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Abstract

In this study, a combination of interlocking nailing and uniplanar bilateral acyrlic external
fixators has been used in the treatment of dogs with diaphyseal tibial fractures. Via this method,
it is both aimed to prevent possible implant failures due to the potential of high stress
accumulation in the distal and proximal parts because of the design of interlocking pins and
also is aimed to reduce the risk of functional recovery losses due to instability caused by
torsional and bending forces because of weight bearing in the postoperative period. The study
material involves 6 dogs. Each case was treated using 6 mm interlocking pins of various
lengths and 2-2.5 mm half and full Steinmann pins. Radiographs were taken on the
postoperative 10th, 30th, 45th days and clinical follow-up period was ended on 45th day.
However, postoperative follow-up period of case no 5 has continued until day 58 due to
infection. As an alternative to intramedullary nailing, interlocking pins has resulted in success
when combined with external fixators. Interlocking pin and acrylic external fixation
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combination technige can be considered as an alternative method as it prevents instability that
can be caused by using only interlocking nailing, and as it provides a rapid healing.

Képeklerde Karsilasilan Tibia Kiriklarimin Interlocking Pin ve Akrilik Eksternal Fiksator Kombinasyonu ile Sagaltim:
Ozet

Bu ¢alismada, kipeklerde meydana gelen diyafizer tibia kiriklarimin sagaltiminda interlocking pin ve uniplanar bilateral akrilik
eksternal fiksatorlerin kombinasyonu kullanilarak, interlocking pinlerin dizaynindan dolay:, pinin distal ve proksimalinde yiiksek
stres biriktirme potansiyelinden dolay: olusmas: muhtemel implant hatalarinin oniine gegmek ve postoperatif erken donemde ilgili
ekstremiteye agirlik verilmesiyle olusan torsiyonel ve biikiilme kuvvetlerinin yol actig: instabiliteye bagli olarak fonksiyonel iyilesme
kayplarimin olugma riskini azaltmak amaglandi. Calisma materyalini, travma sonrasi, ilgili arka ekstremitesini kullanamama
sikayetiyle getirilen, yapilan Klinik ve radyolojik muayeneler sonrasinda tibiasinda kurik tespit edilen 6 kopek olusturdu. Sagaltim i¢in
farkli uzunluklarda 6 mm ¢apinda interlocking pinler, 2 ve 2,5 mm ¢apinda yarim ve tam pin olarak Steinmann pinleri, akrilik ve
icine enjekte edilip akrilige sekil verebilmesi icin 9 mm endotracheal tipler kullanildi. Postoperatif 10., 30., ve 45. giinlerde
radyografiler alind:, klinik takip szireci 45. giinde sona erdirildi. Ancak olgu no 5’in postoperatif takip siiresi, gelisen enfeksiyondan
dolay, 58. giine kadar devam etti. Intramedullar pin uygulamalarina alternatif olusturan interlocking pin ile sagaltim teknigi,
eksternal fiksatorlerle kombine edilerek kullanildiginda basarili sonuglar vermigtir. Interlocking pin ve akrilik eksternal fiksator
kombinasyonu ile sagaltim teknigi, interlocking pin ile sagaltim tekniginin tek basmma kullamilmasindan dolayr olusabilecek
instabilitenin oniine gegilmesi ve iyilesmenin hizli bir sekilde saglanmast agisindan alternatif bir tedavi yontemi olarak diisiiniilebilir.

Anahtar kelimeler: Akrilik eksternal fiksator, interlocking ¢ivileme, tibia, osteosentez.

Introduction

stability and a balanced preservation of the
surrounding soft tissues. External fixator and
interlocking nails can also be used in biological
osteosynthesis applications (Goett et al., 2007,
Piorek et al., 2012).

Interlocking nailing is an internal fixation method
which is used especially in diaphyseal fractures of
long bones. In this method, pin is placed to the
medullary canal and fixed to the bone with screws

Tibial fractures are frequently observed within dogs.
These fractures have a rate of 20% among long bone
fracture cases that are noticed in dogs.
Approximately 73% of all tibial fractures are in the
form of diaphyseal fractures (Van der Elst et al.,
1999). Biological osteosynthesis methods are
applied quite often in tibial fractures. The aim of
biological osteosynthesis, particularly in segmental
fractures of long bones, is to maintain mechanical
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passing through proximal and distal holes which are
placed on the pin (McLaughlin, 1999; Duhautois,
2003).

Interlocking pin stabilization technique has been
used for rectification of angulations which are
caused by the fractures of the bone in rotational and
longitudinal direction in the treatment of
comminuted and long spiral fractures and bone loss.
It can be said that, when this technique is compared
with conventional nonlocked intramedullary nailing
methods, it reduced the risks of infection, non-union
and malunion risks. In addition, it is also superior
considering short hospitalization and rehabilitation
periods (Bhat et al., 2006).

Interlocking pins are in various lengths and
diameters. Their both ends have holes which the
screws pass through. ldeally, the cortex of the
affected bone should support two screws that will be
applied both proximally and distally. The distance
of the screws and fracture line should be at least 2
cm to prevent excessive force applied on the pin.
The weakest feature of interlocking pins are the
screw holes (Fossum, 2013).

Although interlocking nailing technique has the
same indications as other intramedullar nailing
techniques, it has a potential to accumulate high
stress in proximal and distal parts due to the design
of interlocking pins (Bhat et al., 2006).

Screw holes on the pin reduce the resistance of the
pin. If screw holes are placed close to the fracture
line, the possibility of fracture of the bone and the
implant will emerge. If the screws are applied to the
fracture line closer than 2 cm, stress will be observed
(Stiffler, 2004).

In this technique which is used in fracture treatment,
the pin can be broken if the diameter of the pinis no
proper or if the screw holes on the pin are placed on
the fracture line. Implant failures are frequently seen
in proximal part of the distal pin holes. The most
common complications related to the implant are,
pin failure close to screw holes, misplacement of the
screws or loose pin implementations (McLaughlin,
1999).

Interlocking nails can be implanted via minimal
invasive surgical techniques; thus, it minimally
damages the vascularization of operative area. In
fact, it is reported that interlocking nailing has been
considerably  successful and has had low
complication rates in many clinical studies.
Although this technique is highly prefered by many
surgeons because of its biological advantages, in
some studies it has also been reported that it has both
clinical and experimental limitations (Goett et al.,
2007; Piorek et al., 2012).

Metal screws which are also used in interlocking
nailing have minimal negative effects on the
recovery process of fractures. However, it is
possible to mention the disadvantages of such
implants, such as bone atrophy, inflammatory or
carcinonegic effects due to corrosion (Van der Elst
et al., 1999; Bergsma et al., 1993; Bos et al., 1991).

In recent years, via in vivo model studies on sheeps
with tibial fractures where interlocking nails are
compared to external fixators, some significant loss
during recovery process has been noticed because of
instability caused by torsional and bending forces
among interlocking nailing groups (Goett et al.,
2007; Piorek et al., 2012).

