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The article presents results of research of the influence of nano-polymer based on pseudopolyamino
acids named GluLa-DPG-PEG600 on structural and functional state of kidneys and liver of Rattus norvegicus
var. alba. This article precisely describes the influence of GluLa-DPG-PEG600 on activity of alanine trans-
aminase (ALAT), aspartate transaminase (ASAT), alkaline phosphatase (ALP), gamma-glutamyl transferase
(GGTP) and content of cholesterol and creatinine in blood, — moreover histological analysis of rats liver and
kidneys was prepared.

We found that single injection of GluLa-DPG-PEG600 caused increasing activity of ALAT, ASAT,
ALP, GGTP and amount of creatinine in blood of rats on the 7" day of experiment. We observed decreased
level of enzymes and content of cholesterol and creatinine on the 14" day of experiment comparing with results
obtained on the 7" day of experiment. On the 21*' day of experiment activity of all enzymes and content of
creatinine and cholesterol returned to the same level of activity as in the control group animals. Histological
analysis revealed few inflammation processes in ascending convoluted tubules of nephrons on the 7" and 14"
days of experiment that confirms increased enzyme activity and content of creatinine and cholesterol. In deed
on the 21*' day of experiment histological structure of rats and liver were unchanged.

Our results show temporary little toxic effect of GluLa-DPG-PEGG600 on rats on the 7" and 14" days
of experiment. Decreased toxic effect on the 14" day and its absence on 21*' day of experiment can be ex-
plained by adaptation process to repeated injections of GluLa-DPG-PEG600 in rats. In conclusion GluLa-
DPG-PEG600 could be used as carrier of active ingredients of drugs for future research.
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Y ecmammi nasedeni 0arni 00ciiodnceHb cmpyKmypHo20 i YyHKYIOHANbHO20 CMAHY NeUIHKU MaA HUPOK
wypie Rattus norvegicus var. alba 3a 0ii hanononimepa Ha ocHogi ncegdononiaminoxuciom — GluLa-DPG-
PEG600. Ioxazano pezymomamu enausy GluLa-DPG-PEG600 na akmugricmo ananinaminompancgepasu (AnAT),
acnapmamaminomparcgpepasu, (AcAT), nyacuoi pocghamasu (JID), camma-enymaminmpancnenmudasu (I'TTII),
BMIC KPEeAmuHIHY ma X0Aecmepury i CmpyKmypy neuiHKu ma HUpOK.

Busisneno, wo enympiwnvom ‘siz06e 6sedenns nanononimepy Glula-DPG-PEG600 cnpuuunsie niosu-
wiennst akmuenocmi inouxamopuux ensumie AnAT, AcAT, JI®, I'TTII i emicmy kpeamuniny na 7-y 000y excne-
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pumenmy. [licna noemoprozo 6eedenns nanononimepy Ha 14-y 006y ekcnepumenmy cnocmepieanocs 3HUNCEHHS
Pi6Hs akmueHoCcmi iHOuKamopHux gepmenmis. 3a nacmynnoeo esedennsi GluLa-DPG-PEG600 na 21-y 006y
eKCnepuUMeHmy aKMusHIiCmob THOUKAMOPHUX (hepMeHmis, 6MICMY KPeamuHiny ma Xoiecmepory 6yau Ha pieHi
3 KOHMpORem. 3a 00nOMO2010 2ICMONO2IYHO20 aHANI3Y Y0 BUAGTIEHO HE3HAYHUL 3aNATbHUL npoyec 8 OLIHYI U~
CXIOHUX 36UBUCTUX KAHATbYIE HUPOK Ha 7 ma 14 000y excnepumenmy, sikuil, 0OHaK, 6ye eiocymHiti Ha 21-y 000y
excnepumernmy. Cmpykmypa nedinku 00CHiOHUX MBAPUH He 3a3HANA NAMONIOIYHUX IMIH.

TIposeodeni Gioximiuni docnioxncenns kposi (axmuernocmi AcAT, AnAT, JI®, I'TTII ma émicmy KpeamuHiny
i Xonecmepoiny), a maKoxic MiKpOCKONIYHUY AHANI3 CIMPYKMYPU NeUiHKU [ HUPOK 8KA3YIOMb HA KOPOMKOYACHUL
TOKCUYHUTLL eheKm OOCTIONCYBAHO20 HAHONONIMEPY HA OpeanizM 00CTIOHUX wypie. Boonoyac ameHueHHs moxK-
cuunoeo enugy GluLa-DPG-PEG600 na 14-y 006y ma vioco éiocymuicms Ha 21-y 000y excnepumenmy ceiouumbs
npo adanmayilo opeanizmy wypie 00 eésedennsi Hanonoaimepy Glula-DPG-PEG600 ma Huzbky moxcuyHicmo
camozo Hanononimepy. Ompumani Oari ceiouams npo desneynicmo euxopucmanns GluLa-DPG-PEG600 sk
HOCIsL OTI0HUX PEeUOBUH JIKAPCHKUX NPenapamis 0is NPO6eOeH s NOOAILUUX OOCTIONCEHD.

