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Ce nu este cunoscut, deocamdata, la subiectul abordat

Lipsesc datele ce releva modificarile enzimelor glicolitice,
ale ciclului pentozo-fosfat si ciclului Krebs, precum si efectele
unor compusi biologici activi (CBA) autohtoni asupra meta-
bolismului glucidic in tesutul osos, in osteopatiile induse prin
administrarea diferitor compusi toxici - CCl, si etilenglicol.

Ipoteza de cercetare

Compusii biologici activi autohtoni ar putea exercita o in-
fluenta semnificativa asupra metabolismului glucidic In tesu-
tul osos in osteopatii, fapt ce ar permite elaborarea unor noi
strategii de tratament si preventie a patologiilor respective.

Noutatea adusa literaturii stiintifice din domeniu

Au fost evidentiate mecanismele biochimice ale actiunii
unor CBA autohtoni asupra metabolismului glucidic in tesu-
tul osos in osteopatiile experimentale, fapt ce argumenteaza
utilitatea folosirii lor in preventia si tratamentul acestor pa-
tologii.

Rezumat

Introducere. Actualmente, un interes sporit a trezit uti-
lizarea diferitor compusi bioactivi (CBA) autohtoni, care ar
putea exercita o influenta semnificativa asupra proceselor
metabolice. Dereglarile metabolismului glucidic joaca un rol
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What is not known yet, about the topic

There are lacking data regarding the changes of glycolytic,
pentose-phosphate cycle and the Krebs cycle enzymes in bone
disorders and the effects of local bioactive compounds (BAC)
on bone carbohydrate metabolism in osteopathies induced by
some toxic compounds - CCl, and ethylene glycol.

Research hypothesis

Local active biological compounds could exert a signifi-
cant influence on bone carbohydrate metabolism in osteopa-
thies, which would enable the development of new treatment
and prevention strategies of the bone pathologies.

Article's added novelty on this scientific topic:

The biochemical mechanisms of action of some local bio-
logical active compounds on bone carbohydrate metabolism
in experimental osteopathies have been highlighted in this
article, which argues their usefulness in the prevention and
treatment of these pathologies.

Abstract

Introduction. Nowadays increased interest aroused to-
wards local bioactive compounds (BAC), which could exert
significant influence on metabolic processes. Disorders of
carbohydrate metabolism play an important role in the patho-



important in patogenia multor afectiuni, inclusiv, in maladiile
sistemului osos. Scopul studiului a fost cercetarea influentei
unor compusi bioactivi autohtoni asupra metabolismului glu-
cidic in tesutul osos, in osteopatiile experimentale (OP), ar-
gumentarea utilitatii folosirii lor in preventia si tratamentul
patologiei osoase.

Material si metode. Osteopatia toxicd a fost indusa prin
intoxicarea cu tetraclorura de carbon (CCl,) si etilenglicol (EG)
in doua serii de experiente. Evaluarea indicilor metabolismului
glucidic a inclus determinarea activitatii enzimelor glicolitice
- hexokinazei (HK), lactat dehidrogenazelor lactat- si piruvat-
dependente (LDH-L, LDH-P), ciclului pentozo-fosfatilor (gluco-
z0-6-fosfat dehidrogenazei - G-6-PDH) si ciclului Krebs (malat
dehidrogenazei catabolice NAD-dependente - MDH-NADd). in
studiu au fost cercetati CBA autohtoni - CMD-4, CMD-8, CM]-
23, CM]J-26, CM]J-33 si remedii, obtinute din Spirulina platensis
- BioR si BioR-Ge. Rezultatele obtinute au fost evaluate statis-
tic conform criteriului t-Student, precum si cel nonparametric
,U” Mann-Witney, cu ajutorul programului StatsDirect Statisti-
cal Softwear (StatsDirect Ltd, Marea Britanie).

Rezultate. In OP indusi prin intoxicarea cu CCl4 si EG, s-au
constatat modificari pronuntate ale functionalitatii enzimelor
metabolismului glucidic studiate. in OP CC14-indusé, activita-
tea tuturor enzimelor cercetate s-a redus in tesutul osos si s-a
majorat functionalitatea HK. Medicatia cu CBA a OP induse
cu CC14, a determinat redresarea activitatii HK si, de aseme-
nea, restabilirea sau inducerea functionalitatii LDH, G-6-PDH
si MDH-NADd in tesutul osos. In OP EG-indus3, s-a constatat
o amplificare esentiala a HK si G-6-PDH. BioR a manifestat o
actiune normalizanta asupra functionalitatii HK, iar BioR-Ge,
CMD-4, CMD-8 si CM]-23 au prevenit cresterea sau diminuea-
za substantial activitatea G-6-PDH. Medicatia cu BioR si CMD-
4 a redus semnificativ functionalitatea MDH-NADJ, ceea ce ar
putea afecta asigurarea energetica a celulei.

Concluzii. Rezultatele cercetarii sugereaza ca CBA autoh-
toni ar putea oferi noi terapii unice si remedii eficiente in di-
verse afectiuni ale oaselor.

Cuvinte cheie: osteopatii experimentale, compusi bioac-
tivi, metabolism glucidic, dehidrogenaze, tetraclorura de car-
bon, etilenglicol.

Introducere

Cercetarile din ultimii ani, orientate spre studiul epidemio-
logiei, cauzelor, patogenezei maladiilor sistemului osos, au de-
terminat rolul diferitor modificari ale homeostaziei in evolutia
si pronosticului bolii, au fost elaborate si propuse noi metode
de tratament [1-4].

S-a stabilit ca in tesutul osos procesul glicolitic are o am-
ploare deosebitd, desfasurandu-se mult mai intens decat in fi-
cat [5-8]. Dat fiind faptul ca glicoliza 1n conditii anaerobe este
unicul proces ce asigura cu energie procesele biosintetice in
multe tesuturi, inclusiv, in tesuturile mineralizate, un interes
deosebit prezintd cercetarea enzimelor glicolitice, care reglea-
za viteza glicolizei 1n celulele proliferative si sunt, in deosebi,
importante in procesele proliferarii si diferentierii tisulare.
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genesis of many diseases, including the bone one. The aim of
the study was to investigate the influence of local bioactive
compounds on bone carbohydrate metabolism in experimen-
tal osteopathies (OP), and argumentation of their utility in
prevention and treatment of bone pathology.

Material and methods. Toxic osteopathy was induced in
two series of experimental animals by carbon tetrachloride
(CClL,) and ethylene glycol (EG) intoxication. Assessment of
carbohydrate metabolism markers included the determina-
tion of the activity of glycolysis (hexokinase (HK), lactate-
and pyruvate-dependent lactate dehydrogenases - LDH-L,
LDH-P), of pentose-phosphate cycle (glucose-6-phosphate
dehydrogenase - G-6-PDH) and of the Krebs cycle enzymes
(catabolic NAD-dependent malate dehydrogenase - NADd-
MDH). The local BAC - CMD-4, CMD-8, CMJ-23, CM]J-26 and
CMJ-33, and remedies obtained from Spirulina platensis
- BioR, BioR-Ge, were studied. Statistical analysis was per-
formed using t-Student and “U” Mann-Witney criterias with
statistical StatsDirect Softwear program (StatsDirect Ltd, UK).