Since weight bearing during early postoperative
period allows to increase stability in the fracture
line, it brings some beneficial effects on healing.
The combination of Interlocking nail and external
fixator provides weight bearing (Piorek et al., 2012).

In this study, using a combination of interlocking
pins and acrylic external fixators for the treatment of
diaphyseal tibial fractures has served two purposes.
The first purpose is to reduce complications such as
stress fractures around at the level of screw holes in
the operated bones. The second purpose is to reduce
the risk of functional recovery losses caused by
torsional and bending forces because of early weight
bearing in postoperative period.

Material and Method

The study material involves 6 dogs which were
admitted to the clinic with posttraumatic complaints
of in ability to use related hind limb with tibial
fracture diagnosed via clinical and radiological
examinations. While the reason of lesion in the 3 of
6 cases was a traffic accident, the reason could not
be defined in the other in 3 cases. After clinical and
radiological examinations, diaphyseal tibial fracture
has been detected in all cases included in the study.
Each case has been treated with 6 mm interlocking
nails of various lengths, 2-2.5 mm half and full
Steinmann pins, acrylic and 9 mm endotracheal
tubes for preserving and shaping the acyrilic.

Surgical procedure

Interlocking nailing has been practiced routinely,
but instead of stabilizing the pin to the bone with
screws through proximal and distal holes, half and
full Steinmann pins were fixed to the bone by
passing through the holes. The ends of the pins were
then passed through steril 9 mm endotracheal tubes.
Soft tissues were routinely closed, and then fluid
acrylic was injected into empty endotracheal tubes
and was expected to be solidified (Fig 1).



Figure 1. a and b. Standardt fixation of interlocking nail to tibia, c. application of Steinmann pin to the
proximal and distal screw holes of the interlocking nail, d. combination of full Steinmann pins with acrylic.

Assessment

In order to define lameness degrees, each patient
was scored from 0 to 4 on the 10th, 30th, 45th days
of the follow-up period. The scale for the assessment
of lameness is given in Table 1. Radiographs were
taken on the postoperative 10th, 30th, 45th days and
the follow- up period was ended on 45th day.
However, postoperative follow-up period of case no
5 has continued until day 58 due to infection.

Table 1. Scale for the assessment of lameness.

Score Assessment
0 No lameness
1 Mild lameness
2 Moderate lameness
3 Severe lameness
4 No weight bearing

Results

Cases have involved 6 dogs of various ages between
2 and 8. The avarage age of the cases was calculated
to be 3.66. In the study, 4 of the 6 cases were
identified as male and 2 as female, 5 as crossbreed
and 1 as an Anatolian Sheep Dog (Kangal). 6 x 150
mm interlocking nail was used in 1 case (case no.2),
6x 160 mm in 2 cases (cases no.1 and 6) and 6x170
mm in 3 cases (cases no. 3, 4 and 5). Case
descriptions, the diameters, and the lengths of
interlocking nails used are given in Table 2.

Postoperative radiographs were taken on 10th, 30th,
45th days, and patients were clinically controlled.
On the postoperative 10th day, no weight bearing
was observed in case no 1. It was also observed that
cases no 3, 4 and 5 had severe lameness, cases no 2
and 6 had mild lameness. On the postoperative 30th
day, it was reported that case no 5 had moderate,
case no 1 had mild lameness where as cases no 2, 4
and 6 had no lameness.

Table 2. Age, gender, breed, cause of lesion, diameters and lengths of the pins.

Case no AgelYear Gender Breed Cause of lesion Diame_:ters of Leng_ths of

pins pins
1 2 Crossbreed Unknown 6 mm 160 mm
2 2 M Crossbreed Unknown 6 mm 150 mm
3 4 F Kangal Traffic accident 6 mm 170 mm
4 2 M Crossbreed Traffic accident 6 mm 170 mm
5 8 F Crossbreed Unknown 6 mm 170 mm
6 3 M Crossbreed Traffic accident 6 mm 160 mm




On the postoperative 45th day, no lameness was
observed in cases no 1, 2, 4 and 6. However, mild
lameness was observed in case no 5 with purulent
discharge where the pins of the external fixator have
been penetrated to the skin. In radiological
examination infection was observed in tibia. After
removing the acrylic fixator and the interlocking
pin, antibiotic treatment and splint bandahe were
practiced for case no 5. On the postoperative 58th
day, no evidence of infection was observed in case
no 5 and the treatment was finalized. Lameness
results of the cases on the postoperative 10th, 30th
and 45th days are given in Table 3. (Fig 2,3).

Table 3. Lameness assessment scale for the cases on
the postoperative 10 th, 30 th and 45 th days.

Case no 10th day 30th day 45th day
1 4 1 0
2 1 0 0
3 3 - -
4 3 0 0
5 3 2 2
6 1 0 0

Figure 2. Preoperative and postoperative radiographs of case no 4. a and b. preoperative, c. and d.
postoperative 10" day, e. postoperative 45" day radiographs of case 4.

Figure 3. Preoperative and postoperative radiographs of case no 5. a. Preoperative, b and c. postoperative 30"
day, d. postoperative 45" day radiograps after pins and external fixator removing of case 5.

Discussion

Early weight bearing in the recovery period utilizes
the treatment process. It also contributes to increase
stability in the fracture line and this can be achieved
by using a combination of an external fixator and
interlocking nail. According to the researches
carried out, early weight bearing in the recovery
period can be achieved by using fixation systems
that enable to reduce micro motions in the fracture
line (Lu et al.,, 2009). Micro motions cause
instability which is quite difficult to be prevented by
fixation techniques such as interlocking nailing.
According to a study, using only type | external

fixator, without combining with an interlocking nail,
could not prevent instability caused by micro
motions in the fracture line (Piorek et al., 2012).

In the study, interlocking nails of 6 mm diameter and
of various lengths, Steinmann pins of 2-2.5 mm that
were passed through the screw holes on interlocking
nails have been used by combining with acrylic to
form a external fixator. Via this application, it is
expected that micro motions mentioned in literature
will be avoided and early weight bearing in the
healing process will be observed. Postoperative
clinical and radiological examinations of the study
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were performed on days 10th, 30th and 45th. In
order to carry out the lameness assessment scores
between O and 4 were given to the cases. In
accordance with_this, on the postoperative 10th day
follow up it was observed that there was no weight
bearing in case no 1, while weight bearing was
observed in all other cases. On the postoperative
30th day, it was reported that cases no 2, 4 and 6
have weight bearing. In case no 1 mild and in case
no 5 moderate lameness was observed. Case no 3
couldn't be followed up on the postoperative 30th
day. On the postoperative 45th day, ho lameness was
recorded in cases no 1, 2, 4 and 6. Moderate
lameness due to infection was observed in case no 5.
Considering this data, healing was achieved in a
short time in cases where weight bearing has been
observed. The results of the study are consistent with
literature.

Internal fixation of bone fractures by metallic plates
and screws is a common and a reliable treatment
method. However, these metallic implants need to
be removed just after the healing process is
completed. Unless implants, such as plate and
screws, are removed, some spontaneous bone
fractures may occur in the bone tissue just below the
implants, even with normal weight bearing. On the
other hand, screw loosening and inflammatory
reactions due to corrosion can be seen (Bos et al.,
1991).

