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HISTOMORPHOLOGY OF ORGANS AND ACTIVITY OF SOME ENZYMES IN MICE
AFTER IMMUNIZATION WITH POLYMER BASED ON ACRYLICACID
OR ALUMINUM HYDROXIDE AS ADJUVANTS
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Vaccination is the best biomedical approach in avoiding diseases. Proteins and peptides purified from
microorganisms or synthesized chemically are weakly antigenic and need adjuvant to provide strong immune
responses. Many substances with adjuvant properties have been discovered, however, only aluminum compounds
stay traditionally in clinical use. The aim of this study was to evaluate biological influence on mice after immuni-
zation with a polymer of acrylic acid with adjuvant properties.

The polymer was synthesized on the basis of glycidyl methacrylate, acrylic acid, triethylene glycol meth-
acrylate and butyl acrylate. Histomorphology of the liver, kidney and spleen of white mice after subcutaneous
administration of polymer or aluminum hydroxide was investigated. It has been established that the polymer and
aluminum hydroxide did not cause changes in parenchymal organs of white mice. The structure of organs was
preserved, no pathological changes were revealed.

The activities of antioxidant enzymes — superoxide dismutase (SOD), catalase and glutation reductase (GP)
at the application of adjuvants were studied. Immunization of mice with aluminum hydroxide showed an increase in the
activity of SOD in the kidneys by 1.5 times (P<0.01), catalase in liver on 8 % (P<0.05), and GP in kidney on 30.6 %
(P<0.001). Polymer based on acrylic acid caused a decrease of SOD activity in the liver by 1.78 times (P<0.01), and
an increase of catalase activity on 10.5 % (P<0.05). At the same time, the activity of antioxidant enzymes in the
spleen and kidneys of animals after the injection of the polymer did not differ from the control group.
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Baxyunayis € naiikpawum diomeduynum nioxoo0om oasi npOGIaKmuKu iH@exyitHux 3axe60poéams. bin-
KU ma nenmuou, O4uleHi 610 MIKpOOPeaHizmie abo XiMiuHO CUHME306aHI, € c1aO0 AHMU2eHHUMU I ROMPeOYIOmb
aoeanma 0nsi 3a0e3neueHHs. CUIbHOL IMYHHOI peaxyii. Busisneno 6azamo pewosun-ao 106anmis, 00HAK auule
CHONYKU ATIOMIHII0 MPAOUYILIHO 3ACTOCO8YIOMbCS Y KITHIUHI npakmuyi. Mema 0ocnioxcentss — oyiHumu 0io-
JI02TUHULL 6NAUE HA OILIUX MuLUell NOAIMEPY AKPUI08Oi KUCIOMU, AKUL MAE a0 T08AHMHI 1ACTMUBOCTII.

Tonimep cunmesyean Ha OCHOGI 2HIYUOUTMEMAKPUTAINY, AKPUTOBOT KUCTOMU, MEMAKPULATIY MPUemuieH-
2niKono ma bymunaxpuramy. ¥ cmammi npeocmasneno Sicmomop@onociuty Xapakxmepucmuxy nedinki, HUpox
ma cene3inKu Oinux Muuiell 3a NIOWKIPHO20 86e0eHH s a0 H08AHMIE: NOIMEPY HA OCHOBL AKPUNOBOI KUCIOmU mda
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2iopokcudy amominito. Bemanoeneno, wo nonimep, sik i 2i0poxcud amomMitilo, SIKULL WUPOKO 3aCMOCO8YIOMb NPU
BUCOMOBIIEHHI 8aKYUH, 86e0eHi cniibto 3 BCA, He cnpuyuHsoms 3MiH Y NApeHXIMaAMUuYHUX OP2aHax OLux Muue.
Cmpyxmypa opeanie 30epedicena, namono2iuHux 3MiH He 8UABLEHO.

