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Aim of the work was to investigate the suspended Cg,-fulleren effect on liver and pancreas
state under intraperitoneal and intragastrial administration on rat experimental cholangitis
model. Acute cholangitis was simulated by a single ingestion of a-naphthyl isothiocyanate —
ANIT. Cgo-fullerene aqueous colloid solution (C4zFAS, 0.15 mg/ml) was administered to
animals at a volume containing C4y-fullerene at a dose of 0.5 mg/kg body weight in 24 and 48
h after ANIT administration. After 72 hof the experiment, the animals were euthanized.
Blood serum ALT and AST activities were measured, the liver and pancreas states were
analyzed by light-microscopy level. It was found that intragastrial and intraperitoneal
administration of C4zFAS contributes to the correction of negative effects in the liver and
pancreas caused by the induction of acute cholangitis. This was proved by the normalization
of ALT activity, reduction of pancreatic parenchymal edema and liver fibrosis, and increased
blood flow in these organs. Application of C4FAS could improve the state of the liver and

pancreas under acute cholangitis in rats.
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Primary sclerosing cholangitis (PSC) is
a chronic cholestatic disease characterized
by intrahepatic and extrahepatic bile ducts
inflammation,obliteration and fibrosis
[1], resulting in biliary cirrhosis, portal
hypertension and hepatic failure. The etiology
of PSC is unknown. Genetic predisposition
(in particular hla b8, dr3, drwb52) [2] and
environmental factors, including bacterial
and viral infections, are considered to be risk
factors. Most often this pathology is associated
with autoimmune diseases (primary biliary
cirrhosis, rheumatoid arthritis, autoimmune
hepatitis, systemic sclerosis, systemic
lupus erythematosus, cystic fibrosis) and
inflammatory bowel disease (70—-80% of cases).

PSC-prognosis is extremely unfavorable
due to following complications: portal

66

hypertension accompanied by bleeding and
functional renal insufficiency (hepatorenal
syndrome), spontaneous bacterial peritonitis,
chronic cholestasis accompanied by weakness,
itching, steatorrhea, deficiency of fat-soluble
vitamins (A, D, E and K ) and osteoporosis.
Specific complications of PSC include bacterial
cholangitis (15-35%), cholelithiasis (25—
56%), chronic pancreatitis (20-23%) and
cholangiocarcinoma (6—18%). The survival
rate of patients in the last case does not exceed
12 months[1].

PSC-therapy is symptomatic and includes
medications for treatment itching and jaundice
(choleretics, sorbents), antibiotics (for the
treatment of infections), diet and vitamin
supplements, immunosuppressants and anti-
inflammatory drugs. The only effective method
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Fig. 1. Cgq fullerene (a), AFM image (tapping mode) of Cg, fullerene particles on the mica surface: arrows
indicates the height of individual nanoparticles (b)

for PSC treating is liver transplantation, but
PSC relapse after transplantation occurs in
15-20% of patients, and the 5-year survival
rate is only 66—72% [3].

PSC, as any inflammatory disease,
is accompanied with oxidative stress,
increased levels of lipid peroxidation
products and antioxidants deficiency.
Therefore, the use of the latter is promising
to correct at least the disease symptoms,
remaining, however, beyond the attention of
researchers. Numerous studies have shown
the anti-inflammatory effects of natural
antioxidants (vitamins, minor amino acids,
polyunsaturated fatty acids, plant extracts)
in vitro, but effectiveness of those in in vivo
systems is highly questionable. On the other
hand, artificial compounds, in particular
fullerene, have clearly defined properties and
are involved in a number of cellular processes
[4—-9], which determines their selective action
and a more pronounced therapeutic potential.
Cgo-fullerene can effectively scavenge free
radicals and thus act as antioxidants [10,
11], revealing anti-inflammatory properties
[12, 13].They are non-toxic in in vitro and
in vivo systems acting in physiological
concentrations [6, 8, 14] and are capable to be
accumulated in the liver [15]. The last makes
them very attractive for direct impact on this
organ. Thus, Cg,-fullerene may be considered
as potential therapeutics for effective
prevention and treatment of liver diseases
associated with oxidative stress.