Results. Significant changes in the activity of studied car-
bohydrate metabolism enzymes were found in OP induced by
CCl, and ethylene glycol (EG) intoxication. The activity of all
studied enzymes in the bone was decreased, while the HK -
increased in CCl,-induced OP. Local BAC decreased the activi-
ty of HK and restored or induced the activity of LDH, G-6-PDH
and NADd-MDH in the bone of animals with CCl,-induced OP.
Essential amplification of HK and G-6-PDH occured in EG-
induced OP. BioR normalized the activity of HK, while BioR-
Ge, CMD-4, CMD-8 and CM]J-23 substantially diminished the
G-6-PDH activity. Medication with BioR and CMD-4 decreased
conclusively the activity of NADd-MDH.

Conclusions. The findings of the research suggest that
local BAC might provide unique new therapies and effective
remedies for various bone diseases.

Key words: experimental osteopathies, bioactive com-
pounds, carbohydrate metabolism, dehydrogenases, carbon
tetrachloride, ethylene glycol.

Introduction

Recent researches of epidemiology, causes and pathogen-
esis of bone diseases, determined the role of different home-
ostasis changes in the evolution and prognosis of the disease.
New methods of treatment have been developed and pro-
posed [1-4].

It has been established that glycolysis is more intense in
the bone than in the liver [5-8]. Since the glycolysis under
anaerobic conditions is the only process which provides ener-
gy for biosynthetic processes in many tissues, including min-
eralized one, of particular interest is the research of glycolytic
enzymes, which regulates the rate of glycolysis and are par-
ticularly important in the processes of cell proliferation and
tissue differentiation.
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In studiile stiintifice cu referinti la problema in cauzi, lip-
sesc date ce releva modificarile enzimelor glicolitice, ciclului
pentozo-fosfat si ciclului Krebs in osteopatiile induse prin
administrarea diferitor compusi toxici - CCl, si etilenglicol.
Raman departe de a fi solutionate problemele elaborarii me-
todelor eficiente de tratament si de corectie ale dereglarilor
metabolice, caracteristice patologiei osoase [2, 4, 9].

In acest aspect, un interes deosebit il prezinti bazele Schiff
si complexele lor cu unele metale de tranzitie, precum si bio-
remediile, obtinute din cianobacteira Spirulina platensis prin
sinteza dirijata - BioR, BioR-Ge (contine microelementul Ge cu
proprietati terapeutice valoroase). Multiple studii anterioare
au evidentiat efectele terapeutice ale acestora in maladiile di-
feritor organe [10, 11].

Elucidarea aspectelor noi ale activitatii compusilor menti-
onati si ale mecanismelor biochimice de actiune asupra orga-
nismului este actuala si de perspectiva pentru diversificarea
arsenalului de remedii de Tnalta eficientd, necesare corectiei
dereglarilor metabolice in diferite maladii.

Pornind de la aceste premize, scopul studiului a fost de a
cerceta mecanismele de actiune ale unor compusi bioactivi
autohtoni (baze Schiff noi, combinatia lor cu metale 3d), pre-
cum si ale unor substante de origine cianobacterianad asupra
metabolismului glucidic in tesutul osos la modelarea osteo-
patiei experimentale, argumentarea utilitatii folosirii lor in
preventia si tratamentul patologiei osoase.

Material si metode

Cercetarea a fost aprobata de Comitetul de Etica a Cerce-
tarii a USMF ,Nicolae Testemitanu” (aviz din 20 iunie 2011).

In studiu au fost utilizati compusii bioactivi (CBA) autoh-
toni (baze Schiff noi, combinatiile lor cu metale 3d) si remedii,
obtinute din biomasa cianobacteriei Spirulina platensis. Com-
pusii CMD-4, CMD-8, CMJ-23, CMJ-26 si CM]-33 au fost oferiti
de prof. univ, sef Catedra Chimie Anorganica a USM, academi-
cian Aurelian Gulea [12]. Remediile - BioR si BioR-Ge, au fost
oferite de prof. univ,, directorul Institutului de Microbiologie
si Biotehnologie al AS a Moldovei, academician Valeriu Rudic.

Osteopatia (OP) toxicd a fost indusda prin intoxicarea
sobolanilor cu CCl, [13, 14] si etilenglicol, in doud serii de
experiente.

In prima serie de experiente, cercetarea a fost efectuatd
pe un esantion de 45 de sobolani albi, masculi, linia Wistar,
cu masa 180-220 g, divizati In 7 loturi a cate 5-6 animale in
fiecare. Animalele au fost divizate In urmatoarele loturi expe-
rimentale:

(1)martor (6 animale intacte, carora li s-a administrat ulei

de masline, 1,0 ml/kilocorp, bisdptamanal, timp de 8
saptamani);

(2)animale cu OP, indusa prin administrarea solutiei 50%
de CCl4 in ulei de masline, In doza de 1,0 ml/kilocorp,
bisdptamanal, timp de 8 saptamani;

(3)animale cu OP + CMD-4;

(4)animale cu OP + CMD-8;

(5)animalele cu OP + CM]J-23;
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Scientific studies regarding the concerned problem lack
data about the changes of bone glycolysis, pentose-phosphate
cycle and the Krebs cycle enzymes in the osteopathies induced
by different toxic compounds, including CCl, and ethylene gly-
col. Remain far from solving the problem of development of
effective methods of correction of metabolic disorders charac-
teristic for bone pathology [2, 4, 9].

Schiff bases and their complexes with some transition met-
als and bioremedies obtained from cyanobacteira Spirulina
platensis by directed synthesis - BioR and BioR-Ge (contains
microelement Ge with valuable therapeutic properties) are of
special interest in this respect. Multiple previous studies have
shown their therapeutical effects in the diseases of different
organs [10, 11]. Investigations in experimental pathologies
contribute to the understanding of the mechanisms involved
in their pathogenesis and the development of new directions
in diagnosis and treatment of these diseases.

Elucidation of the new aspects of the activity of BAC and
of the biochemical mechanisms of action on the organism is
actual and has future aplication for the diversification of high
efficiency remedies arsenal necessary for correction of meta-
bolic disorders in different diseases.

Starting from these premises aim of the study was to in-
vestigate the mechanisms of action of some local bioactive
compounds (new Schiff bases, their combination with 3d met-
als), as well as of some substances of cyanobacterial origin, on
bone carbohydrate metabolism in experimental osteopathy,
for argumentation of their usefulness in the prevention and
treatment of bone pathology.

Material and methods

The research was approved by the Research Ethics Com-
mittee of the Nicolae Testemitanu State University of Medicine
and Pharmacy (minute of June 20, 2011).

