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IMPACT OF SUCCINATE DERIVATIVES ON OXIDANT/
ANTIOXIDANT BALANCE SYSTEM IN THE RAT PANCREAS
AND LIVER

Topicality. The succinate derivatives are widely used as a basis for the metabolite type drugs development which
possess various pharmacological effects. The start of drugs production and their medical use depends directly on their
safety for health. The xenobiotic safety assessment involves the identification of such changes that may be associated
with mechanisms of adaptation or damage in organs and systems of the organism.

Aim. To determine the nature of succinate derivatives’ impact on the indices of the lipid peroxidation and antioxi-
dant system in pancreas and liver of rats.

Materials and methods. The succinate derivatives were administered to rats orally 30-fold. The biological material
studied were the homogenate of pancreas and liver. We determined the content of the dienic conjugates, lipid hydroper-
oxides and thiobarbituric acid reactive substances. We also verified the activeness of catalase, superoxide dismutase,
glutathione peroxidase and glutathione S-transferasees.

Results and discussion. We found the influence of succinate derivatives in sub-toxic doses characterized by increased
intensity of the lipid peroxidation in the pancreas interconnected with the changes in the activity of these reactions in the liver.
These effects were determined due to the antioxidant enzymes activity decrease. The compounds’ impact differed in the de-
gree of disorders in the oxidative-antioxidant organs homeostasis . We have registered that the influence of relatively low
doses of the succinate derivatives caused less severe and multidirectional changes in the lipid peroxidation indices and
signs of the enhanced the antioxidant protection in the studied organs.

Conclusions. The succinate derivatives course changes in the activity of the free radical oxidation and antioxidant
system in pancreas and liver thus can affect the state of the metabolic processes in organism.
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I. A. Tanarina

AY «lncmumym npo6saem eHdokpuHHoi namouozii imeni B. 4. [lanuneecokozo HAMH Ykpainu»
Brius CYKHHHaT-HOXiAHPlX Ha CUCTEMY OKCUJAAHTHO-aHTUOKCUAAHTHOTI'O 6anchy
B NiALUTYHKOBIH 3a/1031 Ta neviHni mypis

AkTyasbHicTb. CyKIIMHAT-NOXiHI IIMPOKO 3aCTOCOBYIOTHCA JJIs1 PO3POOKH Ha IX OCHOBI JIiIKapChKHX 3ac00iB MeTa-
6oJs1iuHOrO THIY Ail 3 pi3HOMaHITHUMHU $papMaKoJoTiYHUMU edeKTaMu. BipoBa/mkeHHs JIiIKapCbKUX 3aC06iB y BUPO6-
HUI[TBO Ta MeJJUYHY NPAKTUKYy HANpPsMY 3aJeXUTh Bij Ix 6e3nedHocTi 15 340poB’s. OLiHka 6e3neyHoCTi KceHo6io-
TUKIB Nnepe/ib6avyae BUSBJIEHHs TaKUX 3MiH, IKi MOXKYTb BIUIMBAaTH Ha MeXaHi3MHU aZianTalii a6o MoIKo/KeHHsI OpraHiB
Ta CUCTEM OpraHi3my.

MeTa poGOTH - 3'iICyBaTH XapaKTep BIJIMBY CyKI[MHAT-MOXiJHUX Ha MOKa3HUKH JIiMONepOKcHalii Ta aHTHOKCH-
JIAaHTHOI CUCTEMH y MiJIIJIYHKOBIH 3a/103i Ta neviHLi LypiB.

Martepiaau Ta MeToaH. CyKLIMHAT-NOXi/HI BBOAWJIY LypaM nepopaibHo 30-pa3oBo. biomMaTepianoM ciayxunu
roMoreHaT HiZ[IIJIYHKOBOI 3aJ103U1 Ta Ne4YiHKU. BU3Havyaiu BMicT JlieHOBUX KOH'IOTaTiB, TiiponepoKcU/iB JiniziB, ak-
TUBHHUX CIIOJIYK, IKi pearyloTb 3 Tio6ap6iTypoBOI0 KUCJI0TOI0, aKTUBHICTb CyNepOKCUAMCMYTas3|, KaTalasHy, IJIyTaTioH-
NepoKCH/asHy Ta [JIyTaTioH-S-TpaHcdepasu.