Screw holes which are placed on interlocking pins,
also reduce the resistance of the pin. If the screw
holes are close to the fracture line, the possibility of
bone fractures and implant failures can emerge (Bos
et al., 1991). The hole on the proximal part of the
distal fragment is where the pin break is mostly
observed. During the postoperative period,
complications such as pin breaks, misplacement of
the screws or loose screw implementations can
observed (McLaughlin, 1999).

The weight bearing ration between the bone and the
interlocking pin increases on the bone as the bone
heals. The reason for this is that the callus formation
in the fracture zone increases the moment of stability
and thus transfers weight from the implant to the
bone (Dueland et al., 1996).

In standart interlocking nailing technique, cortical
screws are used for fixing the pin to the bone. The
pin and screws are not generally removed from
related bone after healing. In the study, due to the
Steinmann pins was applied to the holes on the pin
instead of the screw, there was no necessity to open
the hole zone after operation to remove the pins. In
addition, as the callus formation increases, the stress
on the implant decreases. Therefore, external
fixators applied from the holes on the pins were

combined with the interlocking pins instead of the
screws used in the standard treatment method. Thus,
the stress on the pins was shared with the external
fixator. On the other hand, the external fixators were
removed after fracture healing and long-term
spontaneous bone fractures caused by the screws
which wused in standardt interlocking nailing
technique were prevented. There were no
complications due to the implant in the
postoperative period. In this study, two objectives
have been aimed by using interlocking pin and
acrylic external fixator combinations for the
treatment of diaphyseal tibial fractures: The first
objective is to reduce complications due to implant
loads. The second objective is to reduce the risk of
healing losses due to torsional and bending forces as
a result of early weight bearing during the
postoperative period.

Conclusions

Although interlocking nailing is used safely in the
treatment of restless and aggressive dogs that need a
rigid fixation and where the postoperative care is
difficult and crucial, interlocking nailing and
external fixator applications can be combined in
order to prevent instability due to torsional and
bending forces and to reduce the amount of foreign
bodies on the bone. This combination can also be
used for preventing inflammatory reactions due to
the usage of metal screws.

During the postoperative period of external fixator
applications, antibiotheraphy and caring under
hygienic conditions are quite important for reducing
the risk of infection.

As a result, interlocking nailing, which is an
alternative to intramedullary pin applications, has
been successfully used when combined with
external fixators. Combination of interlocking
nailing and external fixators can be considered as an
alternative treatment method as it prevents
instability and provides a rapid healing process.
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The aim of this study was to evaluate the anticancerogenic effect of Silimarin by Accepted 11 May 2020

immunohistochemical methods on Diethylnitrosamine (DEN) induced Hepatocellular
carcinoma (HCC) model in Wistar rats. Fifty male Wistar-Albino rats aging 2 months were
randomly divided into 5 equal groups. The Control group rats were given pellet feed and
drinking water for 20 weeks. The Sham group rats were injected intraperitoneally Propylene
glycol dissolved in %0.9 NaCl three times for 20 weeks. The Silymarin group rats were
injected intraperitoneally 100 mg/kg Silymarin three times a week for 20 weeks. The DEN
group rats were injected intraperitoneally 50 mg/kg DEN once a week for 20 weeks. The DEN
+ Silymarin group rats were injected 50 mg/kg DEN once a week for 20 weeks. Silymarin at
a dose of 100 mg/kg was injected intraperitoneally for 21 weeks, three times a week, starting
1 week before DEN administration. At the end of 21 weeks, macroscopically multifocal
nodular structures were detected in the DEN and DEN + Silymarin group. A mix pattern of
trabecular and acinar structures of HCC was observed in DEN and DEN + Silymarin groups.
Besides; No statistically significant results were found between DEN and DEN + Silymarin
groups in terms of iNOS, Nitrotyrosine, PCNA, GSTPi, MMP-9, HPIP and TUNEL staining
(P >0.05). In line with the results of our study, we determined that Silymarin did not show the
expected anticarcinogenic effect.
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DiethylInitrosamine, hepatocellular
carcinoma, liver cancer, rats, silymarin
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Wistar Ratlarinda Dietilnitrozamin Uygulanarak Olusturulan Hepatoseliiler Karsinom Modelinde Silimarinin Antikanserojenik
Etkileri

Ozet

Bu ¢alismada Wistar ratlarinda Dietilnitrozamin (DEN) uygulamasi yapilarak olusturulan hepatoseliiler karsinom (HCC) modelinde,
Silimarin’in antikanserojenik etkileri immunohistokimyasal yontemlerie arastirilmasi amaglandi. 50 adet 2 aylik Wistar Albino cinsi
erkek rat rastgele olacak sekilde 5 gruba ayrildi. Kontrol grubundaki ratlara 20 hafta boyunca pelet yem ve i¢me suyu verildi. Sham
grubundaki hayvanlara % 0.9 NaCl icerisinde ¢ozdiiriilmiis propilen glikol intraperitoneal yolla haftada 3 kez olmak zizere 20 hafta
boyunca verildi. DEN grubundaki hayvanlara 50 mg/kg dozunda haftada 1 kez olmak iizere 20 hafta boyunca DEN uygulamast
yapildi. DEN+Silimarin grubundaki ratlara DEN uygulamasindan 1 hafta énce baslayacak sekilde 100 mg/kg dozunda haftada 3 kez
olmak iizere 21 hafta boyunca intraperitoneal yolla Silimarin uyguland:. Silimarin grubundaki ratlara 100 mg/kg dozunda 20 hafta
boyunca intraperitoneal yolla haftada 3 kez olmak zizere Silimarin uyguland:. 21 hafta sonunda DEN ve DEN+Silimarin gruplarinda
makroskobik olarak multifokal nodiiler yapilar tespit edildi. Mikroskobik incelemeler sonucunda DEN ve DEN+Silimarin
gruplarinda HCC nin trabekiiler ve asiner paternini iceren miks tipi tespit edildi. iNOS, Nitrotirozin, PCNA, GSTPi, MMP-9, HPIP
ve TUNEL boyamalar: sonucunda DEN ve DEN+Silimarin gruplar arasinda istatistiki karsilastirmada anlaml sonug bulunamadi
(P > 0.05). Calismamizin bulgulart dogrultusunda Silymarin’in beklenen antikanserojenik etkiyi gostermedigini tespit ettik.

Anahtar kelimeler: Dietilnitrozamin, hepatoseliiler karsinom, karaciger kanseri, ratlar, silimarin.