In this study have been used the local bioactive compounds
(BAC) (new Schiff bases, their combinations with 3d metals)
and remedies obtained from cyanobacteria Spirulina platen-
sis biomass. Compounds CMD-4, CMD-8, CM]J-23, CMJ-26 and
CM]-33 have been provided by the univ. prof.,, Head of Depart-
ment of Inorganic Chemistry of State University of Moldova,
academician Gulea Aurelian [12]. Remedies - BioR and BioR-
Ge, have been provided by the univ. prof.,, director of the Micro-
biology and Biotechnology Institute of Academy of Science of
Moldova, academician Valeriu Rudic.

Toxic osteopathy (OP) was induced by CCl, [13, 14] and eth-
ylene glycol in two series of experiments.

In the first series of experiments the research was con-
ducted on a sample of 45 Wistar line male rats with 180-
220 g mass, divided into 7 groups of 5-6 animals in each. The
animals were divided into the following experimental groups:

(1) control (6 intact animals, whom was administered

1.0 ml/kg body weight of olive oil, twice a week for 8
weeks);

(2) animals with OP induced by administration of 50% CCl,

solution in olive oil in a dose of 1.0 ml/kg body weight,
twice a week for 8 weeks;



(6)animale cu OP + CM]J-26;

(7) animale cu OP + CM]J-33.

In aceastd serie de experiente, toate substantele au fost
dizolvate in solutie fiziologica ce continea 1% gelating, apoi,
au fost administrate i.m. timp de 14 zile, doza zilnica constitu-
ind 0,1 mg/kilocorp pentru CMD-4, CMD-8, CM]-23, CM]-26 si
CM]J-33. Animalelor din lotul martor si lotul cu OP, in decursul
la 14 zile, li se injecta i.m. solutie fiziologica, ce continea 1%
gelatina.

In a doua serie de experiente, activitatea biologicd a CBA
autohtoni a fost evaluata pe un lot de 45 de sobolani albi, mas-
culi, linia Wistar, cu masa 160-180 g, divizati In 7 loturi a cate
5-7 animale:

(1)martorul - 6 animale intacte;

(2)animale cu OP, indusa prin administrarea etilenglicolu-

lui in doza de 1 g/kilocorp per os, zilnic, pe parcursul a
30 de zile;

(3)animale cu OP + BioR;

(4)animale cu OP + BioR-Ge;

(5)animale cu OP + CMD-4;

(6)animale cu OP + CMD-8;

(7)animale cu OP + CM]J-23.

Toate substantele au fost diluate in sol. fiziologica, ce
continea 1% gelatina si, apoi, administrate i.m., timp de 14
zile, doza zilnica constituind 0,1 mg/kilocorp. Animalelor din
lotul martor silotul cu OP, in decursul a 14 zile, li se injecta i.m.
solutie fiziologica, ce continea 1% gelatina.

Cercetarea tesuturilor mineralizate prezintd anumite difi-
cultati, de aceea, pregatirea omogenatelor osoase a fost efectu-
ata in felul urmator: oasele femurale au fost extrase, eliberate
de tesuturile adiacente, faramitate In cateva fragmente, dupa
care, maduva osoasa a fost Inldturata prin spalari repetate cu
solutie glaciara de 0,9% de NaCl. in continuare, oasele femura-
le au fost supuse triturdrii in azot lichid, pana la starea de pul-
bere, in piulita de portelan cu pisalog si cantarite pe balanta
de torsiune. in calitate de mediu de dispersare, a fost folosita
solutia de 0,16 mM EDTA, pH 7,4. Astfel, concentratia finala a
omogenatului a constituit 10%. Pentru distrugerea completd a
membranelor celulare, omogenatele osoase, dupa prelucrarea
cu triton X-100 in concentratie finala de 0,1%, au fost supuse
ciclurilor de congelare/dezghetare (repetate de 3 ori).

Determinarea activitatii enzimatice s-a efectuat in super-
natantul obtinut la centrifugarea omogenatului osos la 5000
tur/min, timp de 10 min. Ulterior, supernatantul obtinut a fost
transferat in eprubete Eppendorf si pastrat in stare congelata
la temperatura de -402C.

Evaluarea indicilor metabolismului glucidic a inclus deter-
minarea activitatii enzimelor glicolitice - hexokinazei (HK),
lactatdehidrogenazelor lactat- si piruvat-dependente (LDH-L,
LDH-P), ciclului pentozo-fosfatilor (glucozo-6-fosfat dehidro-
genazei — G-6-PDH) si ciclului Krebs (malat dehidrogenazei
catabolice NAD-dependente - MDH-NADd) prin metode de-
scrise anterior [15, 16].

Toate procedeele de determinare a activitatii enzimelor
si a continutului de substante au fost executate dupa tehnici,
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(3) animals with OP + CMD-4;

(4) animals with OP + CMD-8;

(5) animals with OP + CM]J-23;

(6) animals with OP + CM]J-26;

(7) animals with OP + CM]J-33.

In this series of experiments, the BAC - CMD-4, CMD-8§,
CM]J-23, CMJ-26 and CM]J-33, have been dissolved in 0.89%
saline solution containing 1% gelatin, then have been admin-
istered i.m. in the daily dose of 0.1 mg/kg body weight for 14
days. Animals from the control and OP groups were injected
i/m 0.89% saline solution containing 1% gelatin for 14 days.

In the second series of experiments, the local BAC have been
evaluated on a group of 45 Wistar male rats with 160-180 g
mass, divided into 7 groups of 5-7 animals each:

(1) the control - 6 intact animals;

(2) animals with OP, induced by oral ethylene glycol ad-

ministration in dosage of 1 g/kg body weight, daily, for
30 days;

(3) animals with OP + BioR;

(4) animals with OP + BioR-Ge;

(5) animals with OP + CMD-4;

(6) animals with OP + CMD-8;

(7) animals with OP + CM]J-23.

All substances have been diluted in the 0.9% saline solu-
tion containing 1% gelatin and then administered i.m. for 14
days, the daily dose being 0.1 mg/kg body weight. Animals
form the control and OP groups were injected i.m. 0.9% saline
solution containing 1% gelatin for 14 days.

The research of mineralized tissues presents certain dif-
ficulties, due to the high amount of minerals. Thus the prepa-
ration of bone homogenates was performed in the following
way: the femurs were removed from adjacent tissues, minced
into several fragments and the bone marrow was removed by
repeated washings with glaciated 0.9% NaCl solution. Fur-
ther, femurs were triturated in liquid nitrogen until the pow-
der state in the porcelain mortar with pestle and weighed on
the electronic balance. 0.16 mM EDTA solution, pH 7.4, was
used as dispersing medium till the final concentration of the
homogenate of 10%. For the complete destruction of cell
membranes, bone homogenates, after processing with triton
X-100 with the final concentration of 0.1%, were subjected to
3 freezing/defrosting cycles.

Enzyme activity assay was carried out in the supernatant
obtained after the centrifugation of bone homogenate at 5000
revs/min for 10 min. Subsequently, the obtained supernatant
was transferred to Eppendorf tubes and stored in the frozen
state at temperature -40°C.

Assessment of carbohydrate metabolism included the de-
termination of the activity of glycolytic enzymes - hexokinase
(HK), lactate dehydrogenases lactate- and pyruvate-depend-
ent (LDH-L, LDH-P), of pentose-phosphate cycle (glucose-6-
phosphate dehydrogenase - G-6-PDH) and of the Krebs cycle
(catabolic NAD-dependent malate dehydrogenase - NADd-
MDH) by previously described methods [15, 16].