Pe3synbraTH Ta iX 06roBopeHHs. BcTaHOBJIEHO, 1110 BIVIMB CYKIMHAT-NOXIAHUX B CYOTOKCUYHUX J,03aX XapaKTe-
PHU3YETHCS MiJBUIeHHSIM iHTEHCUBHOCTI JlionepokcuaaLil y miAnuIyHKOBIH 3a103i, 1[0 B3aEMOIOB’sI13aHO 3i 3MiHaMHU
AKTHUBHOCTI [UX peakuii y nedinui mypis. Taki epexTn 06yMoBJIeHI 3HMKEHHAM aKTUBHOCT]I aHTHOKCH/IAHTHUX €H3H-
MiB. Jlifl CloJIyK Biipi3HAETHCA 3a CTyleHeM MOopyLIeHHs OKUCHO-aHTUOKCH/JAHTHOT O FOMeOoCTa3y OpraHiB. Y BiJHOCHO
MaJIuX /103aX CIOJIYK 3ape€eCcTpOBaHi MeHIll BUpaXkeHi, pi3HOCHPsIMOBaHi 3MiHM MOKAa3HUKIB JlinonepokcuaLii Ta o3Ha-
KM IOKpallleHHs aHTUOKCHJAaHTHOTO 3aXUCTY OpraHiB.

BucHOBKH. CyKIIMHAT-NOXIi/IHI BUKJIMKAIOTb 3MiHHU CTaHy BiJIbHO-paZiIMKaJIbHOT0 OKMCHEHHsI Ta aHTUOKCHJaHTHOI
CUCTEeMH y NiALUTYHKOBIH 3a/1031 Ta MeviHIj, 1110 MoKe BIJIMBATH Ha Nepebir MeTaboJ IiuHUX NPOoLeciB B opraHisMi.

Karuoei caoea: cykyuHam-noxioHi; nidwayHKo8a 3a103a; neviHka; nepekucHe OKUCHEHHs Ainidie; ahmuokcudanm-
HI eH3uMU

H. A. Ilanaruna
I'Y «UHcmumym npo6saem sH0OKpuHHOU namoJio2uu umeru B. A. [lanuneseckoeo HAMH YkpauHbl»
BiivsiHMe CyKIIMHAT-NIPOU3BOAHBIX HA CUCTEMY OKCUAAHTHO-aHTHOKCUJAHTHOI'O
6aJiaHCa B OJKeJIyA0YHOM xKeJjie3e U eYeHH KPbIC

AKTyaJIbHOCTb. CyKuHHaT-HpOH3BOAHbIe HIMPOKO NPHUMEHAKTCA AJid pa3pa60TK14 Ha UX OCHOBE JIEKapCTBEH-
HBIX CPeZICTB MeTAab0JIMYECKOr0 THIA eUCTBUS C pa3HOOOpa3HbIMU papMaKoJoruieckuMu a¢dexkraMmu. BHejpeHue
JIEKapCTBEHHBIX CPeACTB B IPOU3BOACTBO U MEJUIMHCKYIO MIPAKTHUKY HAlIPAMYI0 3aBHUCUT OT UX 6€30MacHOCTH AJiA
370poBbsl. OljeHKa 6€30MaCHOCTH KCEHOOMOTHKOB IIpelycMaTPUBAaEeT BhbIsIBJIeHHE TaKUX U3MEHEHHUH, KOTOpble MOT'yT
BJIMATH HA MEXaHU3MbI aJaliITAllUU UJIH TIOBPEKAEHUA OPraHOB U CUCTEM OpraHusMa.
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Iles1b paGOTHI — BbISICHUTD XapaKTep BJIMSHUS CYKLMHAT-POU3BO/HBIX Ha I0KA3aTeJ1 JUIONEPOKCH/JALUH 1 aHTH-
OKCH/IAHTHOH CHCTEMBI B ITO/PKEYA0YHOH XKeJle3€e U eYeHH KPBIC.

