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Aspecte ontogenetice ale oxidarii peroxidice a lipidelor in tesutul osos in osteopatia hepatica

Scopul cercetarii a fost studiul intensitétii proceselor de oxidare peroxidici a lipidelor in tesutul osos in osteopatia hepatica, la diferite etape
ale ontogeniei postnatale. Experientele au fost efectuate pe sobolanii tineri (2 luni), adulti (6 luni) si batrani, postmenopauzali (18 luni), care au
fost divizati in doud subgrupuri — martor si cu osteopatie hepaticd, modelatd prin administrarea de duratd a tetraclorurii de carbon (sol. de 50%).
Intensitatea oxidérii peroxidice a lipidelor a fost apreciaté prin determinarea in pulberea de os femural a activitdtii oxidante totale, a produsilor
initiali ai oxidarii peroxidice a lipidelor-hidroperoxizilor lipidici, a conjugatelor cetodienice §i a compusilor carbonilici de tib baze Schiff, in fazele
hexanica i hidroalcoolicd, precum si a dialdehidei malonice. Administrarea de durata a tetracloruruii de carbon nu induce modificéri statistic
veridice ale activititii oxidante totale in tesutul osos al animalelor experimentale, indiferent de varstd. Se atestd cresterea semnificativa a produsilor
initiali ai oxidarii peroxidice a lipidelor in faza hidroalcoolicd, la masculi in toate loturile, cele mai mari valori fiind depistate la masculii batrani.
La femele s-a inregistrat doar cresterea nivelului compusilor carbonilici la animalele adulte in ambele faze. Cantitatea dialdehidei malonice nu
variaza semnificativ in loturile experimentale cercetate, relevindu-se doar o tendinté de descrestere la animalele béitrane de ambele sexe. Astfel,
administrarea de duratd a tetraclorurii de carbon induce o amplificare mai pronuntaté a oxidarii peroxidice a lipidelor la masculi indifernent de
varstd in faza hidroalcoolica, care posibil relevi o sensibilitate mai mare a lipidelor polare ale tesutului osos, la actiunea prooxidanta a tetraclorurii
de carbon. Numarul si amploarea minima a modificarilor oxidarii peroxidice a lipidelor la femele se explica, probabil, prin capacitatea si eficienta
mai inaltd a sistemului antioxidant al tesutului osos la femele.

Cuvinte-cheie: tesut 0sos, osteopatie hepatica, oxidare peroxidica a lipidelor.