Given the foregoing, the aim of the study was
to investigate the morphofunctional state of the
liver and pancreas in rats received suspended
Cgo-fullerene under a-naphthyl isothiocyanate-
induced acute cholangitis condition.

Materials and Methods

The studywas conducted on 32 white
outbred male rats with an average body mass
198 = 10 g, which were kept under standard
vivarium conditions. All experiments were
conducted in compliance with bioethics
principles, legislative norms and provisions of
the European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, 1986),
General Ethical Principles for Experiments
on Animals, adopted by the First National
Bioethics Congress (Kyiv, 2001), and approved
by an institutional review committee (protocol
Ne 2 dated April 25, 2017, ESC “Institute of
Biology and Medicine” of Taras Shevchenko
National University of Kyiv).

Acute cholangitis was simulated by a single
ingestion of a-naphthyl isothiocyanate (ANIT,
Sigma, USA) at a dose of 100 mg/kg dissolved
in sunflower oil (total volume of 0.1 ml).
ANIT is a hepatotoxin which depending on
dose and duration of administrationcauses
liver damage, such as intrahepatic
cholestasis, acute cholestatic hepatitis,
sclerosing cholangitis, biliary fibrosis and
cirrhosis [16]. The mechanism of action of
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this toxicant is associated with a specific
lesion of the epithelial cells of intralobular
bile ducts. Cholangiocytes’ injury causes
bile ducts obstruction with detritus or cells
excessive growth with subsequent sclerotic
degeneration resulting in bile flow stop and
periportal inflammation [16]. The systemic
result is blood serum and urine bilirubin
increase (mainly due to directbilirubin)
and serum aminotransferases and alkaline
phosphatase activity raise, which corresponds
to the biochemical manifestations of acute and
chronic sclerosing cholangitisin humans.

A highly stable pristine Cgy-fullerene
aqueous solution (CgFAS) with purity of
more than 99.95% has been prepared and
characterized according to [17, 18]. Briefly,
this method is based on transferring Cg,-
fullerene from organic solution into the
aqueous phase by ultrasonic treatment. The
maximal concentration of Cgy-fullerene in
water was 0.15 mg/ml. Themorphological
state of Cgo-fullerene in aqueous solution was
monitored using atomic force microscopy
and measurement of small-angle neutron
scattering (Fig. 1) [19]. Concentrated Cgy-
FAS contained both single Cg, moleculesand
their nanoparticles (aggregates) with sizes of
1.2-100 nm which is in agreement with our
previous results [17, 20].

Animals received C60FAS intraperitoneally
or intragastrially in a dose equal to 0.5 mg / kg
body weight Cg4-fullerene in 24 and 48 h after
ANIT administration. All manipulations
with the animals in comparison groups were
conducted similarly to the animals of the
experimental ones, including the appropriate
solutions administration. There were 4
experimental groups (n = 8): 1 — control;
2 —acute cholangitis; 3 — cholangitis and
CeoFAS intraperitoneal administration;
4 — cholangitis and Cg4FAS intragastrial
administration. Since the effect of C4)FAS on
healthy animals has been studied and described
in our previous studies [9, 21], we did not
include the description of groups of healthy
animals receiving CgzFAS in the current
manuscript.

In 72 h after the start of the experiment
the animals were killed by inhalation of CO,
and subsequent cervical dislocation.The
blood for biochemical analysis was collected
immediately after the sacrifice from the
femoral vein, left for 20 min to form a
clot and then centrifuged 8 min at 1000 g.
Activities of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were
determined in blood serum using standard
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reagent kits (Filisit diagnosis, Ukraine) and
expressed in pmol sodium pyruvate per ml of
blood serum per h.

The fragments of liver and pancreas were
harvested immediately after the sacrifice
and fixed in Bouin mixture for 14 days for
histological assay. Then, they were embedded
into paraffin, sliced into 5 m sections, stained
with hematoxylin and eosin [22] and examined
under the light microscope (Olympus BX-
41, OlympusEuropeGmbH, Japan). Liver
centrilobular and periportal zones, exocrine
and endocrine part of the pancreas were
assessed separately.