MaTepuansl 1 MeToAbl. CYKIIMHAT-MIPOU3BOAHbIE BBOAMJIN KpbicaM NepopasbHo 30-kpaTHo. BuomaTtepuanom
CJIYKMJIM TOMOTEHAT MO/KeJTyA04HOM JKeJie3bl U edeHu. Onpe/iesisiii cofepKaHre AUeHOBBIX KOH'bIOTaTOB, TH/PO-
nepeKuced JIMIUAOB, aKTUBHBIX COeAUHEHNH, pPearupyolux ¢ TH06apOUTYPOBOH KUCJIOTOM, aKTUBHOCTb KaTaJlasbl,
CyNepOKCHAAMCMYTa3bl, [JIyTaATHOHIEPOKCHUA3bI U [Ty TaTHOH-S-TpaHCdepassl.

Pe3ynbTaThl M MX 06CY>K/J€HUE. YCTAaHOBJIEHO, YTO BJIMSIHUE CYKLMHAT-NPOU3BOJHbBIX B CYy6TOKCHYECKHUX [[03aX
XapaKTepHU3yeTCsl OBbILIEHHEM HHTEHCUBHOCTH IEPEKUCHOTO OKUCIEHUs JIMMTUJ0B B O/KEIyJ04HOH Kesle3e, KOTo-
poe B3aMMOCBSI3aHO C U3MEHEHHMU aKTHBHOCTH 3THX PeaKL[ui B edyeHH KpbIC. Takue 3pdeKThl 00ycI0BIEHBI CHU-
»KeHHEeM aKTHUBHOCTH aHTHOKCHU/JAaHTHbBIX 3H3UMOB. JleliCTBHE COeIMHEHUI OTINYAeTCs 110 CTeNeHH HapyIIeHH i OKHC-
JINTEIbHO-aHTUOKCHU/IAHTHOTO FOMeoCcTa3a OpraHoB. B OTHOCHTE/IbHO MaJIbIX 103aX COeJMHEHUH 3aperucTPpUpPOBaHbI
MeHee BbIpa)KeHHbIe, Pa3HOHANpaBJeHHble H3MeHeHHUs NI0Ka3aTeslel IePeKUCHOT0 OKUC/IeHU JIUMTU0B U MPU3HAKU

yayquieHua aHTI/IOKCI/IAaHTHOI‘/‘I 3allUThl OPraHOB.

BbiBOABI. CyKLll/lHaT-l'lpOl/BBO[lele BBI3bIBAKOT U3BMEHEHHNA NHTEHCHUBHOCTHU CBO60AHOpaLLHKaJIbHOFO OKHUCJIEeHUA
W aKTUBHOCTH aHTHOKCH,C[aHTHOﬁ CHUCTEMBI B r[omxeny;[otmoﬁ Kesiese U l1€4€HH, TeM CaMbIM MOTYT BJIMATH Ha COCTOA-

HHe MeTab0JIMYECKUX MTPOLECCOB B OpraHU3Me.

Karwuesvle caoea: cyKuuHam-npoussodHue; nodafcmyaow-laﬂ Jces1e3a; nevyeHb, nepekucHoe oKucsieHue AuUnudos;

aHMUOKCUOAHMHblE F3H3UMbI

INTRODUCTION

An important strategic direction of modern pharma-
cology lies in the development of drugs based on syn-
thetic analogues of nature metabolites and their deriva-
tives capable (without any side effects) to reduce disor-
ders in certain links of metabolism via stimulation of
the adaptation mechanisms. The succinate derivatives (SD’s)
possess different kinds of such biological activity as anti-
oxidant, detoxifying, membrane-stabilizing, energy- and
immune-stimulating ones, which play a significant part
in mechanism of their regulatory impact on liver func-
tional state, pancreas, adrenal glands, cardiovascular sys-
tem, hemostasis e.a. Today the succinic acid and its meta-
bolites are often made the basis of the renowned drugs
with the anti-hypoxic, anti-diabetic, anti-inflammatory,
cardio- and hepatoprotective actions [1-4].