Enzyme activity and substances content assay have been
executed by techniques adapted to multi-modal hybrid rider
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adaptate la riderul hibrid multi-modal cu microplaci Synergy
H1 (Hydrid Reader, BioTek Instruments, SUA).

Rezultatele obtinute au fost evaluate statistic conform cri-
teriului t-Student, precum si celui nonparametric ,U” Mann-
Witney cu ajutorul programului StatsDirect Statistical Sof-
twear (StatsDirect Ltd, Marea Britanie).

Rezultate

Influenta CBA autohtoni asupra activitatii enzimelor gli-
colitice, ciclului pentozo-fosfatilor si ciclului Krebs in tesutul
osos in OP CCl,-indusa sunt reflectate in datele statistice din
Tabelul 1.

La animalele cu OP CCl,-indusa, se produce o amplificare
pregnanta a HK, ce depdsea cu 85% (p<0,05) valorile marto-
rului.

Administrarea CMD-4 pe fundal de OP CCl,-indusa, influ-
enteaza neimportant gradul de inductie a HK in tesutul osos;
activitatea acestei enzime mentinandu-se la nivelul inregistrat
la animalele cu OP.

in acelasi timp, tratamentul cu CMD-8, CM]-23, CMJ-33 si
CM]J-26 induce o diminuare statistic semnificativa a activitatii
HK, antecedent crescute la animalele cu OP CCl,-indusa, enzi-
ma manifestand tendinta certd de restabilire pana la valorile
animalelor intacte (Tabelul 1).

Din datele prezentate in Tabelul 1, rezulta ca in OP se in-
registreaza o reducere veridica a LDH-L cu 44% (p<0,05) si o
diminuare statistic nerelevanta a LDH-P cu 19%.

Astfel, se atesta o crestere veridica, cu 72%-85% (p<0,05),
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with microplates Synergy H1 (Hydrid Reader, BioTek Instru-
ments, USA).

Statistical analysis was performed using t-Student and “U”
Mann-Witney criterias with Statistical StatsDirect Softwear
program (StatsDirect Ltd, UK).

Results

Influence of local BAC on the activity of glycolysis, pentose-
phosphate cycle and the Krebs cycle enzymes in the bone in
CCl,-induced OP are reflected in the statistical data of Table 1.

Significant amplification of HK activity, which exceeded
by 85% (p<0.05) the control values, was identified in animals
with CCl,-induced OP. Administration of CMD-4 did not signifi-
cant influence the degree of induction of bone HK, the activity
of this enzyme being maintained at the level registered in ani-
mals with CCl,-induced OP.

At the same time, treatment with CMD-8, CM]-23, CM]J-33
and CM]J-26 induced statistically conclusive decrease of the
antecedent increased HK activity in animals with CCl,-induced
OP, enzyme activity manifesting a clear trend of restoring to
the values of intact animals (Table 1).

Data presented in the Table 1 shows that there has been
a definite reduction of LDH-L by 44% (p<0.05) and a statisti-
cally irrelevant decrease of LDH-P by 19% in CCl,-induced OP.
Administration of CMD-4 and CMD-8 determined a increase
by 72%-85% (p<0.05) of LDH-L activity in animals with CCI,-
induced OP, which practically was not different from the va-
lues registered in reference animals. Medication with CM]J-26,

Tabelul 1. Influenta CBA autohtoni asupra activitatii enzimelor glicolitice, ciclului pentozo-fosfatilor si ciclului Krebs

in tesutul osos In OP CCl,-indusa.

Table 1. Influence of local BAC on the activity of glycolytic enzymes, pentozo-phosphate cycle and the Krebs cycle

in the bone tissue in CCI4-induced OP

Grupurile de studiu / HK, LDH-L, LDH-P, G-6-PDH, MDH-NADd,
Study groups pkat/g.prot mkat/g.prot pkat/g.prot nkat/g.prot pkat/g.prot
Martor / 43,2+11,8 26,5+0,9 7,06+0,4 210,5+39,7 1,5+0,1
Control (100%) (100%) (100%) (100%) (100%)
Ccl, 79,8+6,4* 14,8+2,2° 5,7+0,8 114,4+13,4° 1,0+0,1°
(185%) (56%) (81%) (54%) (66%)
CCl, + CMD-4 71,7+3,6* 25,4+3,1% 7,23%0,6 172,4+51,3 1,5+0,1#
(166%) (96%) (102%) (82%) (100%)
CCl,+ CMD-8 57,0+5,3% 27,4+3,3% 8,2+0,4 181,7+41,4 1,4+0,1
(132%) (103%) (116%) (86%) (93%)
CCl, + CMJ-23 51,9+6,0% 33,8+2,4*## 8,1+0,2 85,7+10,1 1,5%0,1
(120%) (127%) (115%) (41%) (100%)
CCl, + CMJ-33 48,6+2,4% 32,2+3,0% 7,5+0,3 214,9+52,5 1,6+0,1%
(113%) (121%) (106%) (102%) (101%)
CCl, + CMJ-26 48,9+2,4%% 31,5+3,0%% 7,6%0,30 163,7+48,5 1,5+0,1*
(113%) (119%) (108%) (78%) (100%)

Notd: *~ diferentd statistic semnificativd cu lotul-martor (*- p<0,05; **~p<0,01); #~ diferenta statistic semnificativa cu lotul CCl, (*- p<0,05; #*#- p<0,01).

Note: *~ statistically significant difference with the control group (*~ p<0.05; **~ p<0.01); *~ statistically significant difference compared to CCI, group

(-~ p<0.05; #*— p<0.01).



a activitatii LDH-L la animalele cu OP dupa administrarea
compusilor CMD-4 si CMD-8, care, practic, nu se deosebea de
valorile inregistrate la animalele de referintd. Medicatia cu
compusii CMJ-26, CM]J-23 si CM]J-33 conduce nu numai la re-
stabilirea functionalitdtii enzimei, dar si la o sporire veridica,
cu 112%-118% (p<0,01) a activitatii LDH-L, in raport cu valo-
rile animalelor cu OP.

S-a stabilit cd in OP CCl,-indus3, activitatea G-6-PDH sca-
de relevant cu 46% (p<0,05), in raport cu valorile animalelor
intacte.

in lotul de animale cu OP, sub influenta compusilor CMD-4,
CMD-8, si CM]-33, activitatea enzimei, practic, se restabiles-
te pana la valorile animalelor intacte. Totodata, medicatia cu
CM]J-23 si CM]J-26 influenteaza slab functionalitatea G-6-PDH,
modificarile depistate fiind statistic neconcludente (p>0,05).

Rezultatele cercetdrilor demonstreaza ca in OP CCl,-in-
dusa3, are loc o suprimare marcata a activitatii MDH-NADd cu
349% (p<0,05), in comparatie cu valorile specifice pentru ani-
malele intacte. Administrarea CBA testati conduce la redresa-
rea functionalitatii MDH-NADJ, practic, pana la indicii anima-
lelor intacte.

