa B teyeHne 60 gHen
(komBurHauus 2). B HalWMX aKcneprMeHTax B CEMEHHMKaxX 1 ennanaumMmncax Tokcmdeckmne apdekTbl Kom-
BuHaUMA NPOTMBOTYOEPKYNE3HbIX CPEACTB, OYEBUOHO, PEASM30BLIBA/IMCL HE3ABUCMMO OT Hannyus
CTPENTOMULMHA UM 3TaMOyTosa, XOTS Oblnn BbISIBIEHbI ONPeAeneHHble 0COOEHHOCTU NOCNEACTBUIA UX
BBeAeHNs. KomObuHaums ¢ aTamOyToNIoM CuUiibHee CTUMYynpoBana npoueccol dparmeHtaunm JHK B enu-
onoumuncax, Torga kak npuMeHeHne KomMOuHauum co CTPEenTOMULIMHOM — B CEMEHHMKax. HekoTopble
pasnuuus B ypoBHsX dparmeHTauumn AHK mexay ennanammMmcaMm n ceMeHHUKamMm MoryT ObiTb CBSI3aHbl
C pasnuyHbiM1 Habopamu Hyksieas B AaHHbIX TkaHsx. CpaBHUTENbHO BbICOKMUIA YPOBEHb dparMeHTaumm
JHK B cemMeHHMKax camuoB, MPOLUeAnX Jie4eHne NpoTUBOTYOEPKYIE3HbIMU CPEACTBaMU, SIBASETCS
CBUAETENIbCTBOM MHTEHCUDUKALMN B HUX arlONTUYECKOW rmbenv MonoBbIX KIIETOK.

Knouesblie croBa: ¢pparmeHTaums AHK, ceMeHHvKun, enuaunanmMmncsl, KpbIChl
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