Kurouosi caosa: H[YPI, KPOB, [IEHIHKA, HUPKH, HAHOITIOJIMEP, IICEB/OITOJII-
AMIHOKHNCJIOTHU
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B cmamve npugedenvl Oanubvie uccied08aHuli CMPYKMYPHO20 U (DYHKYUOHATLHO20 COCMOAHUS NeYeHU
u nouex Kpwic Rattus norvegicus. var. Alba npu deticmeuu Hanononumepa Ha 0CHO8e NCe80ONONUAMUHOKUCTOM —
GluLa-DPG-PEG600. Iloxazaust pezynomamst érusnus GluLa-DPG-PEG600 na akmugnocms anianuHamumo-
mpancgepazvl (AJIT), acnapmamamunompancgepazol, (ACT), wenounoti pocghamaswvr (JID), eamma-enymamu-
mpancnenmuoassl (I'1'TI), coOepocanue KpeamuHuHa u XonecmepuHa, a Mmakice CMpyKmypy neueHu u nouex.

Yemanosneno, umo enympumviineunoe esedenue nanononumepa GluLa-DPG-PEG600 nposoyupyem
nosvliernue axkmusrocmu unouxamopuwix pepmenmos AnAT, AcAT, LL[D, I'T'TII u cooepacanus kpeamununa Ha
7-e cymxu sxkcnepumenma. Ha 14-e u 21-e cymxu nocae nosmopnwix ésedenui GluLa-DPG-PEG600 nabnooa-
JIOCb CHUMICEHUE AKMUBHOCMU UHOUKAMOPHBIX (DePMEHmO8, COOepHCaHUe KPeamUuHUHA U Xoaecmepura 0biio Ha
YpogHe ¢ Konmpoinem. I ucmonozuyeckuii aHanu3 CMpPYKmMypsl NeYeHu U noYeK KpblC NOKA3AL He3HAYUMENbHbLL
B0CHAIUMENbHBIL NPOYECC 8 0ONACMU BO0CXO0AUWUX KAHAIbY 8 NoYeK Ha 7-e u 14-e cymku sxcnepumenma, Komo-
pblli ucuezan Ha 21-ii denv sKcnepumenma. B cmpykxmype neuenu sKkcnepumeHmanbHuIx HCUBOMHBIX NAMONO-
2UYEeCKUX USMEHEHULL He 0OHAPYHCEHO.

Tlposedennvie buoxumuueckue ucciedosanus kposu (akmusnocmu AcAT, AnAT, LD, I'TTII, cooepoica-
HUS KPEAMUHUHA U XOAeCMEPUHA) U MUKPOCKONUYECKULL AHAIU3 CIMPYKIYDbL NeYeHU U NOYeK YKA3bIBAIOM Ha Kpd-
mKospemennwiii moxcuyeckuti s¢pgpexm nanononumepa GluLa-DPG-PEG600 na opeanuszm kpwic. B mo oice epems,
ymeHbuteHue mokcudeckoeo sozoeiicmeus GluLa-DPG-PEG600 na 14-e cymku, u eco omcymcmeue na 21-e
CYMKU IKCHEPUMEHMA C8UOeMeIbCMBYem 00 adanmayuu OpeaHu3Ma KpbiC U HU3KOL MOKCUYHOCMU CAMO20 Ha-
nonoaumepa. lTlonyuennvie oanmvie ceudemenvcmeyiom o bezonacnocmu ucnonvzosanus Glula-DPG-PEG600
0711 npoBedeHUst OANbHEUUUX UCCIe008AHUL 8 Kauecmae HOCUMeNs 1eKapCmMEeHHbIX NPenapamos.