Busueno axmuenocmi enzumie anmuoxcudanmmnoeo saxucmy opeanizmy — COL, kamanazu ma I'T1 3a ymog
s3acmocysantsi a0 rosanmie. llicas imyrizayii Oinux muweil 3 SI0POKCUOOM AHOMIHIIO 6CIAHOGIEHO 3DOCAHHS (K-
musnocmi CO y nuprax y 1,5 pazy (P<0,01), kamanazu y nevinyi — na 8 % (P<0,05) ma I'Tl y nupxax — na 30,6 %
(P<0,001). 3a 3acmocysanmsi norimepy Ha 0CHO8I akpuiogoi kuciomu y newinyi akmusnicme CO/] 3nudicysanacey
6 1,78 pazy (P<0,01), a kamanazu— 3pocmana na 10,5 % (P<0,05). Boonouac axmusHicmv eH3uMié GHMUOKCUOAHN-
HO20 3aXUCTY Y CeNe3iHYl Ma HUPKAX MEAPUH, IKUM 800U ROTIMED, He GIOPI3HANACS 8I0 KOHMPOIbHUX SPYN.

Krouosi ciioa: OPTAHU MUILEWN, TTIOJIIMEP, TTIJTIPOKCHU I AJTIOMIHIIO, AKTUB-
HICTb EH3MMIB
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Baxyunayus saensemces iyuuium 6UoMeOUYUHCKUM ROOX000M 051 NPOPUIAKIMUKU UHGDEKYUOHHBIX 3a00/1e6a-
Hutl. Benku u nenmuobl, ouuwerHble U3 MUKPOOPSAHUIMOS WL XUMUYECKU CUHMESUPOBAHHbIE, SGSIOMCS CA00 aH-
MU2eHHbLIMU U MpPebyIom a0bIo8aHmMa 05l 0becneyeHUst CUTbHOU UMMYHHOU peakyuu. OOHAPYICEHO MHO20 BelecmE-
A0BIOBAHMHOB, OOHAKO MONLKO COCOUHEHUS ATIOMUHUS PAOUYUOHHO NPUMEHSIIOMCS 8 KIUHUYECKOU NPAKMUKe.
Lenv uccnedosanus — oyenums OUOTOSUYECKOE B030ECNBUE HA OETbIX MbIUIEL NOTUMEPA AKPUTOBOL KUCTIONMDL,
umerwe20 advbIoBaHMHbLE CEOLCMEA.

Tonumep cunmesuposan Ha OCHOBe IUYUOUIMEMAKPULAMA, AKPULOBOL KUCIONIbl, MEMAKPUIAMA MpU-
amuneH2uKoNs u Oymunakpunama. B cmamoe npedcmasnena 2ucmomopponocuteckas Xapakmepuchmuka newetu,
noueK u cene3eHKu Denbix Mblutell npu NOOKOICHOM 86€0eHUU A0BIOBAHMOB: NOIUMEPA HA OCHOBE AKPUNOBOU KUC-
JIOMbL U 2UOPOKCUOA ATIOMUHUSL. YCMAHOGIEHO, YMO NOTUMED, KaK U 2UOPOKCUO ATIOMUHUSL, UIUPOKO NPUMEHSIEMbILL
npu U320MoeienuU 6aKyuH, esedernble coemecmuo ¢ BCA, ne énexym uzmenenull 8 napenxuMamuyecKux opeamnax
benvix mviuen. Cmpykmypa opeanos COXpaHena, Namono2udeckKux UaMeHeHull He BblsGNEeHO.