Introduction

Hepatocellular carcinoma (HCC) constitutes 70- DiethylInitrosamine (DEN), an N-Nitrozo alkyl

85% of the primary malignant tumors of the liver
(Shirakami et al. 2012). It is ranked fifth in cancer
cases worldwide and ranks third in cancer-related
causes of death (Medhat et al. 2017).

component, is used as an initiating agent in two-step
(initiation and promotion) hepatocarcinogenic study
protocols. Carcinogenic effect of DEN; It is possible
to hydroxylate with cytochrome p450 enzymes and
convert them to bioactive with the alkylation
mechanism (Bingiil et al. 2013). The intermediate
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products formed after bioactivity (06-ethyl deoxy
guanosine and 04- to 06-ethyl deoxy thymidine)
exhibit low affinity to the binding sites of various
enzymes, thus producing covalent bonds with
important compounds of the cells instead of urinary
excretion. As a result, they cause mutations, necrosis
and cancer (Merhan et al. 2016). The bioactivation
process is an important step to initiate
carcinogenesis (Bingiil et al. 2013). DEN, which
becomes bioactive, reacts with the DNA and causes
the ethylation of the bases. Ethyl DNA adducts
interrupt base pairs, leading to mutations, activation
of protoncogenes (eg RAS) and inhibition of tumor
suppressor genes (eg p53). This often results in HCC
(Matsuda et al. 2005).

Silybum marianum is an annual or biennial
herbaceous plant belonging to the family Asteraceae
(Bosch-Barrera & Menendez 2015). Seeds of
Silybum marianum include approximately 70-80%
Silymarin. The remaining and approximately 20-
30% of the part is not chemically defined. Silymarin
is a mixture of four flavonolignan isomers called
Silybin, Isosilybin, Silydianin and Silycristin. The
ratio of isomers; Silybin 60-70%, Silycristin 20%,
Silydianin 10% and Isosilybin 5% (Ashraf et al.
2015). The researchers identified ten important
characteristics of cancer. These are uncontrolled
growth, resistance to death, replicative immortality,
induction of angiogenesis, invasion, metastasis,
genomic instability, tumor inflammation, escape
from immune system and re-programming of energy
metabolism. It has been reported in recent studies
that Silymarin and Silybin have a healing effect on
breast, skin, colon, cervix, ovarian, prostate, lung
and liver cancers (Fan et al. 2014; Ben Rahal et al.
2015). Research shows that Silymarin is capable of
affecting all of the above-mentioned characteristics
in cancers observed in humans (Bosch-Barrera &
Menendez 2015). Silymarin and / or Silibinin
exhibit anticarcinogenic effect by regulating the cell
cycle, inducing apoptosis, and different mechanisms
such as inhibition of angiogenesis, invasion and
metastasis, and inflammation suppression (Eo et al.
2015). In this study, Silymarin's anticancer effect on
cell proliferation, metastasis, transformation
capacity, oncogenes and apoptosis was evaluated by
various immunohistochemical markers in the
hepatocellular carcinoma model inducing by DEN.

Materials and Methods
Animals and ethics committee

Fifty male Wistar-Albino rats aging 2 months were
provided by Erzurum Veterinary Control Institute
Experimental Animals Unit. The rats were housed

under suitable conditions (23 + 2 °C, % 55 humidity
rate, 12-hour day-night illuminating cycle) in the
Kafkas University Experimental Animals In the
Application and Research Center Laboratory.
During the trial, the animals were given standart
feed and water ad libitum. Prior to the experiment,
the rats were prepared for manipulation during a 1
week habituation period. The ethics committee
report of the study was taken from Kafkas
University Animal Experimentals Local Ethics
Committee (KAU-HADYEK-2015-095).

Experimental design

The rats were randomly divided into 5 equal groups.
The Control group rats were given pellet feed and
drinking water for 20 weeks. The Sham group rats
were injected intraperitoneally Propylene glycol
(75/25) dissolved in 0.9% NaCl three times for 20
weeks. The Silymarin group rats were injected
intraperitoneally 100 mg/kg Silymarin (Sigma-
Aldrich, N 0292) three times a week for 20 weeks.
The DEN group rats were injected intraperitoneally
50 mg/kg DEN (Sigma N 0756) once a week for 20
weeks. The DEN + Silymarin group rats were
injected 50 mg/kg DEN once a week for 20 weeks.
Silymarin at a dose of 100 mg/kg was injected
intraperitoneally for 21 weeks, three times a week,
starting 1 week before DEN administration.

At the end of the administration, the animals were
euthanized by pentobarbital. The livers of all rats
with systemic necropsies were examined for
macroscopic changes and tissue samples were taken
for histopathological-immunohistochemical
examinations.

Histopathological, immunohistochemical and

TUNEL methods

Liver tissue samples were fixed in 10 % buffered
formaldehyde solution (Merck). After routine
procedures, paraffin blocks were prepared and
sections with a thickness of 5 um were taken for
Hematoxylin and Eosin (H&E) staining. Sections
were examined with H&E in the light microscope
(Olympus Bx53) to determine the histopathological
changes and photographed with Cell P Program
(Olympus Soft Imaging Solutions GmbH, 3,4).

Avidin-Biotin Peroxidase method was used as
immunohistochemical stain. For
immunohistochemical staining, sections of 4 um
thick from paraffin blocks were rehydrated. In order
to prevent endogenous peroxidase activity, the
sections were treated with 3% hydrogen peroxide
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solution for 15 minutes. Then, the microwave
method was applied to the sections to reveal the
antigenic receptors (Citrat Buffer Solution pH 6 for
25 min). In order to prevent nonspecific staining, the
sections were incubated for 30 min with non-
immune serum (Genemed Biotechnologies REF 54-
0003). Following treatment with Phosphate
Buffered Salt Solution (PBS) with different
proportions of diluted antibodies (PCNA (Santa
Cruz, Sc-56, Dilution Ratio 1: 100), GSTPi
(Novocastra, NCL-L-GSTPi-438, Dilution Ratio 1:
100), MMP-9 (Santa Cruz, Sc-393859, Dilution
Ratio 1: 100) and HPIP (Bethyl Lab, IHC-00327,
Dilution Ratio 1: 100) were incubated for one hour.
The sections were washed 3 times in PBS solution
for 5 minutes, and the biotinised secondary antibody
(Genemed Biotechnologies REF 54-0003) were
applied to them at room temperature for 30 minutes.
After washing in PBS (3-5 min), all sections were
incubated with peroxidase-bound Strep Avidin
(Genemed Biotechnologies REF 54-0003) for 30
minutes. A solution of 3.3-diaminobenzidine tetra
hydrochloride (DAB) (Genemed Biotechnologies
REF 10-0048) were used as colour revealing
substrate. The sections were stained with Mayer
Hematoxylin and coated with immune mount.