HEPEKIIICHOE OKMNC/IeHMe NUNNA0B KOCTHOM TKaHun npum neyeHOYHOW ocTeonaTuv

Ienbio paboThI OBUIO MICC/IEOBAHME IEPEKIICHOTO OKVICTIeHNUA ININIOB B KOCTHOI TKaHM IIPY IIeYeHOYHOI OCTEOIaTNy Ha PAa3HbIX STanax
MIOCTHATA/IBHOTO OHTOTeHe3a. OTBITH OM/IN MpOBeeHbl Ha MOMOABIX (2 MecsAla), B3pOCIbIX (6 MecAleB) U CTApPbIX, IOCTMEHOIAY3a/IbHBIX
(18 Mecs1leB) KpbICax, KOTOPbIe ObUIN Pasfe/ieHbl Ha [Be IPYIIIbl: KOHTPOIbHAS I )KMBOTHBIE C IIEYeHOYHOI! OCTeOmaTHell, MHAYIIPOBAHHO
IUIUTENbHBIM BBEfIeHVEM 4eThIPeXXIOPUCTOro yriepona (50% pacTBop). VIHTEHCHMBHOCTD IIePEKMCHOTO OKVICTICHNUS NUIINOB OLleHUBAIN B
myppe GeIpeHHOI KOCTI 10 00Ieil OKMCINTENTbHO aKTUBHOCTH, COJIEPXKAHNIO ePBUYHbBIX IIPOJYKTOB IEPEKMCHOTO OKUC/IEHNS TUINIOB
(ruppormepexuceit MUINAOB, AMEHOBBIX KETOKOHDBIOTATOB I KapOOHMIbHBIX poAykToB Tiia 1lnddoBsix ocHOBaHMIT), @ TAKXKE MAJIOHOBOTO
muanbferuna. [mrenbHOe BBeIeHNe YeThIPEXXIOPICTOrO YITIepOofia He BefleT K CTaTHCTUYeCKM 3HaUVMbIM M3MEeHEeHMAM O01Iielt OKCUJaHTHOI
aKTMBHOCTM B KOCTHOJ TKaHU 3KCIEPUMMEHTATbHBIX KMBOTHBIX HE3aBICHMO OT MX Bo3dpacTa. OTMedaeTcA 3HAUNMTENTbHOE YBeTMIeHNe
KO/INYeCTBA [EePBIYHBIX IPOAYKTOB MEPEKMCHOTO OKVCIEHIS TUIUAOB B TMAPOATKOrO/MbHOI (ase y caMiioB Bcex rpymil. CaMblil BBICOKMIT
YPOBEHb OBUI 3apeTMCTPUPOBAH Y CTAPBIX CAMI[OB. Y CaMOK OTMeYaeTCs IIOBBIIIEHNE TONbKO KapOOHMIbHBIX coefuHeHuit. ComepkaHme
MaJIOHOBOTO JIMa/Ibflerufia He M3MEHSIOCh (CO CTaTMCTUYECKON JOCTOBEPHOCTDIO) HU B OfJHOJ 9KCIEPUMEHTA/IbHOI TPYIIIIe, OfHAKO MMEJIO
TEHIEHLINIO K CHIDKEHMIO ¥ CTapbIX KpbIC. TaKMM 00pasoM, AIUTeIbHOE BBefjeHIIe Ye THIPEXX/IOPICTOrO YI/IEPOfia BBISbIBAET 60/Iee MIHTEHCHBHOE
UYIMPOBaHNe IIePEKICHOTO OKUCIICHNA INIIUTOB Y CAMIIOB B TMIPOA/IKOTOMIbHON (hase He3aBUCHMO OT BO3PACTa KMBOTHBIX, 4TO, BO3MOYHO,
00ycIoB/IeHO 60/Iee BHICOKOIT YyBCTBUTEIBHOCTDIO MOIAPHBIX IUINIOB KOCTHON TKaHM K NEPEKMCHOMY BO3JIEIICTBUIO Y€ TBIPEXX/IOPUCTOTO
yrinepona. MUHMManbHOE KOMMYECTBO M HE3HAYUTE/IbHAA BHIPAXKEHHOCTD M3MEHEHMI IEPEKMUCHOTO OKMUC/IEHN IMIUIOB Y CAMOK, BO3MOXKHO,
o6bscHseTcs 607ee 3 PeKTNBHOI 1 MOIIHOM aHTHOKCUAAHTHON CUCTEMOIT X KOCTHOJ TKaH.

KnroueBble cmoBa: KOCTHast TKaHb, II€YE€HOYHAA OCTEOIATNA, IEPEKNCHOE OKNCIEHNE NN 0B.

Introduction The aim of the study was to investigate the intensity of POL

Bone and joint diseases are acute and important prob- in bone in liver osteopathy at different ontogenetic stages.

lems in modern medicine and medico-biological sciences.
WHO declared 2000-2010 The Bone and Joint Decade to
highlight the necessity to continue and enhance research
into normal bone metabolism and its disturbances in differ-
ent diseases in order to develop new efficient diagnostic and
treatment methods [2].