H3yuenvl akmusnocmu 9H3uM06 anmuorkcudanmuot sauumol opearuzva — COJ, kamanaszvl u I'Tl npu npu-
MeHenuu aovioganmos. IIpu ummyHuzayuu Mvlueti ¢ 2UOPOKCUOOM WIHOMUHUSL YCMAHOGIEHO NOBbIUEHUE AKMUBHOCHIUL
CO/ 6 noukax 6 1,5 paza (P<0,01), kamanazer 8 neuenu — na 8 % (P<0,05) u I'Tl 6 noukax — na 30,6 % (P<0,001).
Tpu npumenenuu nonumepa Ha OCHose akpuiogol Kuciomwl 6 newenu akmusnocmv COJ] cnusunacey 6 1,78 paza
(P<0,01), a xamanazer — o3pocia na 10,5 % (P<0,05). B mo dtce 8pems akmugHOCMb SH3UMO8 AHMUOKCUOAHMHOT
3aWUMbL 6 CeNIe3eHKe U NOYKAX JCUBOMHBIX, KOMOPbIM 6B00UTU ROTUMED, HE OMIUYALACH OM KOHMPOIbHbIX ZPYIN.

KmioueBbie ciosa: OPTAHBI MBIIIEN, ITOJIMMEP, TUJIPOKCUJT AJIJIOMUHM S, AK-
TUBHOCTb OH3MMOB

Vaccination is the one of the main meth- over the past 80 years, only aluminum compounds
ods for the specific prevention of infectious dis- (aluminum hydroxide and aluminum phosphate)
eases. The disadvantage of vaccination is the use are widely used in vaccines [13]. These alumi-
of pathogens (live or attenuated viruses and bacte- num compounds, like adjuvants, have a number of
ria) that can lead to the development of the disease. disadvantages, including the causation of allergic
Many compounds with adjuvant properties have reactions [8], the development of Alzheimer’s dis-
been experimentally investigated [2]. However, ease [9], and others. In preclinical studies, polymer-
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ic nanoparticles of varying composition and size
[1,5, 10, 12] were often used as antigen carriers.
In previous studies, we established the better adju-
vant properties of a polymer of acrylic acid, com-
pared to that of aluminum hydroxide [5]. Subcu-
taneous injections of the investigated polymer did
not lead to visible damage in animals throughout
the observation period. There was no swelling and
redness at the site of immunization, the hair of ani-
mals remained dense and with glare, the weight of
the animals remained stable. There were no lethal
cases among the tested animals.

The purpose of this work was to study the
influence of an acrylic acid-based polymer on the
morphological characteristics of the liver, kidneys
and spleen of white mice.

Materials and methods

The studies were performed on white
non-linear mice Mus musculus (analogues by age
and live weight) in accordance with the European
Convention for the Protection of Vertebrate Ani-
mals (Strasbourg, 1986).

Animals at age 5 months were divided into
3 groups with 5 mice in each group. Mice of the
I* experimental group were subcutaneously injected
with 100 pl of a polymer solution (1.5 mg/mouse)
and bovine serum albumin (BSA) at a concentra-
tion of 100 mg/ml, in a volume ratio (1:1). Mice
of the 2" experimental group were injected with
a solution of 80 mg/ml of aluminum hydroxide
(Sphera Sim, Ukraine) with BSA at concentration
of 100 mg/ml, in a volume ratio (1:1). Control mice
were injected with 100 pl of a 0.9 % solution of
sodium chloride. Immunization was performed on
the 1%, 14" and 28" day. The solutions were steril-
ized by autoclaving. The polymer was synthesized
via the dispersion polymerization of a monomer
mixture in heptane (LobaChemie, India), azoisobu-
tyronitrile (AIBN, Merck, Germany) was used as
initiator (5 % per monomers). Glycidyl methacry-
late (GMA), butyl acrylate (BA), acrylic acid (AA),
and triethylene glycol dimethacrylate (TGMDMA)
were used to obtain the microsized structure. Com-
position of monomer mixture during synthesis:
10 % of GMA, 15 % of BA, 1 % of TGMDMA
and 74 % of AA. Polymerization was carried out
in flat bottom dilatometers or reactors at stirring for
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six hours at 70+0.2 °C pre-filled by argon. Polymer
was separated and washed to remove the unreacted
monomers.

One week after the last injection, animals
under anesthesia (chloroform, Sphere Sim, Ukra-
ine) were decapitated by cervical dislocation.