The expressed anti-diabetic properties were identi-
fied in B-phenylethylamide of 2-oxysuccinanyl acid (3-PhEA-
OSAA) synthesized by the State Institution “V. Danilevsky
Institute of Endocrine Pathology Problems of National
Academy of Medical Sciences of Ukraine”. The mechanism
of its metabolic action is associated with stimulation of
energetic metabolism, oxidative stress suppression in mito-
chondria as well as with reduction of the non-enzymatic
glycosylation [5]. The following are The first phase of
-PhEA-OSAA biotransformation brings out its two meta-
bolites, 2-hydroxyphenylsuccinamid (2-HPhSA) and f-phe-
nylethylsuccinamid (3-PhESA), that also belong to SD’s and
may affect specific effects and toxic potential of their
parent compound.

-PhEA-OSAA plays an active component of the anti-
diabetic medicine with effectiveness established by various
diabetes models and confirmed by the clinical tests. One
of the main requirements for new promising drugs covers
their safety for health therefore presupposing the toxi-
cological expertise of their ability to damage separate
organs and organism systems.

One of the initial pathobiochemical mechanisms of
all xenobiotics impacts is believed to lie in the pro-/anti-
oxidant homeostasis disorders that lead to changes in

various links of metabolism [6]. The biochemical proces-
ses are most active in the liver which is involved in de-
toxification of xenobiotics including most medicines.
However, the drug biotransformation forms their toxic
metabolites capable to disrupt some functions of the liver
so forth affecting the functional state of many organs and
systems. The normal as well as pathological liver has a close
functional connection with the pancreas, and changes of
these central organs of the digestive system state can
essentially affect the activity of metabolism in the orga-
nism. Damages in liver and pancreas, regardless their ge-
nesis, may be initiated by an oxidative stress due to gene-
ration of an active form of oxygen and nitrogen with a de-
crease in level of the pro-inflammatory cytokines. On the other
hand, it is known that the pancreas is more susceptible
to intoxication than the liver as it differs by a low activi-
ty of the antioxidant enzymes and glutathione-synthetic
processes that contribute to an intensive advancement
of the oxidative stress in this organ [7]. The interconnec-
tion between changes of prooxidant-antioxidant system
in the liver and in the pancreas under influence of the suc-
cinicacid derivatives has not been exposed. The study of
this issue is useful for delineation of mechanisms of the bio-
logical action and safety of all compounds like these, and
especially it is important for the promising antidiabetic
medicines developed on their base.

The aim is to investigate the succinate derivatives’
effects on the activity of the antioxidant enzymes and
intensity of the lipid peroxidation reactions in the pan-
creas and liver tissue in the sub-acute experiment con-
ditions.

MATERIALS AND METHODS

The sub-acute experiment was conducted over 48 out-
bred white male rats with body weight 190-210 g. The stu-
dy complied with the “General Ethical Principles of Ani-
mal Experiments” (Ukraine, 2001). 3-PhEA-OSAA was
orally administered to rats 30-fold in doses 100 mg/kg
and 25 mg/kg (1/100 and 1/400 DL, resp.). HPhSA was
applied in doses 68 mg/kg and 17 mg/kg, and 3-PhESA
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was dosaged 72 mg/kg and 18 mgr/kg. These doses are
equimolar to the above mentioned amounts of their ori-
ginal compound. The control and each test groups consis-
ted of 8 animals. After finishing of the experiment the rats
were decapitated under the light ether anesthesia, and
their liver and pancreas homogenate was obtained for
the study of biochemical parameters.