TUNEL method was used to detect apoptotic cells
and the In Situ Cell Death Detection Kit, POD
(Roche 11684817910) was used for this purpose.
Sections were Kkept in the incubator at 37°C
overnight and passed through xylene solution. Later
sections were rehydrated with a decreasing
percentage of alcohol series and washed with
distilled water. Subsequently, sections were
incubated with proteinase K solution (Sigma) at 37
° C for 25 minutes. The sections were then washed
3 times with PBS solution for 3 minutes. After
washing with PBS, 3% hydrogen peroxide solution
was applied to the sections for 15 minutes to block
the endogenous peroxidase activity. Sections were
washed again with PBS and incubated with TUNEL
solution (Roche 11684817910) at 37 ° C for 60
minutes. The tissues were then washed 3 times with
PBS for 3 minutes. At follow-up, the sections were
incubated with Peroxidase (POD) solution (Roche
11684817910) for 30 min at 37 ° C. Sections were
then again washed 3 times with PBS for 3 minutes.
After washing, DAB solution (Genemed
Biotechnologies) was dropped and stained with
Mayer Hematoxylin. The sections were covered
with entallen after passing through an increasing
percentage of alcohol and xylol solution. The slides
prepared after the covering were examined under a
light  microscope  (Olympos Bx53) and

photographed via the Cell*P program (Olympos
Soft Imaging Solutions Gmbh, 3,4). Analyzes of the
images were done with Image J Program (1.51j8).
Analysis of immunohistochemical and TUNEL
staining results were performed by a grading system
based on the number of positive cells in the areas
that best reflect the character of staining. For
guantification of the staining in the tissue, the
analysis was started on the basis of high intensity
reaction areas. For each sample, 10 different areas
were examined at a total enlargement of 200. The
number of cells stained positively in each area was
recorded and the average of these 10 sites was taken
as the data of that animal.

Statistical analyses

Shapiro-Wilk test was used to evaluate the normal
distribution of the groups. T-test was used for the
evaluation of groups with normal distribution and
Mann-Whitney-U test was used for the evaluation of
groups that didn’t show normal distribution.
Statistical Package for Social Sciences (SPSS) 20
Program was used in statistical tests.

Results
Macroscopic results

No lesions were found in the livers of rats in Control
(Figure 1a), Sham (Figure 1b) and Silymarin groups
(Figure 1c). Multifocal nodules and hemorrhagic
areas were observed in the liver of rats in the DEN
group (Figure 1d). In rats in the DEN + Silymarin
group (Figure 1e), nodular structures similar to the
rats in the DEN group were observed.

Hematoxylin & eosin results

We observed that liver tissue retained its normal
structure in histopathological examination of livers
Control (Figure 2a), Sham (Figure 2b) and
Silymarin (Figure 2c). HCC was observed in the rats
of the DEN group. Trabecular and acinar pattern
were dominant in tumor tissue. In some areas only
trabecular structures were observed, whereas in
some areas only acinar structures were found. There
were also areas where these two patterns were
observed as mixed (Figure 2d). HCC was also
diagnosed in animals administered with DEN
Silymarin. Similar to the DEN group, the common
histopathological appearance was a mix pattern with
trabecular and acinar structures (Figure 2e).



Table 1. Average PCNA, GSTPi, MMP-9, HPIP and TUNELpositive cell numbers for all groups

Group 1 Group 2 Group 3 Group 4 Group 5
Groups (Control) (Sham) (Silymarin) (DEN) (DEN + Silymarin)
n=10 n=10 n=10 n=10 n=10

PCNA - - ¥ 829+6.17% 79.8+6.74 2
GSTPi -—* % -* 176,1 £7.522 1543+11.542
MMP-9 -—* % -* 32.5+4.84% 29.5+£321°2
HPIP ---* -—-* ---* 60.5+7.46° 50+£545¢
TUNEL ---* ---* ---* 51.6+527° 59.8+6.77 2

* is equal to zero.
aThere is no statistically difference between DEN and DEN + Silymarin groups (P > 0.05).

o L %

Figure 1. Macroscopic appearance of the livers from control and experimental group of rats. Control Group
(@), Sham Group (b), Silymarin Group (c), DEN Group, HCC nodule (arrow) and hemorrhage (arrowhead)
(d) DEN + Silymarin Group, HCC nodule (arrow) and hemorrhage (arrowhead) (e).

B 3 g A
B g e Sa 5 g
Figure 2. Histopathologic appearance of the livers from control and experimental group of rats. Control Group
(@), Sham Group (b), Silymarin Group (c), DEN Group, trabecular (arrows) and glandular (arrowhead)
structures (d) DEN + Silymarin group, trabecular (arrow) and glandular structures (arrowheads) (e), H&E,
scale bar = 100 pm.

Figure 3. The liver sections from control and experimental group of rats. Control Group (a), Sham Group (b),
Silymarin Group (c), DEN Group, positive immune reaction in hepatocyte nuclei (d), DEN + Silymarin,
positive immune reaction in hepatocyte nuclei (e), PCNA stain, scale bar = 100 um.

Figure 4. The liver sections from control and experimental group of rats. Control Group (a), Sham Group (b),
Silymarin Group (c), DEN Group, brown immune positive reaction in transformed area (d), DEN + Silymarin,
brown immune positive reaction in transformed area (e), GSTPi stain, scale bar = 100 pum.
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Figure 5. The liver sections from control and experimental group of rats. Control Group (a), Sham Gro

up (b),

Silymarin Group (c), DEN Group, intracytoplasmic immune reaction (d), DEN + Silymarin, intracytoplasmic

immune reaction (e), MMP-9 stain, scale bar = 100 pum.

Figure 6. The liver sections from control and experimental grob of rats. Control Grofjp (a), Sham rop (b},

Silymarin Group (c), DEN Group, expression in the cytoplasm of hepatocytes (d), DEN + Silymarin,
expression in the cytoplasm of hepatocytes (e), HPIP stain, scale bar = 100 um.

Fon
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Figure 7. The liver sections from control and experimental group of rats. Control Group (a), Sham Group (b),

Silymarin Group (c), DEN Group, positive reaction in nuclei of hepatocytes (d), DEN + Silymarin, positive
reaction in nuclei of hepatocytes (e), TUNEL stain, scale bar = 100 pm.

Immunohistochemical results

The mean values of PCNA, GSTPi, MMP-9, HPIP
and TUNEL positive cell numbers of all groups
were given in Table 1. Control (Figure 3a), Sham
(Figure 3b) and Silymarin (Figure 3c) groups were
not positive for PCNA immune positive reaction.
PCNA positive staining was observed in the nuclei
of hepatocytes in DEN (Figure 3d) and DEN +
Silymarin (Figure 3e) groups.

The mean number of positive stained cells in DEN
group compared to DEN + Silymarin group was
high but the difference between them was not
statistically significant (P > 0.05) GSTPi expression
was not observed in Control (Figure 4a), Sham
(Figure 4b) and Silymarin (Figure 4c) groups, while
immunoreactivity was found in DEN (Figure 4d)
and DEN + Silymarin (Figure 4e) groups.

In the DEN and DEN + Silymarin groups, the brown
GSTPi positive reaction was found particularly in
large nodular structures. GSTPi expression was
detected in both cytoplasm and nucleus of the
hepatocytes forming these nodular structures. In the
DEN group, the mean number of positive cells was
176.1 +7.52 and in the DEN + Silimarin group this
number decreased to 154.3 + 11.54. However, we
found that this decrease was not statistically
significant (P > 0.05).