Statistical processing of data was carried
out using one-way analysis of variance
(ANOVA) with the Tukey post hoc test [23].
The difference between compared groups was
considered significant at P <0.05.

Results and Discussion

The yellowness of the peritoneum and
mucous membranes resulting from the
accumulation of bilirubin in plasma blood
and tissues, edema and liver granularity
suggesting the micronodular fibrosis were
observed atthe autopsies ofall animals
from the cholangitis group (group 2). On
liver micropreparations (Fig. 2, B) one can
see fibrotically alteredportal tracts with
surrounding cellular inflammatory infiltrate,
sites with violation of the parenchymal
limiting plate and portal-portal linking septs,
suggesting the acute cholangitis. Atrophic
and degenerative changes in the bile duct
epithelium and somebile ducts replaced by
fibrous cords (scars) were observed. Lymphoid
follicles and fibrotic loci were detected in
parenchyma. Also, thrombosis of some blood
vessels including central veins, sinusoids
dilation and a marked increase in the number
of leukocytes in vessels were detected. Blood
serum ALT and AST were higher than those in
control group (by 81% and 75% respectively)
(Fig. 3) indicating cytolysis of hepatocytes and
cholestasis, which may be the result of bile
ductsobstruction.

The pancreas of rats in this grouprevealed
significant structural changes (Fig. 4, B):
largeareas ofsecretory acinidestruction;
dystrophic changes of acinar tissue; cellular
and intercellular edema, which sometimes
caused the destruction of both individual
pancreatic cells and whole acini; cytoplasm
zonation loss in pancreatic cellsfrom
areas with destroyed structure. Observed
changes could indicate a violation of
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pancreaticexocrine parenchyma functional
state and the development of acute
pancreatitis. The gland microcirculatory
also underwent changes: there was a stasis
and sometimes expressed thrombosis of
small blood vessels, sinusoid hemocapillaries
dilation and sometimes microtrombosis.
The pancreatic endocrine apparatus
wasn’t changedsignificantly,pancreatic
endocrinocytes did not differ from control
ones.

In rats received C60FAS (groups 3 and
4) the jaundice of mucous membranes and
peritoneum was less pronounced compared
to non-treated animals (group 2), but liver
edema and micronodular fibrosis persisted
(Figs. 2, C, D). The area of the liver fibrotically
altered parenchyma was smaller compared
to non-treated animals, portal-portal linking
septsweren’t detected. However, necrotic
loci and loci of hypereosinophilic cells were
observedin fibrotically altered sites. Also
blood vessels overflow was markedly higher
compared to control, sometimes even blood
stasis occurred. Occasionally zones with
dark inclusions were detected, which might
be caused by Cg, fullerene accumulation. It
should be noted, that rats received Cg,FAS
intragastrially (group 4) demonstrated
significantly less expressedsigns of periportal
inflammation in comparison with those

Fig. 2. Micophotgraphs of liver

received Cg4oFASintraperitoneally (group 3).
Manifestations of necrosis in fibrotically
altered sites in this group also were less
common and less frequent compared to group
3. ALT activity was restored to control values
in rats received C4,FAS by both ways, although
AST activity remained unchanged (Fig. 3),
which mightindicate partial persistence
of cholestasis. Thus, C4FAS inhibited the
symptoms of acute cholangitis but did not
prevent hepatocyte cytolysis completely.

Blood stasis in small vessels, wall
thickening and edema of middle blood vessels
were revealed in the pancreas of animals
received C4,FAS (Figs. 4, C, D). The vast
majority of exocrine pancreatic cells had
a normal structure, although there were
occasional sites with signs of acinus dystrophy
and cells with cytoplasmic vacuolation. The
cytoplasm of most cells was clearly delineated
into basophilic and acidophilic zones, the
nuclei had a rounded form, indicating the
normal functional activity of the cells.
The endocrine part of the pancreas did not
undergo significant changes. However,
significantly greater interacinar edemawas
detected in animals received CgzFAS
intraperitoneally compared to those received
CeoFAS intragastrially. Summarizing, C4oFAS
contributed to mitigate of pancreatic injury
due to ANIT-induced acute cholangitis.