The state of the lipid peroxidation (LPO) processes was
assessed by the content of the dienic conjugates (DC) [8],
lipid hydroperoxides (LHP) [9] and thiobarbituric acid
reactive substances (TBARS) in 10% homogenate of the li-
ver and pancreas [10]. We also examined the activity of
such antioxidant enzymes as catalase (EC 1.11.1.6) [11]
and superoxide dismutase (SOD) (EC 1.15.1.1) [12] in
the liver and pancreas, glutathione peroxidase (GPx)
(EC 1.11.1.9) [13] and glutathione S-transferase (GST)
(EC 2.5.1.18) in the liver [12]. Apart from that, we de-
fined the protein content in liver homogenate [14].

Statistical analysis of the obtained results was con-
ducted with the Anova system. Normal distribution of
a trait in the sequences was determined using the Shapiro-
Wilk (W) criterion. Pair comparison of experimental groups
with the control was performed using the Student’s t-cri-
terion. The results are presented as the arithmetic mean
and its probable statistical error (X # Sx). We considered
reliable all data at p < 0.05, and close to the statistically
significant all data at 0.05 <p < 0.1.

RESULTS AND DISCUSSION

We found that under SD’s sub-acute impact the in-
tensity of oxidative processes changed in the pancreas
and the liver tissues of rats in parallel. The application of
-PhEA-OSAA at a dose 100 mg/kg as well as action of its
two metabolites in equimolar amounts proved to inten-
sify the LPO in the pancreas tissue. B-PhESA (72 mg/kg)
and 2-HPhSA (68 mg/kg) caused an increase in content
of TBARS by 31 % and 44 % (P < 0.05) and to a lesser ex-
tent, of LHP by 17 % and 10 % (0.05 <P < 0.1) in the or-
gan homogenate. Our study of state of the antioxidant
system (AOS) in the pancreas tissue registered a de-
crease in the activity of catalase under 2-HPhSA impact
(P<0.05) and of SOD under 3-PhESA influence (0.05 <P <0.1).
The metabolites of 3-PhEA-OSAA to a certain extent im-
pacted the manifestation of this compound’s pro-oxidant
effect characterized by a significant increase of TBARS
content by 22 % and a reduction of SOD activity in the pan-
creas homogenate (Tab. 1).

Under the same conditions of 3-PhESA and 2HPhSA
exposure, in the liver the changes of the pro-oxidant sta-
tus were manifested as a tendency to increase in the con-
tent of TBARS (0.05 <P <0.1) and were less expressed
than in the pancreas. 3-PhESA in the liver tissue also cau-
sed a significant increase in the activity of catalase, but
GPx that is close by functional purpose to this enzyme
changed its activity in the opposite direction under the im-

Table 1

PARAMETERS OF LIPOPEROXIDATION PROCESSES AND ANTIOXIDANT SYSTEM STATE IN RAT
PANCREAS AND LIVER UNDER SUB-ACUTE IMPACT OF 3-PHENYLETHYLAMIDE OF 2-OXYSUCCINANYL
ACID (B-PHEA-OSAA) AT A DOSE 1/100 DL, 2-HYDROXYPHENYLSUCCINAMID (2-HPHSA)

AND B-PHENYLETHYLSUCCINAMID (B-PHESA) AT EQUIMOLAR DOSES (X # Sx, n = 8)

B-PhEA-OSAA, 2-HPhSA, 3-PhESA,
Parameters Control 1 100 mg/kg Control 2 68 mg/kg Control 3 72 mg/kg
Pancreas homogenate

Dienic conjugates, pmol/g tissue 446 +5.8 38.8+3.9 54.7+2.4 50.1+1.8 56.3+4.2 48.6 £5.5
TBA-reactive substances, umol/g tissue | 68.7 + 3.7 83.6 + 5.4* 73.8+6.7 | 106.3+4.9* | 654+35 | 86.0+7.2*
Lipid hydroperoxides, pmol/g tissue 54.7 + 4.0 55.9+39 40.1+1.1 | 439+£15* | 549+1.1 | 64.1+3.9**
Catalase, pmol/min-g tissue 559 +0.9 57.0+1.8 55.8+0.2 50.1+£0.2% | 585+0.2 58.6 +0.2
Superoxide dismutase, 1564+69 | 829+62* | 139.6+46 | 129.8+7.7 | 1337 +46 |119.1+ 6.2%*
arbit. units/min'mg tissue