Kimouessbie cioBa: KPBICHI, KPOBb, IITEUEHD, [IOYKU, HAHOITIOJIMMEP, IICEB/IO-
[NHOJIMAMMNHOKUMCJIOTBI

Adjuvants, such as aluminum hydroxide, the fact, that aluminum hydroxide is worldwide
calcium phosphate and mineral oils, are com- spreading adjuvant, its excretion from living or-
monly used in medicine and veterinary. In spite of ganism is problematic [12]. There are several
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novel adjuvants, such as lipid micelles forming
immunostimulating complexes, interleukin 1,
interleukin 2, polyelectrolytes like azoximer bro-
mide and chitosan, components of bacterial cells
etc. [10, 11]. In the case of using mineral oils its
manufacturing needs emulgators, whose presence
in living organism is not completely safe [6, 7].
To minimize risk of adverse reactions, adjuvant
selection is made individually for every vaccine.
Pseudopolyamino acids (PPA) are a class
of polymeric compounds which structure doesn’t
include peptide bonds. Class of nano-polymers
described in this article consists of pseudopoly-
amino acids which are derived from natural a-
dicarboxylic acids and polyols. That has advan-
tages of the polymer that are known by the brand
name “Pluronic”. The resulting nano-polymer has
the ability to self-stable aqueous dispersions like
“Pluronic” molecules. Nano-polymer consists
of polyols of polyoxyethylene and polyoxypro-
pylene with much lower molecular weight that
“Pluronic”. This nano-polymer refers to pseudo-
polyamino acids; it means that its components in-
clude natural, inherent human body amino acids
which don’t contain peptide bounds. For our in-
vestigation we created nanopolymer GluLa-DPG-
PEG600 that consist of glutamic and lauryl acids
(GluLa), dipropylene glycol (DPF), polyethylene
glycol (PEG600) which covalently attached to
mail macromolecule chain (fig. /) [1]. The main
purpose of our research was determination the in-
fluence of GluLa-DPG-PEG600 on structure and
functional state of liver and kidneys of rats.

Materials and methods

Accordingly to the main our purpose,
three experimental groups of male aged 6 months
Rattus norvegicus var. alba were formed. Each
group consisted of 9 rats. The weight of 1 rat was

n=6-15

Fig. 1. Structure of nanopolymer system GluLa-DPG-
PEG600

approximately 250-300 gram obtained in normal
laboratory conditions.

On the 1, 7" and 14" days of experiment
the experimental animals were intramuscularly
injected by saline, 1 % GluLa-DPG-PEG600
and 1 % bovine serum albumin (BSA) accord-
ingly to scheme (table I). Rats from every ex-
perimental group were anesthetized with chlo-
roform and decapitated. Biochemical analysis
includes determination of the activity of alanine
transaminase (ALAT, EC 2.6.1.2), aspartate trans-
aminase (ASAT, EC 2.6.1.1), alkaline phospha-
tase (ALP, EC 3.1.3.1), gamma-glutamy!l transfer-
ase (GGTP, EC 2.3.2.2) and content of cholesterol
and creatinine in rats’ blood [3]. Liver and kidneys
structure were investigated using histological
analysis [4, 5]. All experiments were performed
in accordance with 1* National Congress on Bio-
ethics (Kyiv, 2001) and European convention for
the protection of vertebrate animals used for ex-
perimental and other scientific purposes (Stras-
bourg, 1985).

Results and their discussions

We chose to determine the activity of
ALAT and GGTP as major clinical markers of
liver diseases, ALP — marker of liver, bone,
kidneys diseases, ASAT and creatinine level as
clinical markers of kidneys and heart diseases and

Table 1
Scheme of injections
Groups of animals Injection
Control 0.3 ml saline
I 0.3 ml of 1 % GluLa-DPG-PEG600
2nd 0.3 ml 1 % GluLa-DPG-PEG600 with 0,3 ml 1 % serum albumin (BSA)
3 0.3ml 1% BSA
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Fig. 2. ASAT activity on the 7%, the 14" and the 21* day
of experiment in control, 1*, 2" and 3™ experimental
groups of animals; n=3, M+m, * — P<0.05
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Fig. 4. ALP activity on the 7%, the 14™ and the 21% day

of experiment in control, 1%, 2" and 3" experimental
groups of animals; n=3, M+m, * — P<0.05
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Fig. 5. GGTP activity on the 7%, the 14" and the 21* day
of experiment in control, 1%, 2° and 3" experimental
groups of animals; n=3, M+m, * — P<0.05
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Fig. 6. Creatinine level on the 7%, the 14" and the 21* day
of experiment in control, 1%, 2" and 3" experimental
groups of animals; n=3, M+m, ¥ — P<0.05
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Fig. 3. ALAT activity on the 7%, the 14" and the 21* day
of experiment in control, 1*, 2" and 3™ experimental
groups of animals; n=3, M+m, * — P<0.05

21stday

determine cholesterol level as clinical marker of
cardiovascular system, liver and kidneys diseases.

Biochemical analysis of rats blood revealed
that on the 7" day of experiment the animals from
the 1** experimental group had increased (P<0,05)
ASAT activity on 28 % (fig. 2), ALAT — on 55 %
(fig. 3), ALP— on 13 % (fig. 4), creatinine con-
tent — on 29 % (fig. 6). In fats from the 2™ group
the activity of ASAT had increased (P<0.05) on
26 % (fig. 2), ALAT — on 47 %, (fig. 3), GGTP —
on 34 % (fig. 5) and creatinine — on 30 % (fig. 6).
The animals from the 3™ experimental group had
unchanged enzymes activity and creatinine level
which were the same as in the control group of
animals. Level of cholesterol was normal in rats
from all experimental groups.