Influenta medicatiei cu CBA asupra metabolismului glu-
cidic In tesutul osos la modelarea osteopatiei indusa de intoxi-
catia cu etilenglicol (EG) este reflectata in datele statistice din
Tabelul 2.

Din datele expuse in tabel, constatam cda modificarile
activitatii LDH-L si LDH-P atat in lotul cu OP, cat si cele supuse
medicatiei cu CBA testati, s-au dovedit a fi fara relevanta sta-
tistica.

Metabolismul glucidic in osteopatii

CM]J-23 and CM]-33 led not only to the restoring of enzyme
activity, but also to a significant increase by 112%-118%
(p<0.01) of LDH-L activity compared to the values specific for
animals with OP.

It has been found that G-6-PDH activity was relevant de-
creased by 46% (p<0.05) in the CCl,-induced OP compared
with the values of intact animals. CMD-4, CMD-8, and CM]J-33
restored the enzyme activity practically to the levels of intact
animals in the group of animals with OP. At the same time,
medication with CMJ-23 and CM]-26 did not influence signifi-
cant the G-6-PDH activity, detected changes being statistically
inconclusive (p>0.05).

The research results demonstrated that the MDH-NADd
activity had been significantly suppressed by 34% (p<0.05) in
CCl,-induced OP compared to specific values of intact animals.
Administration of the tested BAC led to the restoration of the
MDH NADd functionality practically to the indices of the intact
animals.

The influence of medication with BAC on bone carbohy-
drate metabolism in osteopathy induced by the intoxication
with ethylene glycol (EG) is reflected in the statistical data in
Table 2.

Data presented in the Table 2 reveal that the changes of
LDH-L and LDH-P activities both in the OP group and in that
treated with the tested BAC were statistically irrelevant.

In animals with ethylene glycol induced OP occured an es-
sential amplification of hexokinase activity that exceeded by
67% (p<0.05) the control values.

Tabelul 2. Influenta CBA autohtoni asupra activitdtii enzimelor glicolitice, ciclului Krebs si pentozo-fosfat in tesutul osos

in OP indusa cu etilenglicol.

Table 2. Influence of the local BAC on the glycolytic enzymes, Krebs cycle and pentose-phosphate pathway activity in the

bone tissue in ethylene glycol induced OP,

Grupuri de studiu / HK, LDH-L, LDH-P, G-6-PDH, MDH-NADd,
Study groups ukat/g.prot mkat/g.prot pkat/g.prot nkat/g.prot pkat/g.prot
Martor / 28,1+2,0 9,3+1,11 3,2%0,3 153,0£14,9 0,8+0,1
Control (100%) (100%) (100%) (100%) (100%)

EG 46,8+5,5% 10,6+1,0 3,4+0,30 268,4+69,5* 0,8+0,1
(167%) (114%) (106%) (175%) (101%)

. 33,2+6,4 8,0+0,4 2,4+0,1 304,5+38,6%* 0,540,024

EG + BioR
(118%) (87%) (74%) (199%) (67%)

EG + BioR-Ge 38,3+3,9 9,5+2,1 3,1+0,7 116,0+47,3 0,8+0,10
(136%) (102%) (95%) (76%) (100%)
39,0+5,4 7,4+1,2 2,3+0,3 80,6+ 13,5 0,4+0,04*

EG + CMD-4
(139%) (80%) (70%) (53%) (69%)
49,5+6,7* 7,5+1,3 2,5+0,5 135,0+43,9* 0,7+0,1

EG + CMD-8
(176%) (81%) (78%) (88%) (88%)
43,245,6* 10,2+0,7 3,3%0,3 194,8+29,6 0,9+0,1

EG + CM]J-23
(156%) (110%) (102%) (127%) (109%)

Nota: *- diferenta statistic semnificativa cu lotul-martor (*- p<0,05; **~ p<0,01); #- diferenta statistic semnificativa cu lotul etilenglicol (*- p<0,05; ##- p<0,01).
Note: *— statistically significant difference with the control group (*— p<0.05; **— p<0.01); #— statistically significant difference compared to etilenglicol group

(*-~ p<0.05; #*— p<0.01).
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La animalele cu OP etilenglicol-indusa, se produce o am-
plificare esentiala a hexokinazei, ce depasea cu 67% (p<0,05)
valorile martorului.

CBA autohtoni diminueaza moderat si nesemnificativ sta-
tistic activitatea HK, antecedent crescuta sub influenta into-
xicatiei cu etilenglicol. Doar remediul BioR influenteaza mai
potent procesele de redresare a HK, functia careia s-a redus
cu 30%, comparativ cu valorile depistate la animalele netrata-
te si care se deosebea putin de valorile de referinta. Totodata,
remediul BioR-Ge si compusul CMD-4 doar tind sa reduca ac-
tivitatea HK la animalele cu OP toxic3, care s-a mentinut spo-
ritd cu 36-39% peste valorile lotului martor. In acelasi timp,
compusii CMD-8 si CMJ-23 mentin crescutd activitatea HK la
animalele cu OP, aceasta depasind cu 76%, si, respectiv, 56%
valorile martorului (p<0,05 in ambele cazuri).

Intoxicatia cu etilenglicol produce o amplificare pregnants,
cu 75% (p<0,05), a activitatii G-6-PDH in tesutul osos fata de
parametrii de referintd. Medicatia cu biopreparatul BioR asi-
gura un spor notabil al activitatii enzimei, aceasta dublandu-si
forta catalitica; CMJ-23 si CMD-8 reduc activitatea enzimei an-
tecedent crescutd pana la valorile specifice lotului martor, iar
BioR-Ge si CMD-4 inhiba hiperactivitatea G-6-PDH cu 57% si
70% (p<0,05), In raport cu animalele cu OP.

Activitatea MDH-NAD dependente nu se modifica in OP
etilenglicol-indusa. Medicatia cu CMD-4 si BioR descreste con-
cludent functionalitatea MDH-NAD dependente in OP etilen-
glicol-indusa cu 31-33% (p<0,05), comparativ cu indicii lotu-
lui martor.

Discutii

Sporirea activitatii HK cu 85% in OP CCl,-indusa si cu 67%
in OP indusa cu etilenglicol, reflectd accelerarea proceselor fo-
sforilarii monozaharidelor in tesutul osos, care, ulterior, pot fi
metabolizate in glicoliza sau ciclul pentozo-fosfat.

Activitatea HK la administrarea CMD-4, pe fundal de OP
CCl,-indusa, precum si la administrarea CMD-8 si CM]-23 in
OP indusa cu etilenglicol, s-a mentinut la nivelul inregistrat la
animalele cu patologia netratata, fapt ce indica la proprietatea
acestor compusi de a mentine la nivel sporit procesele fosfori-
larii monozaharidelor in tesutul osos.