A ; a

ed with C6OFAS:

control (A), acutecholangitis (B), cholangitis+CgoFAS intraperitoneal (C) and intragastrial (D) administra-
tion. Hematoxylin-eosin staining, X100 magnification; the arrows indicate fibrotically altered portal hepatic
tracts with surrounding diffuse cell inflammatory infiltrate
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Fig. 3. Blood serum ALT and AST activities of rats experienced acute cholangitis and treated with CgoFAS:
control (1); acute cholangitis (2); cholangitis+CgoFAS intraperitoneal (3)
and intragastrial (4) administration;
*P <0.05 compared to control, #P < 0.05 compared to acute cholangitis group

One of the mechanisms involved in the
pathogenesis of PSC is an abnormal immune
response, which leads to the activation of
auto-reactive T and B lymphocytes and
the subsequent production of numerous
inflammatory mediators [24]. As a result,
the liver undergoes significant destructive
impacts of, in particular, excessive amounts
of bile acids (having detergent properties),
toxins, inflammatory mediators, autoimmune
complexes. This eventis the cause of oxidative
stress development [25]. Thus, patients with
PSC demonstrate significantly increased lipid
and protein peroxidation, cholesterol auto-
oxidation and downregulation of antioxidant
defense system [26—28]. In addition, ANIT-
induced liver damage in rats (a valid model of
human sclerosing cholangitis) is accompanied
by oxidative stressdevelopment and is widely
used to study hepatoprotective efficacy of
different compounds including ones possessing
antioxidant properties [29-31].

Biliary pathology is the most common
cause of acute pancreatitisand exacerbation
of chronic one. The main mechanism of biliary
pancreatitis is bile influx into the pancreatic
duct (due to the pressure difference in common
bile duct and pancreatic duct under the biliary
hypertension) with subsequent interactionof
bile with pancreatic enzymes and bacteria.
Hence, the release of bound bile acids and the
activation of pancreatic enzymes immediately
in the pancreatic duct systemoccur. As a
result, its protective barrier is damaged and
the parenchyma of the gland is affected.
Based on clinical and pathological studies the
association of PSC with pancreatic disease
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was proven [32], and the joint autoimmune
component of both diseases was noted [33].

Cgo-fullerene is a molecular form of carbon
having a spheroidal structure. Due to the
presence of n-conjugated double bonds between
hexa- and pentagonal structures on the
surface, Cgp-fullerene is capable to scavenge
reactive oxygen species (ROS) effectively
[4, 11, 14]. Its unique properties include
strong electron acceptor activityand high
polarization and hydrophobic ability, which
enables them to effectively bind free radicals
not only in the extracellular space, but also
penetrate into the cell [5, 10, 34]. Hence, Cgq-
fullerene are capable not only to scavenge free
radicals directly [10], but also to be involved
in the regulation of intracellular signaling
pathways associated with ROS overproduction
[4, 11]. An important feature of Cgy-fullerene
is its relatively low toxicity [11], non-
immunogenicity [4] and the ability to be
accumulated in liver [6, 15], which makes this
compound attractive for selective impacton
liver and treatment of this organ’s diseases
associated with oxidative stress. In addition,
the ability of Cgy-fullerene to suppress
colonic inflammation under systemic and
topical application and to correct its systemic
effects [9], to prevent the development of
toxic hepatitis [12] and to realize antitumor
properties [10] were demonstrated in many
studies.

One of the leading roles in the development
of autoimmune inflammation belongs to
oxidative stress. The last is accompanied by
a violation of the pro-and antioxidant balance
and overproduction of ROS and reactive
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Fig. 4. Microphotographs of pancreasof rats experienced acute cholangitis and treated with Cg,FAS:
control (A); acutecholangitis (B);cholangitis+Cg,FAS intraperitoneal (C) and intragastrial (D) administration.
Hematoxylin-eosin staining, x400 magnification; the arrows indicate acinar cellsedema andcytoplasm zona-
tion loss (B), interacinar edema (C), blood vessels overflow (D)

nitrogen species. The consequence is the
initiation of cell phagocytosis and apoptosis
leading to tissue damage and intracellular
autoantigensrelease, which in turn results in
the production of autoantibodies. In addition,
the oxidative modification of macromolecules,
in particular DNA, in apoptotic cellsleads to
the formation of new epitopes, which causes
the production of a wide range of polyspecific
autoantibodies and the escalation of the
autoimmune response process [34, 35].