For histological studies the liver, spleen
and kidneys were taken in the size 0.2-0.3 cm
were fixed in 10 % formalin solution. Rinse, de-
hydration and formation of paraffin blocks were
carried out according to the standard method.
Sections with a thickness of 7 um were made on
a Microm HM 340E microtome and stained with
hematoxylin-eosin [4].

The activity of enzymes superoxide dis-
mutase (SOD), catalase, glutathione peroxidase
(GP) was determined in organ homogenates. In par-
ticular, the activity of SOD was determined by
a method where principle is to restore nitrotetrazo-
lium by superoxide radicals and expressed it in unit
units per 1 mg of protein [7]. The activity of GP
was determined by the rate of oxidation of reduced
glutathione and expressed in umol/ml-min [7].
The activity of catalase was determined by the abil-
ity of hydrogen peroxide to form a stable colored
complex with molybdenum salts, expressed in
pmol/ml-min [7].

Statistical calculations of results (M+m)
were performed using the Microsoft Excel 2007
computer program. The probability of differenc-
es was determined by the Student’s t-criterion.

Results and discussion

We obtained copolymer with 14 % of
GMA, 12 % of BA, 4 % of TGMDMA and 70 %
of AA after process of synthesis. Among particle
size was 0.49 um from TEM image. Hydrody-
namic diameter of particles (from the research of
the DLS) was 0.64 um and Z-potential — 49 mV.
In our previous studies, we established the ad-
juvant properties of polymer of acrylic acid [6].
Adjuvant properties of the polymer were com-
pared to aluminum hydroxide, which is a compo-
nent of many traditional vaccines. Experimental
polymer was a stronger adjuvant because it led
to an increase of specific antibodies against BSA
by 2 times. A necessary stage of developing new
drugs is preclinical testing on laboratory animals.



The Animal Biology, 2018, vol. 20, no. 1

Fig. 1. Microstructure of the spleen of white mice. a — control; b — polymer; ¢ — aluminum hydroxide;
1 — capsule; 2 — lymphatic follicle. Hematoxylin-eosin, x100

Fig. 2. Microstructure of the liver of white mice. a — control; b — a polymer; ¢ — aluminum hydroxide;
1 — hepatocytes; 2 — a vein filled with erythrocytes. Hematoxylin-eosin, x100

It is important to look into the morphology of or-
gans under the action of a prototype drug to study
the negative effects of drugs on the body.

We studied the structure of the spleen, liver
and kidneys. It was established by macroscopic
observation that the spleen of the control and ex-
perimental groups of mice hsd elastic consistency
and was sickle shaped. During the microscopic
examination in mice of the control group, cap-
sules with trabeculaes, white and red pulp, trabec-
ular veins and arteries, and lymph nodes (fig. 1)
are clearly visible.

The thinning of trabeculaes (fig. 1c) was
established in mice after the immunization with
aluminum hydroxide. Trabecular veins and arteries
were poorly differentiated. We found an increase
in the number of red blood cells, platelets, mono-
cytes and lymphocytes in the red spleen pulp un-
der the action of aluminum hydroxide. Under the
action of a polymer (fig. 1b), white pulp is poorly
developed.
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The macroscopic structure of the liver of
the both control and experimental groups was of
solid consistency, and reddish brown in color.
It was observed microscopically that the struc-
ture of the organs both of the control and ex-
perimental groups were saved.

The cytoplasm of hepatocytes is in homo-
geneous color, the nuclei are clearly visible (fig. 2).
Chromatin in the nuclei is localized predominantly
on the periphery. The remains of erythrocytes are
found in the veins. Structural and pathological
changes in any of the experimental groups were
not observed.

Macroscopic examination of the kidneys
of mice in the control and experimental groups
found that the organs had solid consistency and
a reddish-brown color. On the slices of the organs
the renal cortex and renal medulla are clearly dis-
tinguished (fig. 3).