Cresterea activitatii HK in OP, stabilite In cercetarile noastre
constituie, probabil, reactia de adaptare, ce urmeaza sa intensi-
fice aportul de energie si, astfel, sa accelereze procesele repara-
torii. Nu excludem, insa, faptul, ca hiperfunctia HK rezulta din
actiunea activatorilor sau suspendarea actiunii inhibitorilor
enzimei, sau prin transformarea reciproca a diverselor varian-
te conformationale ale enzimei mentionate [6, 11, 17].

Daca HK este initiatoarea proceselor metabolizarii glu-
cidelor, atunci LDH-P este izoforma enzimei care catalizeaza
conversia piruvatului in lactat - reactia finala a scindarii an-
aerobe a glucozei, iar izoforma lactatdehidrogenazei LDH-L
- catalizeaza conversia lactatului in piruvat, acesta din urma
incluzandu-se 1n glicoliza aeroba. Diminuarea activitatii LDH-
L releva scaderea intensitatii glicolizei aerobe.

Rezultatele studiului efectuat releva proprietatea compu-
silor testati de a Inlatura supresia lactatdehidrogenazelor, cu
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Local BAC decreased moderately and statistically insignifi-
cant the antecedent increased by the ethylene glycol poisoning
activity of HK. Only BioR more potent affected the recovery of
HK, which function was reduced by 30% compared to the de-
tected in untreated animals and that was close to the reference
values. At the same time, BioR-Ge and CMD-4 induced only a
trend of HK activity reduction in animals with toxic OP, which
was remained increased by 36-39% over the control group
values. CMD-8 and CM]J-23 maintained elevated the activity of
HK in animals with OP, which exceeded by 76%, and, respec-
tively, 56% the control values (p<0.05 in both cases).

Ethylene glycol intoxication produced significant amplifi-
cation by 75% (p<0.05) of G-6-PDH activity in the bone com-
pared to the reference level. Medication with BioR induced the
twice increase of enzyme activity, CMJ-23 and CMD-8 reduced
antecedent increased enzyme activity till the values specific
for the control group, while BioR-Ge and CMD-4 diminished
the activity of G-6-PDH by 57% and 70% (p<0.05) compared
to animals with OP.

Activity of MDH NAD-dependent did not change in ethyl-
ene glycol induced OP. Medication with CMD-4 and BioR con-
clusively decreased the NAD-dependent MDH in ethylene gly-
col induced OP by 31-33% (p<0.05) compared to the control
group levels.

Discussion

The increase of HK activity by 85% in CCl,-induced OP and
by 67% in ethylene glycol induced OP reflects the accelera-
tion of the monosaccharides phosphorylation processes in the
bone, which can subsequently be metabolized in the glycolysis
or pentose-phosphate cycle.

The activity of HK at the administration of CMD-4 in CCl,-
induced OP and at the administration of CMD-8 and CMJ-23
in OP induced by ethylene glycol, was maintained at the level
registered in animals with the untreated pathology, indicating
the property of these compounds to maintain at high level the
processes of the monosaccharide phosphorylation in the bone.

Increased activity of HK in OP established in our research
is, probably, an adaptation reaction, which is ment to increase
the energy production and thus to accelerate reparative proc-
esses. We do not exclude that HK hyperfunction results from
the activators action or cancelation of the enzyme inhibitors
action, or by the mutual transformation of different conforma-
tional variants of the mentioned enzyme [6, 11, 17].

If HK is the initiator of carbohydrate metabolism proc-
esses, then LDH-P is the enzyme isoform which catalyzes the
conversion of pyruvate to lactate - final reaction of anaerobic
oxidation of glucose, but the LDH-L isoform of lactate dehy-
drogenase - catalyzes the conversion of lactate into pyruvate,
the latter being included into aerobic glycolysis. The decrease
of LDH-L activity revealed the decreases intensity of the aero-
bic glycolysis.

The study results reveal the property of the tested com-
pounds to remove the lactate dehydrogenases suppression,
especially of LDH-L isoform, responsible for the conversion
of lactate to pyruvate with its subsequent oxydation by the



precadere a LDH-L, responsabild de conversia lactatului in
piruvat cu includerea lui ulterioara in glicoliza aeroba. Astfel,
CBA cercetati au proprietatea de a ameliora glicoliza aeroba.

De remarcat ca administrarea CBA in OP determina si
restabilirea LDH-P pana la valorile nivelului de referinta a
enzimoactivitatii, insa modificarile fiind fara relevanta statis-
tica.

Modificarile relevate la administrarea compusilor cercetati
trebuie calificate ca fiind un complex de mecanisme compen-
satoare, care intretin la nivel suficient intensitatea metabolis-
mului glucidic si schimbul energetic in tesutul osos la anima-
lele cu OP experimentala.

Cresterea activitatii LDH-L sub influenta CBA testati, re-
flecta accelerarea proceselor de oxido-reducere si intensifica-
rea regenerarii reparative, prin compensarea carentei energe-
tice celulare instalate in OP CCl -indusa.

Acest proces este o parte a mecanismului adaptiv-compen-
sator al mentinerii homeostaziei celulare si a fost remarcat ca
unul specific intensificarii proceselor regenerative osoase [8,
9,11, 17]. in aceste mecanisme, un rol important i se atribu-
ie, conform ultimelor date, factorului de inducere a hipoxiei
la (HIF1a), care stimuleaza glicoliza anaeroba prin inducerea
activitatii mai multor enzime-cheie, cum ar fi piruvat dehidro-
genaza kinaza 1 (PDK1), lactat dehidrogenaza A (LDHA), he-
xokinaza (HK) si cresterea semnificativa a nivelului de lactat
[18-21], iar suprimarea glicolizei blocheaza formarea osoasa
indusa de HIFla in vivo.

HIF-1a este unul dintre cei mai importanti factori de regla-
re a reactiilor de hipoxie, jucand un rol important in modela-
rea si remodelarea oaselor si homeostazia tesutului osos. Ex-
cesul HIF-1a in osteoblastele mature prin deletia conditionata
a genei von Hippel-Lindau (VHL) creste puternic angiogeneza
si osteogeneza. Astfel, soarecii VHL cu carenta de osteoblaste,
au un nivel ridicat de HIF-1a si de crestere a masei si densitatii
osoase [22].

Scaderea relevanta a activitatii G-6-PDH in OP CCl,-indu-
sa, stabilita in cercetdrile noastre, ar putea conduce la inhiba-
rea sau la blocarea uneia dintre cdile metabolice importante
de utilizare a glucozei - ciclul pentozo-fosfatilor, diminuand
resursele energetice necesare pentru mentinerea proceselor
anabolice ale celulei. Una din sursele de NADPH+H* in orga-
nism este ciclul pentozo-fosfatilor. NADPH+H?", ce detine func-
tii anabolice, se include in sinteza diversilor biopolimeri si
substante biologic active (acizi grasi, colesterol, aminoacizi,
fosfolipide etc.), elemente importante pentru proliferarea si
diferentierea osteoblastelor care, la randul lor vor promova
formarea osoasa [23].

Proprietatea CBA autohtoni de a reduce supresia G-6-PDH
si chiar de a restabili sau stimula activitatea enzimei la trata-
rea animalelor cu OP CCl,-indusa poate fi apreciata ca un efect
osteoregenerator, fenomen mai exprimat la administrarea
CMD-4, CMD-8, CMJ-26 si CM]-33.