Liver homogenate
Dienic conjugates, nmol/mg protein 0.22+0.01| 0.17+0.01* | 0.18+0.02 | 0.19+0.03 | 0.14+0.02 | 0.13+0.01
giﬁ:iiacuve substances, nmol/mg 031+0.03 | 0.20%0.02* | 0.26+0.03 |0.39+0.07* | 0.43 £ 0.03 | 0.52 + 0.03**
Lipid hydroperoxides, nmol/mg protein | 0.53 +0.05 | 0.53 +0.04 0.38+0.06 | 0.55+0.1 |0.53+0.05| 0.48+0.05
Catalase, nkat/mg protein 468+0.30| 3.58+0.09* | 3.79+0.63 | 3.03+0.35 |3.41+0.20 | 4.15+0.22*
Superoxide dismutase, 284+25 | 275+18 378482 | 461+74 | 428+50 | 362:36
arbit. units/min-mg protein
gﬁiﬁﬁme peroxidase, nmol/minmg | 1 )39, 64| 1139417+ |164.1+27.9| 153.6+219 [ 102.0+88 | 79.0+ 7.7+
Glutathione-S-transferase, 456+38 | 367%066* | 57.8:7.6 | 719+ 80 | 785:84 | 88.8+10.4
nmol/min-mg protein

Notes: (here and at Tab. 2): * - P < 0.05; ** 0.05 < P< 0.1 compared to the control.
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pact of that compound. B-PhEA-OSAA, on the contrary,
slowed down the rate of the primary and intermediate
reactions of the LPO, as evidenced by a significant (23 %)
reduction in the content of DC and by more than one third
of TBARS content in the organ homogenate. These chan-
ges may be connected to the expenditure of resources
of the antioxidant system (AOS): a reducing activity of
the anti-peroxide enzymes (catalase and GPx) and also
of GST responsible for the second phase of metabolites
detoxification including LPO products (Tab. 1). The de-
celeration of the free radical oxidation in its turn is re-
flected in the state of the liver antioxidant protection [15].
With a four-fold decrease of the administrated doses
of SD’s the increasing rate of generation of LPO products
in the pancreas and the liver tissues was only registered
under the influence of 2-HPhSA ata dose 17 mg/kg (Tab. 2).
The content of TBARS in the pancreas homogenate in-
creased by 23 % (p < 0.05), but this effect was twice less
pronounced compared to the same direction changes after
the application of that compound in a higher dose. These
changes were accompanied by one and half-fold augmen-
tation of the SOD activity in the pancreas homogenate
(p < 0.05), which is a sign of the increased resistance of
the organ against reactive oxygen and nitrogen species.
Under the impact of 2-HPhSA at a small dose in the liver

tissue we registered a rising tendency in the content of
TBARS and LHP (0.05 < P < 0.1), but also a substantial
boosting in the anti-peroxide defense of the organ due to
a compensatory stimulation of GPx and catalase activity
by 1.6 and (p < 0.05) 1.4 times (p < 0.05) respectively.
Under the influence of 3-PhESA at a dose 18 mg/kg,
on the contrary, we recorded a reduction of LHP content
in the liver homogenate (0.05 < p < 0.1). The application
of 3-PhEA-OSAA (25 mg/kg) also proved to slow down
the LPO reactions, as evidenced by a 26 % reduction of
the DC content in the liver homogenate (0.05 < p<0.1)
and by a 15 % diminution of LHP content in the pancreas ho-
mogenate (0.05 < p < 0.1). In the rat liver after the introduc-
tion of B-PhEA-OSAA we noted a significant decrease in SOD
activity which perhaps serves as an adaptive reaction linked
to a lessening need in dismutation of an excessive amount
of superoxide anion radicals. However, the GST activity in
the liver homogenate increased, and this change shows
the activation of the II phase of detoxification (Tab. 2).
Toxicological study of SD’s effects by criteria of the oxi-
dative and anti-oxidative homeostasis shiftings enabled
us to delineate pancreas as their primary target organ.
In sub-toxic doses these compounds proved to stimulate
the LPO processes through decreasing the resistance of
an organ with cells deprived of an effective ferment pro-