As mentioned above, most researchers
suggest the autoimmune cause of PSC[36, 37],
therefore it is logical and reasonable to assume
the efficacy of antioxidant use for correction
at least the diseasesymptoms. Therefore, we
suppose that C4oFAS suppressed the symptoms
of acute cholangitis and pancreatitis precisely
because of its antioxidant properties. Indeed,
the only drug approved for the treatment
of PSC—-ursodeoxycholic acid—possesses
antioxidant properties and normalizes the
content of reduced glutathione in liver
tissue and blood serum by activating of
y-glutamylcysteinesynthase [38], which in
turn can cause a positive systemic effect
on the organism and particularly on the
pancreas. In addition, in our previous studies
we demonstrated the ability of Cgy-fullerene

to suppress lipid and protein peroxidation
and to upregulate the antioxidant enzymes in
liver under an inflammatory process in the
organism [9].

It should be noted that intragastrial
administration of Cgy-fullerene in a
dose of 10 mg/kg body weight causes
an increase of CYP 2B1 enzyme activity
in liver, reduces serum blood uric acid,
increases serum blood urea and enhances
the small intestinal wallpermeability for
macromolecules [39]. This can testify the
occurrence of some local and systemic
toxic effects of the chemical in case of its
ingestion. This fact might be an explanation
of more expressed positive effect of C4FAS
intraperitoneal administration on liver
and pancreascompared to intragastrialone.
In addition, incomplete absorption of Cg,-
fullerene in the gastrointestinal tract
might occur, and, correspondingly, a
lower dose of the compound enters into the
systemic circulation. This assumption may
be confirmed by the data of low absorption
of Cgp-fullerene from the gastrointestinal
tract [36] and by information of the
dose-dependent mannerof Cgy-fullerene
hepatoprotective activity when realized due
to their antioxidant properties [14].
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Consequently, C4oFAS when administered
intragastrally or intraperitoneally could
correct the negative effects of ANIT-induced
acute cholangitis on liver and pancreas. The
prove is the normalization of blood serum ALT
and diminishing of pancreatic parenchyma’s
edema and liver fibrosis.
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TA AMIHOTPAHC®EPA3HY
AKTHBHICTH CHPOBATKH KPOBI II[YPIB
3A TOCTPOI'O XOJIAHTITY
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MeToio poboTu OyJO OOCHIZUTU BIJIUB
Ceo-bynepeny Ha MopdoJsOTriyHNI cTaH MHediH-
KM Ta OiANIJIYHKOBOI 3aJI03U 3a iHTpamepuro-
HeaJIbHOTO Ta iHTparacTpaJbHOTO BBEJEHHSA Ha
MOJeJIi eKCIepUMeHTaJIbHOT'0 XOJaHTiTy ITypiB.
TocTpuit xonaHTiT BiATBOPIOBAJIM OJHOPA3OBUM
iHTparacTpaJbHUM BBeIEHHAM O-Ha(TUJI-i30-
riomianaty — ANIT. BogHuii KoJaoigHUNA PO3-
unH Cgo-dynepeny (CgFAS, 0,15 mr/mu)
BBOJUJIM TBapuHaM B 00’eMi, eKBiBaJeHTHOMY
kinmpkocTi Cgy-dyseperny Ha 0,5 Mr/Kr macu Tina,
uepes 24 Ta 48 rop micaa sBegenns ANIT. Uepes
72 rop IicJIs IoYaTKYy QOCIily TBapUH IIiAgaBaIu
eBTaHasii. ¥ KpoBi TBapMH BUMipIOBaIu piBeHb
AJIT ta ACT. Ileuiuky i migIIyHKOBY 34103y
aHaJidyBaJam Ha cBiTiaoonTuuHOMY piBHi. Bera-
HOBJIEHO, III0 iHTparacTpajJbHe Ta iHTPAIEepPUTO-
HeanbHe BBesleHHA Cgq FAS cripuse xopexrmii He-
raTUBHUX e(eKTiB y MeuiHIi Ta migmayHKOBii
3aJ1031, COPUYMHEHUX iHIYKI[i€I0 TOCTOTO XOJIaH-
rity. CBifueHHAM IILOTO € HOpMAJisallisg piBHA
akTuBHOCTI AJIT, 3MeHIIIeHHA HAOPAKY MMapeHXi-
MU TiAILIYHKOBOI 3a03u i hi6posy meuinku, a Ta-
KOXX IMOCUJIEHHA KPOBOHAIIOBHEHHS ITNX OPTaHiB.
3acrocyBanHa CgoFAS mosuruBHO BnimBae Ha
MOP@OJIOTIUYHUI CTAaH HMeUiHKMW i migmIyHKOBOI
3aJ103U y IIYPiB 3 IHAYKOBAHUM I'OCTPUM XOJaH-
riTom.