The structure of the kidney tissue is pre-
served. There are no hemorrhages, the tubular
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Fig. 3. Microstructure of kidney of white mice. a — control; b — polymer; ¢ — aluminum hydroxide;
1 — vascular glomerulus; 2 — vessels with red blood cells. Hematoxylin-eosin, X100

epithelium has not changed, lumen is well visible
and the vascular glomerulus is normal size (fig. 3).
Vessels are moderately blood-filled and the epi-
thelium is without visible changes.

Since the polymer contains a large number
of peroxide groups, it can act on the antioxidant
protection system. In our previous studies, there
was a decrease in the content of lipid hydroperox-
ides in the liver at the action of both a polymer of
acrylic acid and aluminum hydroxide [11], indi-
cating an effect on cellular metabolism. Interaction
with reduction of activity of SOD and catalase and
destruction of pulmonary tissue was established in
the experimental models of acute pneumonia [3].
Therefore, activity of enzymes antioxidant protec-
tion in the liver, kidneys and spleen of mice was
determined (table).

SOD activity increased in the kidneys by
1.5 times (P<0.01), catalase — on 8 % (P<0.05)
in liver, and GP — on 30.6 % (P<0.001) in the
liver after the immunization of mice with alumi-
num hydroxide. Under the influence of the poly-
mer, based on acrylic acid, the activity of SOD

decreased in the liver by 1.78 times (P<0.01), and
catalase increased on 10.5 % (P<0.05). The de-
tected decrease in SOD activity could be due to
the increase in the concentration of H,O,, which
is a product of the catalyzed reaction and at the
same time is its inhibitor, as well as a substrate
for catalase and GP [14]. Therefore, we have es-
tablished the growth of catalase activity in liver.
It also agrees with the absence of destructive
changes in the liver after the use of the polymer
as adjuvant. At the same time, the polymer did not
cause changes in the activity of the investigated
enzymes in the spleen and kidneys. The obtained
data are consistent with the results of histomor-
phological analysis. The pathology of organs is
detected when the activity of antioxidant enzymes
is significantly reduced [3].

Consequently, based on performed histo-
logical studies, it was found that the structures of
the kidneys and liver were without pathological
changes in animals after immunization with both
aluminum hydroxide and polymer. In the tis-
sue of the spleen, due to the action of aluminum

Table

Activity of enzymes of antioxidant defense in tissues of mice

Animal groups
Enzyme Organ Control 1% esperimental 2nd experimental
(polymer+BSA) | (aluminum hydroxide +BSA)

Liver 24.1+5.01 13.544.01%* 26.03+5.12

SOD, conditional units/mg of protein | Kidney 16.1£1.52 15.3£2.02 24,543 2%%*
Spleen 21.943.15 24.6+5.01 23.3+4.2
Liver 4.0+0.21 4.440.11* 4.340.11*

Catalase, pmol/ml min Kidney 2.6+0.13 2.5+0.25 2.5+0.21
Spleen 3.5+0.21 3.7+0.47 3.4+0.36
Liver 4.6+0.06 4.1£1.37 6.0£1.01%**

GP, umol/ml min Kidney 1.5+0.09 1.4+0.06 1.3+0.41
Spleen 2.2+0.1 2.4+0.55 1.7+0.33
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hydroxide, the trabeculaes were insignificantly
thinner, and the effect of the polymer was in the
weaker development of white pulp. The results of
the study of enzymatic activity of SOD, GP and
catalase confirm the assumptions about the ac-
tion of adjuvants on cellular metabolism, namely
activation of the antioxidant defense process.

Conclusions

1. Histological studies have established
that immunization both with aluminum hydrox-
ide and the newly synthesized polymer acrylic
acid-based does not cause damage of the liver,
kidneys, and the spleen.

2. An activation of enzymes of antioxi-
dant protection of SOD in kidneys, GP and cata-
lase in liver after immunization with aluminum
hydroxide, as well as growth of activity of cata-
lase after the action of a polymer was observed.

Prospects for further research. Inves-
tigation of the influence of polymer on the or-
ganism of animals in order to create an effective
and safe prophylactic agent will be studied.
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