MMP-9 immunoreactivity was not detected in
Control (Figure 5a), Sham (Figure 5b) and
Silymarin (Figure 5c) groups. MMP-9 immune
positive staining in DEN (Figure 5d) and DEN +
Silymarin (Figure 5e) groups was determined in the
cell cytoplasm. Although there was a decrease in the
mean values of MMP-9 positive cells in DEN +
Silymarin group compared to DEN group, this
decrease was not statistically dramatic (P > 0.05).

Control (Figure 6a), Sham (Figure 6b) and
Silymarin (Figure 6c) groups were not positive for
HPIP expression. HPIP expression was observed in
cytoplasm of hepatocytes in DEN (Figure 6d) and
DEN + Silymarin (Figure 6e) groups. While the
mean value of HPIP positive cells increased in DEN
group, it was determined that the administration of
Silymarin decreased the number of HPIP positive
cells but this decrease was not statistically important
(P >0.05).

TUNEL results

TUNEL positive staining was not observed in
groups Control (Figure 7a), Sham (Figure 7b) and
Silymarin  (Figure 7c). TUNEL reaction in
hepatocyte nuclei was determined in DEN (Figure
7d) and DEN + Silymarin (Figure 7e) groups.
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Although it was observed that Silymarin
administration increased the mean value of TUNEL
positive cell compared to DEN group, this increase
was not statistically significant (P > 0.05). Except
for the brown stained nuclei positive cells, both
cytoplasmic and nuclear staining cells were
observed in DEN and DEN + Silymarin groups.
These cells were considered necrotic and not
subjected to statistical evaluation.

Discussion

Detection of cell proliferation rate is particularly
important in diseases such as cancer (Srigopalram et
al. 2014). PCNA is a 36 kDa nuclear protein that
plays an important role in the replication,
recombination and repair of genomic DNA (Taha et
al. 2010). PCNA is correlated with DNA synthesis
and cell proliferation rate (Abdel Salam et al. 2007).
Detection of PCNA by immunohistochemical
methods indicates both DNA replication and DNA
damage resulting in carcinogenesis (Abike &
Zengeroglu 2010). In our study, we aimed to
determine the uncontrolled cell proliferation of liver
tissue and malignant transformation by evaluating
PCNA immunohistochemically.

In the studies of liver cancer [11, 15-17] induced by
DEN, it was shown that DEN administration
increased PCNA expression compared to control
groups. In our study, we found that DEN
administration caused a significant increase in the
number of PCNA positive cells compared to the
control group in a similar way to the literature data
(Raghunandhakumar et al. 2013; Song et al. 2013;
Srigopalram et al. 2014; Zhao et al. 2014). We
observed PCNA expression in the nucleus of
hepatocytes. We interpreted this increase in the
number of PCNA positive cells to the capacity of
DEN administration to mutate and generate DNA
damage.

In the studies of experimentally induced HCC
(Gopalakrishnan et al. 2013), it was demonstrated
that treatment of Silymarin significantly reduced the
expression of PCNA and showed antiproliferative
effect by immunohistochemically. In this study,
contrast to the literature data (Gopalakrishnan et al.
2013), we observed that the treatment of Silymarin
resulted in a decrease in PCNA positive cell number.
However, there was no statistically dramatic
difference between DEN and DEN + Silymarin
groups. We interpreted this result as Silymarin
showing partial antiproliferative effect.

GSTs are involved in the detoxification of
carcinogenic or mutagenic substances. GSTs are

divided into three main groups: (o) basic, () acidic,
(u) neutral. GSTPi is considered as a potential tumor
marker in hepatomas, gastric carcinomas and
colonic carcinomas. In addition, GST levels were
found to be high in patients with primary HCC and
GST measurements were reported to be a usable
marker for HCC (Akoz et al. 2010). In our study, we
aimed to determine the preneoplastic and dysplastic
foci that play an important role in HCC development
by evaluating GSTPi expression
immunohistochemically.

In liver cancer model studies (Shizuma et al. 2011;
Fujise et al. 2012; Thumvijit et al. 2014; Abdo et al.
2015), researchers determined that DEN
administration  increases GSTPi  expression
compared to the control group especially in cellular
transformation regions. They observed that GSTPi
positive areas increased significantly in cancer
groups both in terms of cell numbers and area
measurements compared to the control group. In our
study, we observed that GSTPi immunopositive
areas increased significantly both in number and
size in the DEN group compared to the control group
in accordance with the literature data (Shizuma et al.
2011; Fujise et al. 2012; Thumvijit et al. 2014; Abdo
et al. 2015). Although, we observed that GSTPi
expressions were more severe in the transformed
hepatocyte focuses that formed the nodular
structures in particular. We interpreted this increase
in expression that DEN administration effectively
initiated the process of carcinogenesis in liver tissue.

Imamoto et al. (2014), induced liver cancer by
administration DEN for 12 and 18 weeks. In the
protective groups treated with Silymarin, they
showed that the expression levels of GSTPi
decreased compared to the DEN group but this
decrease was not statistically significant. In our
study, in accordance with the literature data [30], the
treatment of Silymarin was found to cause a
decrease in GSTPi positive cell number. But this
decrease was not statistically important.

MMPs play a critical role in extracellular matrix
(ECM) detoriation, metastasis, tumor cell invasion
and angiogenesis (Mansour et al. 2014). MMP-2 and
MMP-9 are the most detected matrix
metalloproteinases in malignant tissues
(Ramakrishnan et al. 2009). They play a crucial role
in the metastatic process by locally disintegrating
the basement membrane and the extracellular matrix
(Sivaramakrishnan et al. 2009; Wu et al. 2014). In
our study, we evaluated the MMP-9 expression
immunohistochemically in order to demonstrate the
role it plays in HCC metastasis.
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In previous studies, MMP-9 expression was
investigated immunohistochemically in the liver
(Subramaniyan et al. 2014) and lung cancer models
(Man et al. 2015) In the DEN-induced cancer
groups, MMP-9 expression was observed in the
cytoplasm of tumor cells. MMP-9 expression was
found to be higher in the rats in the DEN group
compared to the rats in the control group. In our
study, we found that DEN administration
significantly increased the expression of MMP-9
compared to the control group in a similar way to
the literature data (Subramaniyan et al. 2014; Man
et al. 2015). In addition, we observed MMP-9
expression in the cytoplasm of hepatocytes in
particular. We believed that this increase in
expression was consistent with the detoriation of
ECMs caused by DEN administration. As a result of
the destruction of ECMSs, the barrier to tumor
invasion and migration was removed. The role of
matrix metalloproteinases in removing this barrier is
very important. This increase in the number of
positive cells observed in the DEN group is also
important in terms of the role of matrix
metalloproteinases, especially MMP-9, in the
development of HCC. As a matter of fact, we found
a large number of metastatic foci originating from
the liver in the lung of a rat in the DEN-administered

group.