Aceasta afirmatie este sustinuta de studiile unor autori,
care au stabilit ca Incarcarea mecanica ciclica in vivo, care duce
la formarea de os nou, este asociata in osteocite si celulele
osoase de suprafata cu cresteri aproape imediate ale activitatii
G-6-PDH si cresteri ulterioare ale productiei ARN-ului. Ambele
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aerobic pathway. Thus investigated BAC have the property to
improve aerobic glycolysis.

The administration of BAC in OP determines the LDH-P
recovery to the reference values of enzyme activity, but the
changes are not statistic relevant.

The revealed changes after administration of the investi-
gated compounds have to be qualified as a complex of com-
pensating mechanisms that keep at the sufficient level inten-
sity of carbohydrate metabolism and energy production in the
bone of animals with experimental OP.

Increased activity of LDH-L under the influence of the test-
ed BAC reflects acceleration of oxido-reductive processes and
intensification of reparative regeneration, by compensating
cellular energy deficiency installed in CCl,-induced OP.

This process is a part of the adaptive-compensatory mech-
anism of cellular homeostasis mainenance and was noted as
specific for intense bone regeneration [8, 9, 11, 17]. In these
mechanisms an important role is assigned, according to the
latest data, to the hypoxia-inducible factor 1a (HIF-1a), which
stimulates anaerobic glycolysis by inducing the activity of sev-
eral key-enzymes, such as pyruvate dehydrogenase kinase 1
(PDK1), lactate dehydrogenase A (LDHA), hexokinase (HK)
and increases significant the lactate level [18-21], while in-
hibition of glycolysis is blocking bone formation induced by
HIF1a in vivo.

HIF-1a is one of the master regulators of hypoxia reactions,
playing an important role in bone remodeling, and homeos-
tasis. And overexpression of HIF-1la in mature osteoblasts
through conditional deletion of the von Hippel-Lindau (VHL)
gene increases significant angiogenesis and osteogenesis.
Studies showed that mice with osteoblasts lacking VHL had a
high level of HIF-1a and increased bone mass and density [22].

Relevant decreased activity of G-6-PDH in CCl,-induced
OP established in our research, could lead to the inhibition
or blockage of one of the important glucose metabolic path-
ways - pentose-phosphate cycle, reducing the resources re-
quired to maintain anabolic processes of the cell.

One of the sources of NADPH+H* in the body is pentose-
phosphate cycle. NADPH+H" is required for the synthesis of
various biopolymers and biologically active compounds (fatty
acids, cholesterol, amino acids, phospholipids etc.), that are
important for the proliferation and differentiation of osteob-
lasts which in turn, will promote bone formation [23].

Property oflocal BAC to reduce the suppression of G-6-PDH
and even to restore or stimulate the activity of the enzyme in
animals with CCl,-induced OP can be appreciated as an oste-
oregenerating effect, the phenomenon being more expressed
after administration of CMD-4, CMD-8, CM]-26 and CM]-33.

This conclusion is supported by some studies which have
established that cyclic mechanical loading in vivo, that leads to
new bone formation, is associated in osteocytes and surface
bone cells with almost immediate G-6-PDH activity increase,
and later RNA production increase. Both these early loading-
related responses can be reproduced in organ culture of adult
cancellous bone. Exogenous PGI, stimulated both G-6-PDH
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raspunsuri timpurii, legate de incarcare, pot fi reproduse in
cultura de organ al osului adultului. PGI, exogena stimuleaza
atat activitatea G-6-PDH cat si Incorporarea [3H]-uridinei, in
osteocite si in celulele de suprafatd. Prostaciclina, dar nu si
PGEZ, pare sad imite cresteri timpurii, asociate cu incarcarea
activitatii G-6-PDH si sinteza ARN-ului in situ, in celulele
osoase [24].

Intoxicatia cu etilenglicol produce o amplificare pregnants,
cu 75% (p<0,05), a activitatii G-6-PDH, aceasta servind, pro-
babil, un mecanism adaptiv-compensatoriu de mentinere a
homeostaziei osoase, asigurand cu substrat plastic (NADPH)
tesutul osos, afectat de etilenglicol.

Malat dehidrogenaza (MDH) este enzima principala a ci-
clului Krebs, care catalizeaza conversia oxaloacetatului si ma-
latului, folosind sistemul coenzimei NAD/NADH. Este o enzi-
ma alosterica, avand in calitate de efectori metaboliti, cum ar
fi malatul, oxaloacetatul si citratul.

Suprimarea marcatd a activitatii MDH-NADd in OP CCl,-
indusa se poate explica, probabil, prin diminuarea cantitatii
substratelor reactiei, catalizate de aceasta enzima si reduce-
rea intensitatii ciclului Krebs, ca parte componenta a glicolizei
aerobe, ceea ce este o dovada a dereglarii indestularii energe-
tice a tesutului osos, intoxicat cu CCl "

Administrarea compusilor cercetati duce la restabilirea
nivelului functional al MDH-NADd pana la valorile animalelor
intacte, ceea ce ar putea contribui la indestularea necesitatilor
energetice sporite, prin accelerarea reactiilor ciclului Krebs si
mentinerea constantd a raportului dintre formele oxidate si
reduse ale NAD-ului [8, 17].

Astfel, CBA autohtoni manifesta o actiune particulara asu-
pra nivelului activitatii enzimelor cercetate in tesutul osos.
Modificarile relevate pot fi apreciate ca manifestari ale pro-
ceselor de adaptare pentru mentinerea homeostazei celulare
optime. Actiunea selectiva a preparatelor studiate asupra en-
zimelor tisulare depinde, probabil, de gradul de angajare a lor
la diferite etape ale procesului patologic.

Reprogramarea metabolicd, indusa de CBA studiati, poate
modifica nivelurile de metaboliti cheie (cum ar fi NADPH, ace-
til-CoA, a-cetoglutarat), necesari pentru modificarile epigene-
tice, fapt mentionat In mai multe cercetari experimentale [21,
25, 26]. Sunt necesare studii detaliate pentru a explora meca-
nismele moleculare la nivel de transductie a semnalelor HIFq,
WNT, mecanisme bine-cunoscute de inducere a glicolizei ae-
robe si de stimulare a anabolismului osos [27]. Dupa cum se
cunoaste, cresterea glicolizei aerobe reprezenta un mecanism
general implicat in diferentierea osteoblastelor ca raspuns la
diversi stimuli fiziologici. O mai buna Intelegere a mecanisme-
lor reglarii metabolice poate deschide cai pentru dezvoltarea
unor noi clase de medicamente anabolice osoase [19, 27].

Concluzii

1) Osteopatia experimentald (OP) indusa prin intoxicatia cu
CCl, provoaca modificari pronuntate ale metabolismulu
glucidic, care se manifesta prin amplificarea pregnanta a
activitatii hexokinazei (HK) si reducerea sermnificativa a
functionalitatii lactat dehidrogenazei-lactat-dependente
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activity and [3H]-uridine incorporation equally in osteocytes
and surface cells. Prostacyclin, but not PGE,, appears to imi-
tate the early loading-related increase in G-6-PDH activity and
RNA synthesis in bone cells in situ [24].