Table 2

PARAMETERS OF LIPOPEROXIDATION PROCESSES AND ANTIOXIDANT SYSTEM STATE IN RAT
PANCREAS AND LIVER UNDER SUB-ACUTE IMPACT OF 3-PHENYLETHYLAMIDE OF 2-OXYSUCCINANYL
ACID (B-PHEA-OSAA) AT A DOSE 1/400 DL, 2-HYDROXYPHENYLSUCCINAMID (2-HPHSA)

AND B-PHENYLETHYLSUCCINAMID (B-PHESA) AT EQUIMOLAR DOSES (X # Sx, n = 8)

B-PhEA-OSAA, 2-HPhSA, B-PhESA,
Parameters Control 1 25 mg/kg Control 2 17 mg/kg Control 3 18 mg/kg
Pancreas homogenate
Dienic conjugates, pmol/g tissue 446+5.8 37.0+5.3 449 +47 42324 394 +2.6 42129
ESB:\u';eaCt“’e substances, pmol/g 687+37 | 71.0+43 | 641+26 | 782+32% | 625+28 | 61.1+3.2
Lipid hydroperoxides, umol/g tissue 54.7 £ 4.0 46.3 + 2.6** 484 +1.4 46.0+2.9 67.3+14 68.9 + 6.3
Catalase, pmol/min-g tissue 559+0.9 56.0 £0.8 62.8+2.8 68.3+4.4 446+1.8 44411
Superoxide dismutase, 1564469 | 1389+122 | 709+72 | 99.9+7.1* | 1243+56 | 121.3+4.9
arbit. units/min-mg tissue
Liver homogenate

Dienic conjugates, nmol/mg protein 0.19+0.01 | 0.14 £0.02** | 0.16 £0.02 | 0.16+0.01 | 0.13+0.02 | 0.10+0.02
TBA-reactive substances, nmol/mg | ;o\ 01| 025+0.02 | 022£0.03 | 029+ 0.02* | 026+0.02 | 0.26+0.05
protein
]I;‘r‘(’)‘t‘i;yd“’pe“mdes' nmol/mg 063+0.09| 058+0.14 | 0.51+0.06 | 0.70 + 0.09% | 0.50 £0.06 |0.35 + 0.04**
Catalase, nkat/mg protein 464+037 | 434+035 | 3.68+0.17 | 497+026* | 4.06+021 | 4.09+0.37
Superoxide dismutase, 429+20 | 325+39% | 420+33 465 + 78 387+17 | 369+51
arbit. units/min-mg protein
Glutathione peroxidase, nmol/min-mg
brotein 111.1+9.8 | 110.5+14.4 |1252+13.4|202.8+30.3% | 1252+ 13.4| 101.8+6.8
Glutathione-S-transferase, 457+48 | 649+82% | 759106 | 68754 | 759%10.6 | 557115
nmol/min-mg protein
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tection from the free radicals. However, we registered
the much lesser respective activity of f-PhEA-OSAA than
of its metabolites, 3-PhESA and 2-HPhSA. Hence we hypo-
thesized that the $-PhEA-OSAA mono-introduction when
it is accompanied with its metabolites formation in an
organism would bring their smaller summarizing effect
on the LPO reactions than in case of their isolated intro-
duction, i.e. there exists the antagonism of impact as an
element of their combined action [16]. It should also be
noted that the -PhEA-OSAA metabolism is fractional,
and out of its two metabolites the highest concentration
and durability of presence in the system blood flow is at-
tributed to 3-PhESA which obviously plays the larger part
in the pro-oxidant effect of the maternal compound [17].
When administered in relatively small doses, 3-PhEA-OSAA
and B-PhESA did not essentially change the activity of
the LPO reactions in the pancreas tissue, unlike 2-HPhSA
that slightly intensified them so forth strengthening
the anti-oxidant protection of the organ. And also, unlike
-PhESA, 2-HPhSA is promptly eliminated from an orga-
nism so cannot essentially affect the activity of the ma-
ternal compound re. the LPO-AOP system [17].