Karouwosi cnosa: Ceo-(pyaepeH, rOCTPUIL XOJAHTIT.
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ITenbro paboThl OBITIO MCCIAEAOBATH BIUAHUE
Ceo-bynnepeHa Ha MopdOJIOrnYECKOEe COCTOAHUE
IeYeHu U MO/PKe Iy I0UHOI JKeJie3hl IIPU NHTpalle-
pHUTOHeaJIbHOM U MHTPAracTpaJbHOM BBEJeHUU Ha
MOJeJU 3KCIePUMEHTAJIbHOTO XOJAHTUTA KPHIC.
OCTpBIA XOJIAHTUT BOCIIPOM3BOAUIN OSHOKPAT-
HBIM MHTParacTpajbHbIM BBeIeHUEM O-Ha(TUII-
unzotuonuanara — ANIT. BoagHbI#l KOJIIOUIHBIN
pactBop Cgo-bynnepena (CgqoFAS, 0,15 mr/mur)
BBOIUJIU KUBOTHBIM B 00hbeMe, 9KBUBAJIEHTHOM
koaudectBy Cgo-pysnneperna ma 0,5 Mr/Kr mac-
cuI TeJia, uepes3 24 u 48 u mocJe BBemernusa ANIT.
Yepes 72 u mocJie Hayaja OIIbITA JKUBOTHBIX IO/I-
Bepraju dBTaHA3UU IIyTeM I€PBUKAJIBHON JuC-
JIOKAIIUU II0CJIe aHecTe3uu. B KPOBU KUBOTHBIX
uamepsanu yposeHb AJIT u ACT. Ileuens u mona-
JKEeJIYZOUHYIO JKeJie3y aHAJIM3UPOBAJIU Ha CBETO-
OIITMYECKOM YPOBHE. ¥ CTAHOBJIEHO, UTO MHTPA-
racTpajbHOE U MHTPAIepUTOHeaJIbHOE BBeJeHIe
CeoFAS cmocobcTByeT KOppeKI UK HeraTUBHBIX
2 dEeKTOB B IEUYeHU U MOKeJYIOUHOU KeJe-
3e, BRIBBAHHBIX UHAYKIIUEN OCTPOTO XOJIAHTUTA.
CBUIETEIHECTBOM 9TOTO SABJIAECTCA HOPMAJIN3AI U
ypoBHs akTusHOCTH AJIT, yMeHbIIIeHe OTeKa IIa-
PEHXUMBI IO KTy IOUHOI sKeie3nl 1 hubposa me-
YeHU, a TAKKe YCUJIeHre KPOBEeHAIOJIHEeHU A 9TUX
opranos. IIpumenenue Cg FAS mosoxurenbHO
BJIMAET HA MOP(OJIOTUYECKOE COCTOAHUE TIEUEHHU
U TOAKeJIYIOUHOM KeIe3hbl Y KPbIC ¢ MHIYIIUPO-
BaAHHBIM OCTPBIM XOJAHTUTOM.

Knwuesvie cnoea: Ceo-QpynanepeH, OCTPBIH
XOJIaHT'UT.