In the experimentally generated HCC
(Ramakrishnan et al. 2009) and Ehrlich asites
carcinoma (Beydogan & Bolkent 2016) model
studies, MMP-9 expression was evaluated
immunohistochemically in order to reveal the
antimetastic effect of Silymarin and its main
component, Silybin. Researchers found that these
hepatoprotective agents significantly reduced the
expression of MMP-9 compared to cancer groups.
Incompatible with literature data (Ramakrishnan et
al. 2009; Beydogan & Bolkent 2016), we
determined that Silymarin treatment slightly
reduced the number of MMP-9 positive cells.
Although lung metastasis was seen in a rat in the
DEN group, no lung metastasis was found in any rat
in the DEN + Silymarin group. According to the data
of our study, Silimarin showed an antimetastatic
effect even though it was statistically insignificant.
We concluded that Silymarin's down-regulation
through MMP-9 could play an important role in this
protective effect.

HPIP is a recently described oncogene, which is
reported to be expressed extremely in cancer types
such as non-small cell lung cancer, HCC, spinal
glioblastoma, thyroid cancer, gastric cancer,
colorectal cancer, breast infiltrative ductal
carcinoma, oral carcinoma and melanoma (Chen et

al. 2016; Bugide et al. 2017). In this study, we
evaluated the expression of HPIP
immunohistochemically so we aimed to determine
the role of this oncogene in the development of
experimentally induced HCC in rats. Thus, the link
between inhibition of HPIP and the suppression of
HCC development will also be demonstrated.

Xu et al. (2013a), reported that HPIP was over-
expressed in most of 52 liver cancer patients. In
another study Xu et al. (2013b) showed that HPIP
levels were high in the majority of 328 liver cancer
patients. Liver tissues of the control and cancer
group were examined immunohistochemically and
HPIP expression was significantly increased (>
90%) in liver cancer patients and immunoreactivity
was observed especially in the cytoplasm. In the
light of this information, HPIP is an oncogene that
has an important role in the development and
progression of liver cancer. It has been considered
by researchers that blocking HPIP may be an
effective strategy in the treatment of liver cancer. As
a result of the inactivation of HPIP, they have
demonstrated that tumor growth in the liver was
regressed both in vivo and in vitro in genetically
immune system blocked mice. In their study; HPIP
was found to promote cell growth in HCC by
activation of G2-M transition in the cell cycle. In our
study, parallel to literature data (Xu et al. 2013b), we
detected HPIP expression especially in the
cytoplasm of hepatocytes in the HCC group that we
formed by DEN administration.

There is no literature data on the experimental HCC
model induced by DEN administration in rats and
anticarcinogenic  effects of  Silymarin by
immunohistochemical  evaluation of  HPIP
expression. A significant increase in HPIP
expression was observed in the DEN group
compared to the control group. This increase was
attributed to mutations resulting from DEN
bioactivation. As previously reported (Matsuda et al.
2005), mutations  resulting from  DEN's
bioactivation cause activations or inhibitions in
important genes such as protooncogenes or tumor
suppressor genes. HPIP, which is known to have
important functions in cell proliferation, is basically
an oncogene (Xu et al. 2013a). We thought that
mutations resulting from the bioactivation of DEN
could activate HPIP and trigger uncontrolled cell
proliferation observed in HCC. In our study,
although not statistically significant, we showed that
Silymarin treatment caused a partial decrease in
HPIP expression. We thought that this decrease may
be related to the anti-proliferative capacity of
Silymarin.
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Apoptosis (programmed cell death) can be triggered
by cancer, AIDS, oxidative stress diabetes and
neurodegenerative diseases such as Alzheimer's and
Parkinson's disease (Elmore 2007; Coskun & Ozgiir
2011; Eroz et al. 2012). We aimed of to determine
the apoptotic cells in experimentally induced HCC
progression and to demonstrate the proapoptotic
capacity of Silymarin by the evaluation of TUNEL
method in this study. Thus, it would be
demonstrated that the development of HCC can be
suppressed by triggering controlled cell death.

It has been demonstrated by several researchers that
the number of TUNEL positive cells in experimental
liver cancer model group induced by DEN is quite
insignificant compared to control group (Xu 2011;
Gupta et al. 2013; Vasquez-Garzon et al. 2013;
Zhang et al. 2013). Contrary to these studies, there
are studies showing significant increase in the
number of TUNEL positive cells in DEN-induced
liver cancer models compared to control groups
(Bharati et al. 2014, Patial et al. 2015). Bharati et al.
(2014), reported that the number of TUNEL-
positive cells was significantly higher in the liver
cancer model induced by DEN compare to control
group. They observed that TUNEL positive staining
was in the cytoplasm as well as in the nucleus. They
identified the cells stained in this way as necrotic
cells. In our study, similar to these studies (Bharati
et al. 2014, Patial et al. 2015), we found that the
number of TUNEL positive cells increased
significantly in the DEN group compared to the
control group. In addition, TUNEL positive reaction
was observed in the cytoplasm as well as the nucleus
of hepatocytes in the DEN group. Induction of
apoptosis is important in the treatment of cancer
(Kaya et al. 2012). It is known that cancer rid of
apoptosis mechanism plays a pivotal role in
carcinogenesis process (Eroz et al. 2012).
Suppression of apoptosis is a driving force in cancer
development and progression (Dingel & Kul 2016).
Death receptor CD95 expression, which plays an
important role in induction of apoptosis, has been
reported to decrease in tumor cells in HCC (Jin &
El-Deiry 2005). Therefore, we expected that the
number of TUNEL positive cells would be quite low
in the DEN group. However, the number of TUNEL
positive cells in the DEN group was significantly
increased compared to control group. We
interpreted this increase as a certain level of
programmed cell death in HCC progression.

In previous studies, it has been determined that in
the lung cancer (Wu et al. 2016) and prostate cancer
(Deep et al. 2008), the TUNEL method has shown
that Silymarin treatment increases the number of
apoptotic cells compared to cancer groups and has a

proapoptotic effect. Consistent with the literature
data (Deep et al. 2008; Wu et al. 2016), we detected
that Silymarin treatment increased the number of
TUNEL positive cells and showed a mild
proapoptotic effect compared to DEN group.
However, we thought that the slight triggering of
apoptosis caused by Silymarin treatment was not
effective enough in the regression of HCC.

Conclusion

As a result, according to the data of our study, the
administration of DEN once a week for 20 weeks
was found to be very useful in inducing HCC model
in rats. However, we observed that Silimarin, an
important anticancerogenic agent, does not have a
significant protective effect.

Acknowledgments

This study was supported by the Research Fund of
Kafkas University (Project Number: 2016-TS-08,
PhD thesis).

Conflict of Interest Statement

The authors declare no conflicts of interest with
respect to the publication of this manuscript.

References

Abdel Salam OM, Sleem AA, Omara EA, Hassan NS
(2007) Effect of ribavirin alone or combined with
silymarin on carbon tetrachloride induced hepatic
damage in rats. Drug Target Insights 2:19-27.
https://doi.org/10.1177/117739280700200014

Abdo W, Hirata A, Shukry M, Kamal T, Abdel-Sattar E,
Mahrous E, Yanai T (2015) Calligonum comosum extract
inhibits diethylnitrosamine-induced
hepatocarcinogenesis in rats. Oncol Lett 10:716-722.
https://doi.org/10.3892/01.2015.3313

Abike F, Zengeroglu S (2010) Epitelyal over
karsinomlarinda PCNA ekspresyonu. Tiurk Hijyen ve
Deneysel Biyoloji Dergisi 2010; 67:173-178.