The changes of a metabolic activity of the liver are
interrelated to the ones in the functional state of the pan-
creas. However, the liver as the main organ of the detoxi-
fication of xenobiotics, in contrast to the pancreas, has a
high reserve-adaptive potential to prevent the genera-
tion of the products of free radical oxidation and thus to
restrain the development of an oxidative stress in the con-
ditions of intoxication [18]. After sub-acute introduction
of the sub-toxic dose of f-PhEA-OSAA the LPO processes
in the liver tissue, on contrary, slows down, and this ef-
fect due to certain expenses of antioxidant reserves in
the organ and has dose-dependent character. With an
introduction of 3-PhESA in the organism at a relatively
small dose its influence on the state of the LPO proces-
ses manifests in the same direction as for 3-PhEA-OSAA.
However 3-PhESA at the sub-toxic dose as well as 2-HPhSA
at both tested doses causes increasing in the content of
the intermediate LPO products in the liver, but in parallel
adaptation mechanisms are activated, which contribu-
tes to the increase the resistance of the organ against toxic
free radicals impact.

Caused by the SD’s influence, the changes of pro/
antioxidant status in the pancreas and liver that are al-
lied functionally as the central organs of the digestive sys-
tem and metabolism, can provoke significant changes in
most metabolic processes of the organism.

CONCLUSIONS

1. Within the sub-acute introduction, 3-phenylethyl-
amide of 2-oxysuccinanyl acid (3-PhEA-OSAA) ata dose
100 mg/kg (1/100 DL,,) and its metabolites - 2-hyd-
roxyphenylsuccinamid (2-HPhSA) and (3-phenylethyl-
succinamid (3-PhESA) at equimolar doses (72 mg/kg
and 68 mg/kg resp.) stimulate lipid peroxidation reac-
tions in the pancreas and also contribute to the re-
duction in activity of the antioxidant system in the or-
gan, yet 3-PhEA-OSAA gives a way by these criteria
to its metabolites. With the four-fold reducing doses,
the same (but less intensive) direction of changes
in the lipid peroxidation processes are caused by
2-HphSA, that also proved to strengthen the antioxi-
dant protection of the pancreas.

2. Under the sub-acute administration of f-PhEA-OSAA
the lipid peroxidation processes in the liver are slo-
wed down. This effect has a pronounced dose-depen-
dent nature and is related to certain expenses of anti-
oxidant resources in the organ, but these reserves far
exceed the potential of the free radicals counteraction
in other organs. 3-PhESA at a dose 18 mg/kg influ-
ences the state of the lipid peroxidation processes in
a similar way. After application of 3-PhESA at a dose
72 mg/kg and 2-HphSA at a dose 68 mg/kg, in the li-
ver the content of the intermediate products of the li-
pid peroxidation increases slightly, but antioxidant
defense of the organ also augments due to activation
of its adaptation mechanisms.

3. The mostactive of the studied compounds by the pro-
oxidant action criteria (increase in content of the li-
pid peroxidation products in the pancreas and liver
tissues) is 2-HPhSA, one of 3-PhEA-OSAA metaboli-
tes, but time of its stay in the blood flow is signifi-
cantly smaller than of two other studied compounds.
Considering a nature of changes of the lipid peroxi-
dation parameters and antioxidant enzymes activi-
ties, B-PhESA as a product of $-PhEA-OSAA biotrans-
formation can essentially contribute to the effects of
its parent compound over the pro/antioxidant sta-
tus of the rat pancreas and liver.

4. The changes of the pro/antioxidant homeostasis in-
duced by the succinate derivatives in the pancreas
and liver that serve as the central organs of metabo-
lism are interdependent and can affect the state of
the majority of metabolic processes in the organism.
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