Numerous studies confirm the involvement of oxygen

Materials and Methods

The experiments were performed on 90 white rats of
different age, divided into three groups:
o Ist group - young rats, before the age of reproduction
(2 months),
o IInd group - adult rats, able to reproduce (6 months),

free radicals, lipid peroxidation (POL) and antioxidant system
in the pathogenesis of bone and joint diseases (primary and
secondary osteoporosis, osteoarthritis, rheumatoid arthritis,
etc.) [1, 4]. POL is well studied in blood and different tissues,
but there is no data about POL intensity and POL product
levels in bone and other mineralized tissues, especially in
bone and joint diseases [3].

o IIrd group -old, postmenopausal rats (18 months).
The rats from each group were divided in four sub-
groups: control male rats (1) and control female rats (2) - that
received olive oil, twice a week for 8 weeks; experimental male
rats (3) and experimental female rats (4) with liver osteopathy
— that received 50% carbon tetrachloride solution in olive oil,
twice a week for 8 weeks.
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The rats were terminated 24 hours after the last admin-
istration. At termination, the femurs were carefully removed,
stripped of all soft tissue and the bone marrow washed out.
The femurs were homogenized to bone powder in liquid
nitrogen.

POL intensity was appreciated in femur bone powder
by measuring the quantity of initial POL products - lipid
hydroperoxides (LHP), dienic ketoconjugates (DKC) and
carbonyl compounds Schiff-base type (CC), total oxidant
activity (TOA) and final the POL product - malonic dialde-
hyde (MDA).

The quantity of initial POL products - LHP, DKC and
CC (conventional units/g bone), were determined in hexane
and hydroalcoholic phases by the procedure described by
Livovskaia E.I. et al. (1991).

TOA (%) was appreciated by MDA accumulation in a
modelling system described by Galaktionova L.P. et al. (1998),
that contains Tween-80 as substrate and bone as the initiator
of the reaction.

MDA was determined by the classic tiobarbituric
method (uM/g bone powder) according to the procedure
described by Galaktionova L.P. et al. (1998).

Statistical analysis was carried out using the Stat Direct
(2001) program. Non-parametric tests (U Mann-Whitney)
were used for comparisons due to a skewed distribution of
data. Correlations were tested using Spearman’s correlation.
Results were considered significant at p < 0,05.

The study was approved by the Committee for bio-
medical research ethics at the State University of Medicine
and Pharmacy “N.Testemitanu”.

Results and Discussions

Our data revealed a very high intensity of POL in the
bone of control rats (tab. 1). The quantities of the individual
POL products in animals of all ages were similar in both
phases - LHP were in the highest amount and the CC in the
lowest. The same relationship was revealed in senile rats in
our previous research [5]. The quantity of the POL products
is higher in the hexane phase than in the hydroalcoholic

phase in young and old control rats of both sexes. The most
important differences were determined in old control rats.
Only in adult control rats, the amount of POL products is
significantly higher in the hydroalcoholic phase compared
with the hexane one. This data suggests that in the bone of
young and old intact rats, POL is more intensive in the hy-
drophobic compartment, whereby non-polar lipids are more
sensitive to POL. In comparison, in the bone of the adult rats,
peroxidation of polar fats, extracted in the hydroalcoholic
phase, is more important.

There are no statistical significant differences between
the amounts of POL products in male and female rats from
groups I and II. Levels of all POL products are higher in old
female then in old male rats, except CC in the hydroalcoholic
phase which are 56% lower (p < 0,05).

In young male and female rats, there is a correlation
between the amounts of LHP and DKC, LHP and CC, DKC
and CC in both phases. In young male rats there is uniform
correlation between all the POL products, whereas in females,
the correlations are close, but less significant between DKC
and CC. In adult and old rats, there are fewer correlations
between the POL products. The correlations mentioned above
reveal the chain nature of the lipid peroxidation in the bone
of control rats of both sexes at different ages.

Important quantitative and qualitative changes of POL
occurred in the rats bone after long-term CCl4 administra-
tion (tab. 2). All POL products significantly increased in
the hydroalcoholic phase in the bone of male rats from all
experimental groups. In males from the group I (young rats)
LHP increased by 33%, DKC - by 30 % and CC - by 49%
(p < 0,05, for all cases), in group II DKC increase by 111%
(p < 0,05) and CC by 70% (p < 0,01) and in group III, LHP
increased by 369%, DC - by 215% and CC - by 42% (p < 0,05
for all cases). There was no statistically significant change in
the quantities of POL products in female rats.