Ethylene glycol intoxication produced an obvious rise
of the G-6-PDH activity by 75% (p<0.05), which probably
is an element of the adaptive-compensatory mechanism of
bone homeostasis maintainance, ensuring plastic substrate
(NADPH) supply for bone damaged by ethylene glycol.

Marked suppression of NADd-MDH activity in CCl,-in-
duced OP is explained, probably, by the reduction of the reac-
tion substrates quantity and of the intensity of the Krebs cycle
reactions, as part of aerobic glycolysis, which is a proof of the
energy supply disturbance of the bone in CCl, intoxication.

Administration of the investigated compounds led to the
restoration of the MDH-NAD-dependent functional level up
to the values of intact animals, which could contribute to the
coverage of the increased energy requirements, by speeding-
up the reactions of the Krebs cycle and the maintaining con-
stant of the ratio between oxidized and reduced forms of NAD
[8,17].

Thus, the local BAC exhibit a particular action on the lev-
el of the investigated enzyme activity in the bone. Revealed
changes can be appreciated as manifestations of adaptation
processes of maintainance of the optimal cellular homeosta-
sis. The selective action of the studied compounds on the tis-
sue enzymes depends, probably, on their engagement degree
at the different stages of the pathological process.

Metabolic reprogramming induced by the studied BAC
can modify the levels of the key metabolites (such as NADPH,
acetyl-CoA, a-ketoglutarate) required for epigenetic changes,
fact mentioned in many experimental studies [21, 25, 26]. Are
necessary further detailed studies of the molecular mecha-
nisms at the level of transduction of HIFa, WNT signals, well-
known mechanisms aerobic glycolysis induction and bone
anabolism stimulation [27]. As it is known, increased aerobic
glycolysis represents a general mechanism involved in osteob-
last differentiation in response to various physiological stim-
uli. A better understanding of the mechanisms of metabolic
regulation may open ways for the development of new classes
of bone anabolic drugs [19, 27].

Conclusions

1) Experimental osteopathy (OP) induced by intoxication
with CCl, caused pronounced changes in carbohydrate
metabolism, manifested by the significant increase of
hexokinase (HK) activity and substantial reduction of
lactate-dependent lactate dehydrogenase (LDH-L), glu-
cose-6-phosphate dehydrogenase (G-6-PDH) and malate
dehydrogenase NAD-dependent (MDH-NADA) activities.

2) Treatment with the local bioactive compounds (BAC) -
CMD-4, CMD-8, CM]J-23, CMJ-33 and CM]-26, proved to be
effective due to their properties to maintain at increased
values the activity of bone HK and to restore or induce
LDH and MDH-NADd functional capacity.



(LDH-L), glucozo-6-fosfat dehidrogenazei (G-6-PDH) si
malat dehidrogenazei-NAD dependente (MDH-NADA).

2) Medicatia cu compusii bioactivi (CBA) autohtoni - CMD-
4, CMD-8, CM]J-23, CM]-33 si CMJ-26 s-a dovedit a fi efici-
entd, datorita calitatilor lor de a mentine la valori sporite
activitatea HK osoase si, de asemenea, de a restabili sau
induce functionalitatea LDH si MDH-NADd.

3) Studiile efectuate releva ca in OP CCl,-induss, toti compu-
sii testati, exceptand CM]J-23, fortificd esential activitatea
G-6-PDH osoase, valorile acestui indice revenind 1n limi-
tele normei.

4) In OP indusa prin intoxicatia cu etilenglicol (EG), are loc
o amplificare esentiala a HK si G-6-PDH, iar CBA testati
impiedica, intr-o masura discretd, hiperactivitatea aces-
tor enzime. Doar BioR manifesta actiune normalizanta
asupra functionalitatii HK, iar BioR-Ge, CMD-4, CMD-8 si
CM]J-23 previn sau diminueaza substantial cresterea ac-
tivitatii G-6-PDH 1n OP indusa cu EG. Medicatia cu BioR
si CMD-4 descreste concludent functionalitatea MDH-
NADd, ceea ce ar putea afecta indestularea necesitatilor
energetice ale celulei.

5) Rezultatele studiilor intreprinse permit evidentierea unor
mecanisme moleculare implicate in raspunsul la trata-
mentul cu CBA autohtoni, fapt ce deschide posibilitati re-
ale de elaborare a unor noi strategii terapeutice eficiente.

Abrevieri si notatii conventionale

CBA - compusii bioactivi;

CCl, - tetraclorura de carbon;

EDTA - acid etilendiamintetraacetic;

EG - etilenglicol;

G-6-PDH - glucozo-6-fosfat dehidrogenaza;

HIF-1a - factorul inducibil al hipoxiei 1a;

HK - hexokinase;

LDHA - lactat dehidrogenaza A;

LDH-L - lactatdehidrogenaza-lactat-dependents;

LDH-P - lactatdehidrogenaza-piruvat-
dependents;

MDH-NADd - malat dehidrogenaza-NAD dependents;

NAD* - nicotinamid adenin dinucleotid fosfat
oxidat;

NADPH+H - nicotinamid adenin dinucleotid fosfat
redus;

op* - osteopatia toxica;

PDK1 - kinaza piruvat dehidrogenazei 1.
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3) Conducted studies revealed that in CC14-induced OP, all
tested compounds, except CMJ-23, essentially amplified
the activity of bone G-6-PDH, which values returned to
the reference one.

4) In OP induced by ethylene glycol (EG) intoxication there
was identified an essential amplification of HK and G-
6-PDH, and the tested BAC prevented the hyperactiv-
ity of these enzymes. Only BioR exhibit an action of HK
activity normalization, but BioR-Ge, CMD-4, CMD-8 and
CM]J-23 prevent or substantially decrease the previously
increased activity of G-6-PDH in OP induced by EG. Medi-
cation with BioR and CMD-4 conclusively decreased the
MDH-NADA activity, which could affect the cell energy
needs supply.

5) Results of conducted studies allow to highlight the mo-
lecular mechanisms involved in the response to the OP
treatment with local BAC, which open real possibilities
for developing of new effective therapeutic strategies.

Abbreviations and conventional notations

BAC - bioactive compounds;

CCl4 - carbon tetrachloride;

EDTA - ethylenediaminetetraacetic acid;

EG - ethylene glycol;

G-6-PDH - glucose-6-phosphate dehydrogenase;

HIF-1a - hypoxia-inducible factor 1a;

HK - hexokinase;

LDHA - lactate dehydrogenase A;

LDH-L - lactate-dependent lactate dehydrogenase;

LDH-P - pyruvate-dependent lactate dehydroge-
nase;

MDH-NADd - malate dehydrogenase NAD-dependent;

NAD* - oxidized nicotinamide adenine dinucleo-
tide phosphate;

NADPH+H* -reduced nicotinamide adenine dinucleotide
phosphate;

opP - toxic osteopathy;

PDK1 - pyruvate dehydrogenase kinase 1.
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