Increased activity of ASAT and ALAT
can be the effect of defection of hepatocytes
structure. Increased activity of GGTP can be the
result of destruction of the cells that forms in-
trahepatic bile ducts and ALP — destruction of
the cells that forms extrahepatic bile ducts on ul-
tra microscopic level. No changes in liver were
detected using micro-histological analysis. High
level of creatinine in blood of rats from 1% and
2m experimental groups can be the result of de-
creased glomerular filtration rate.

This theory was also confirmed by few
sites of inflammation process revealed using his-
tological analysis in ascending convoluted tubules
of nephrons.

Accordingly to our data, on the 14" day
of experiment the increased activity of ASAT on
20 % in blood of rats from the 1* experimental
group and increased activity of ASAT on 25 %
in rats from the 2™ group was detected (fig. 2).
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ALAT activity increased on 27 % and 33 % in ani-
mals from the 1* and the 2™ experimental groups,
respectively (fig. 3). ASAT and ALAT activity
in rats from the 3™ experimental group were the
same as in the control group. ALP, GGTP activ-
ity and level of creatinine and cholesterol of all
groups of experimental animals were the same as
in the control group. It was also detected few sites
of inflammation process in ascending convoluted
tubules of nephrons by histological analysis in
rats from the 2" experimental groups that can be
the result of decreased glomerular filtration rate,
but the mechanism of influence of GluLa-DPG-
PEG600 on kidneys are unknown.

On the 21* day of experiment activity of
ASAT, ALAT, GGTP, ALP and level of creati-
nine and cholesterol in blood of rats from all ex-
perimental groups of animals were in the normal
range and were the same as in the control group.
Histological analysis revealed that there were
no pathological changes in structure of liver and
kidneys of animals from all experimental groups.
During all experiment, no changes in liver were
detected using micro-histological analysis.

Results of our research show temporary
toxic effect of GluLa-DPG-PEG600 on functional
state and structure of rats kidneys and liver. It was
maximal on the 7 day of experiment and dropped

Fig. 7. Microstructure of kidneys on the 7* day of experiment in control, 1%, 2™
and 3" experimental groups of animals; hematoxylin and eosin staining of tissue (total magnification — 100x):
a) — control, b) — the 1* experimental group, ¢) — the 2™ experimental group, d) — the 3" experimental group;
1 — renal corpuscles, 2 — vessel wall, 3 — ascending convoluted tubules of nephrons,
4 — site of inflammation process in ascending convoluted tubules of nephrons

The Animal Biology, 2016, vol. 18, no. 3
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Fig. 8. Microstructure of kidneys on the 14" day of experiment in control, 1%, 2™ and 3™ experimental groups of animals;
hematoxylin and eosin staining of tissue (total magnification — 100x): a — control, b — the 1* experimental group,
¢ — the 2™ experimental group, d — the 3" experimental group; 1 — renal corpuscles, 2 — vessel wall, 3 — ascending
convoluted tubules of nephrons, 4 — few inflammation process in ascending convoluted tubules of nephrons

on the 14™ day. The absence of toxic effect on
21% day of experiment is a result of possible ad-
aptation process to repeated injections of GluLa-
DPG-PEG600 in rats. It can be explained due to
the fact that the structure of GluLa-DPG-PEG600
(nano-polymer based on glutamic amino acid) is
closely related to nature amino acids.

Conclusions

Our studies show provisionally toxic effect
of GluLa-DPG-PEG600 on rats liver and kidneys
confirmed by increased activity of ALAT, ASAT,
GGTP, ALP, high level of creatinine and local
inflammation process in convoluted tubules of
nephrons.

Studies show provisionally toxic effect
of GluLa-DPG-PEG600 which was maximal on
the 7™ day of experiment and accompanied by
the highest enzymes activity and presence of the
sites of inflammation process in ascending con-
voluted tubules of nephrons. Absence of toxic
effect on the 21 day of experiment after three
injections of GluLa-DPG-PEG600 was correlat-
ed with normal enzymes activity and unchanged
structure of rats liver and kidneys. Obtained re-
sults showed possible adaptation process in rats
to repeated injections of GluLa-DPG-PEG600
confirmed by the fact that the structure of GluLa-
DPG-PEG600 (nano-polymer based on glu-
tamic amino acid) is closely related to nature
amino acids.

The Animal Biology, 2016, vol. 18, no. 3

112



bionoria tBapun, 2016, T. 18, Ne 3

Results show possible safety of usage of
GluLa-DPG-PEG600 as a carrier of active in-
gredients of drugs for future research.

Prospects for future research. In our
future research we are planning to study immune
response of rats to repeated injections of GluLa-
DPG-PEG600. We will also investigate the influ-
ence of GluLa-DPG-PEG600 in complex with
different vaccines on animals.
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