Qualitative changes consisted of the modification in the
relationships between the concentrations of POL products
in both phases. In intact animals, the amount of LHP was
higher than DKC and DKC higher than of CC (LHP > DKC

Table 1
Quantities of lipid hydroperoxides (LHP), dienic ketoconjugates (DKC) and carbonyl compounds (CC)
in the bone of control rats of different age
Hexane phase Hydroalcoholic phase
Gr Sex
LHP DKC cC LHP DKC cC

M 43,9+4,7 34,1£3,6 2,9+0,7 33,243,2 17,7+2,0%*** 5,5+0,6*
|

F 48,4+11,0 38,948,2 5,5+0,97# 34,5+2,7 18,7+1,6%* 6,7+0,5

M 3,2+0,7 1,604 0,940,3 48,8+4,6%** 37,2+3,5%%* 2,4+0,6*
Il

F 3,9+0,7 4,0+£1,6 0,8+0,08 49,7+6,8%** 34,9+4,7%** 1,6+0,3*

M 104,5£17,2 80,3+14,8 5,6£1,1 6,0£3,3** 4,8+2,1** 3,2+0,9
1l

F 205,1+25,0# 153,3+18,8## 16,2+1,9## 21,943,2%*%# 15,642, 1%% ## 1,3+£0,4%*

a) Each value represents M+m, conventional units/g bone.

b) Statistical significance between the POL products quantities in hexane and hydroalcoholic phases according to U Mann-Whitney:

*p < 0,05 % p < 0,013 ** p < 0,001; ** p < 0,0001.

c) Statistical significance between the LPO products quantities in male and female rats according to U Mann-Whitney: # p < 0,05;

##p < 0,01.
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Table 2
Quantities of lipid hydroperoxides (LHP), dienic conjugates (DC) and carbonyl compounds (CC)
in the bone of rats with liver osteopathy of different age
Hexane phase Hydroalcoholic phase
Gr. Sex
LHP DC Ccc LHP DC CcC
M 27,3+4,7% 32,1+4,8 2,8+0,6** 44,143,7# 23,1£1,94# 8,2+0,7#
|
F 27,7+4,3 28,8+5,2 2,5+0,6# 33,2+1,4 17,5+0,9 5,8+0,5%***
M 3,6£0,7%*** 2,5£0,8%*** 1,2+0,3 57,9£15,0 78,3£19,8# 4,01, 7#4##
Il
F 3,6+0,7* 2,6£0,9%*** 1,1£0,2 36,6+£9,9 49,5+14,1 2,5+1,4
M 78,9%16,0* 90,3+20,8* 9,5+2,8 28,0+6,6# 15,0+4,8## 4,6+1,1
M
F 140,7£25,8*** 157,0£33,6%** 16,0+3,9%** 9,9+2,7# 8,1+2,9 1,4+0,3

a) Each value represents M+m, conventional units/g bone.

b) Statistical significance between the POL products quantities in hexane and hydroalcoholic phases according to U Mann-Whitney:

*p < 0,05 p < 0,013 ** p < 0,005; **** p < 0,0005.

c) Statistical significance between the POL products quantities in control rats and rats with liver osteopathy according to U Mann-

Whitney: # p < 0,05; ## p < 0,01, ### p < 0,001.

> CC) in all cases. After prolonged administration of CCl4
the relationship changed to DKC > LHP > CC in the hexane
phase in young and old animals and in hydroalcoholic phase
in adult animals regardless of their sex.

The correlations between the POL products also
changed. The most important changes were registered in
female rats. All correlations between POL products disap-
peared in both phases in young females, except the correla-
tion between LHP and DKC in hexane phase (r = 0,86, p <
0,005). In adult females the correlation between LHP and
DKC in hexane phase was conserved and new correlations
appeared between all POL products in both phases. In old
female rats, the correlations between LHP and DKC in hexane
phase and LHP and CC in both phases disappeared. Almost
all correlations were preserved in male rats. Only the cor-
relations between DKC and CC in both phases in young rats
and between LHP and DKC in hydroalcoholic phase in adult
animals disappeared.

CCl4 induced some changes in the relationships between
POL products in different phases. In young rats with liver oste-
opathy the levels of POL products were lower in hexane phase
than in the hydroalcoholic, while in control rats of the same age
the relationships were opposite. In the hexane phase the amount
of LHP were 1,6 times (p < 0,05) and CC - 3 times (p < 0,001)
lower in young males and in young females LHP were 1,2 times
and CC - 2,3 times (p < 0,005) lower. Only DKC contents were
higher in the hexane phase in animals of both sexes, like in control
rats. The phenomena revealed a higher intensity of POL in the
hydroalcoholic phase in young experimental rats versus control
young animals and experimental adult and old rats. Later, POL
intensification was more important in the hexane phase, like in
control rats of the same age.

The quantitative prevalence of POL products was con-
served in the hydroalcoholic phase versus the hexane phase
in adult rats and in hexane phase versus the hydroalcoholic
phase in the old animals. Both in adult male and female rats
the amounts of LHP, DKC and CC in the hydroalcoholic phase

were significantly higher than in the hexane phase. LHP levels
were 14 times (p < 0,0005), DKC 31 times (p < 0,0005) and
CC - 3 times higher in the hydroalcoholic phase than in the
hexane phase in male rats with liver osteopathy, in female rats
—correspondingly, 10 times (p < 0,0005), 14 times (p < 0,0005)
and 3 times higher.

In old male rats with liver osteopathy the amount of
LHP in the hexane phase was 1,8 times higher than in the
hydroalcoholic (p < 0,05), DC - 5 times (p < 0,01) and CC by
106%. In female rats from the same group the differences were
even greater— the quantity of LHP was 14 times, DKC - 20
times and CC - 12 times higher in the hexane phase versus
the hydroalcoholic phase (p < 0,005, for all cases).

There are no sex or age dependent differences of TOA in
control rats. Long-term CCl4 administration did not amplify
the TOA in the bone of rats of different sex and age; therefore,
it did not influence the prooxidant state of bone (fig. 1).

MDA quantity was significantly higher only in old fe-
male control rats versus males from the same group (24%, p
<0,05). There were no sex differences in other groups (fig. 2).
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Fig. 1. Total oxidant activity (TOA, %) in bone of control rats
and with liver osteopathy at different ontogenetic stages.
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Fig. 2. Amount of malonic dialdehyde (MDA) in bone of
control and experimental rats of different ages (uM/g bone).

Age differences were determined between the MDA amounts
in young and adult male rats (56%, p < 0,0001) and between
the MDA amounts in young and old female rats (39%, p <0,05)
of the control group.

There were no significant changes of MDA amount in
bone of the animals with liver osteopathy induced by CCl4
administration, but MDA exhibited a tendency to decrease in
old animals of both sexes. Lack of MDA accumulation after
long-term administration of CCl4 can indicate a disturbance
in the chain of POL with primary accumulation of the initial
products of LPO (LHP, DC and CC) in bone.

Conclusions

1. Lipid peroxidation had a high intensity in bone of
control rats and an obvious chain character, revealed by the
relationships between the lipid peroxidation products - lipid
peroxides were in higher concentration than dienic ketocon-
jugates which in turn were higher than the Schiff-base like
carbonyl compounds, and the correlations between them.

2. Non-polar lipids, extracted in the hexane phase,
were more sensitive to lipid peroxidation in young and old
control rats, while in the adult rats - the polar lipids from the
hydroalcoholic phase were more sensitive.

3. Old rats revealed sex determined differences of
lipid peroxidation intensity which were more pronounced in
females.

4. Liver osteopathy, caused by prolonged administra-
tion of CCl4, induced statistically significant quantitative
changes in LPO in the hydroalcoholic phase in male rats of
all ages.

5. Qualitative changes consisted of modifications in the
relationship between lipid peroxidation products in the same
phase, between different phases and the correlations between
these products.

6. Administration of CCl4 did not change the TOA and
MDA in all investigated groups.
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