Akéz M, Vatansev H, Giirbilek M, Akkus I, Vatansev C,
Kaptanoglu B (2000) Glutatyon S-transferaz (GST)
izoenzimlerinin ¢esitli kanser vakalarinda arastirilmasi.
Genel Tip Derg 10: 1-6.

Ashraf M, Abid F, Riffat S, Bashir S, Igbal J, Sarfraz M,
Afzal A, Zaheer M (2015) Rationalized and
complementary findings of silymarin (milk thistle) in
Pakistani healthy volunteers. Acta Pol Pharm 72:607-
614.

Ben Rahal N, Barba FJ, Barth D, Chevalot | (2015)
Supercritical CO: extraction of oil, fatty acids and
flavonolignans from milk thistle seeds: Evaluation of

14



their antioxidant and cytotoxic activities in Caco-2 cells.
Food Chem Toxicol 83:275-282.
https://doi.org/10.1016/j.fct.2015.07.006

Beydogan AB, Bolkent S (2016) The effects of silibin
administration for different time periods on mouse liver
with Ehrlich ascites carcinoma. Pharmacol Rep 68:543-
549. https://doi.org/10.1016/j.pharep.2015.12.003

Bharati S, Rishi P, Koul A (2014) Azadirachta indica
modulates electrical properties and type of cell death in
NDEA-induced hepatic tumors. Cell Biochem Biophys
70:383-390. https://doi.org/10.1007/s12013-014-9923-6
Bingiil i, Basaran-Kiiciikgergin C, Tekkesin MS, Olgag
V, Dogru-Abbasoglu S, Uysal M (2013) Effect of
blueberry pretreatment on diethylnitrosamine-induced
oxidative stress and liver injury in rats. Environ Toxicol
Pharmacol 36:529-538.
https://doi.org/10.1016/j.etap.2013.05.014

Bosch-Barrera J, Menendez JA (2015) Silibinin and
STAT3: A natural way of targeting transcription factors
for cancer therapy. Cancer Treat Rev 41:540-546.
https://doi.org/ 10.1016/j.ctrv.2015.04.008

Bugide S, Gonugunta VK, Penugurti V, Malisetty VL,
Vadlamudi RK, Manavathi B (2017) HPIP promotes
epithelial-mesenchymal  transition and  cisplatin
resistance in ovarian cancer cells through PI3K/AKT
pathway activation. Cell  Oncol  40:133-144.
https://doi.org/ 10.1007/s13402-016-0308-2

Chen B, Zhao J, Zhang S, Zhang Y, Huang Z (2016)
HPIP promotes gastric cancer cell proliferation through
activation of cap-dependent translation. Oncol Rep
36:3664-3672. https://doi.org/10.3892/0r.2016.5157

Coskun G, Ozgir H (2011) Apoptoz ve Nekrozun
Molekiiler Mekanizmasi. Cukurova Universitesi Tip
Fakiiltesi Arsiv Kaynak Tarama Dergisi 20:145-158.

Deep G, Raina K, Singh RP, Oberlies NH, Kroll DJ,
Agarwal R (2008) Isosilibinin inhibits advanced human
prostate cancer growth in athymic nude mice: comparison
with silymarin and silibinin. Int J Can 123:2750-2758.
https://doi.org/10.1002/ijc.23879

Dincel GC, Kul O (2016) Patolojik Apoptozis ve Tani
Yontemleri. Giimiishane University Journal of Health
Sciences 5:86-108.

Elmore S (2007) Apoptosis: a review of programmed cell
death. Toxicol Pathol 35:495-516.
https://doi.org/10.1080/01926230701320337

Eo HJ, Park GH, Song HM, Lee JW, Kim MK, Lee MH,
Lee JR, Koo JS, Jeong JB (2015) Silymarin induces
cyclin D1 proteasomal degradation via its
phosphorylation of threonine-286 in human colorectal
cancer  cells. Int  Immunopharmacol  24:1-6.
https://doi.org/ 10.1016/j.intimp.2014.11.009

Eroz R, Karatas A, Alko¢ OA, Baltaci D, Oktay M,
Colakoglu S (2012) Apoptozis Hakkinda Bilinenler
(Literattir Taramast). Diizce Tip Dergisi 14:87-101.
FanL,MaY,LiuY, Zheng D, Huang G (2014) Silymarin
induces cell cycle arrest and apoptosis in ovarian cancer
cells. Eur J Pharmacol 743:79-88.
https://doi.org/10.1016/j.ejphar.2014.09.019

Fujise Y, Okano J, Nagahara T, Abe R, Imamoto R,
Murawaki Y (2012) Preventive effect of caffeine and
curcumin on hepato-carcinogenesis in
diethylnitrosamine-induced rats. Int J Oncol 40:1779-
1788. https://doi.org/10.3892/ij0.2012.1343

Gopalakrishnan R, Sundaram J, Sattu K, Pandi A,
Thiruvengadam D (2013) Dietary supplementation of
silymarin is associated with decreased cell proliferation,
increased apoptosis, and activation of detoxification
system in hepatocellular carcinoma. Mol Cell Biochem
377:163-176. https://doi.org/10.1007/s11010-013-1582-
1

Gupta P, Bansal MP, Koul A (2013) Evaluating the
effect of lycopene from Lycopersicum esculentum on
apoptosis during NDEA induced hepatocarcinogenesis.
Biochem Biophys Res Commun 434:479-485.
https://doi.org/10.1016/j.bbrc.2013.03.099

Imamoto R, Okano JI, Sawada S, Fujise Y, Abe R,
Murawaki Y (2014) Null anticarcinogenic effect of
silymarin on diethylnitrosamine-induced
hepatocarcinogenesis in rats. Exp Ther Med 7:31-38.
https://doi.org/10.3892/etm.2013.1391

Jin Z, El-Deiry WS (2005) Overview of cell death
signaling pathways. Cancer Biol Ther 4:139-163.
https://doi.org/10.4161/cbt.4.2.1508

Kaya C, Caliskan Y, Yonden Z (2012) Apoptozis.
Mustafa Kemal Universitesi Tip Dergisi 3: 26-37.

Man S, Li J, Fan W, Chai H, Liu Z, Gao W (2015)
Inhibition of pulmonary adenoma in diethylnitrosamine-
induced rats by Rhizoma paridis saponins. J Steroid
Biochem Mol Biol 154:62-67.
https://doi.org/10.1016/j.jsbmb.2015.07.004

Mansour MA, Aljoufi MA, Al-Hosaini K, Al-Rikabi
AC, Nagi MN (2014) Possible role of selective,
irreversible, proteasome inhibitor (carfilzomib) in the
treatment of rat hepatocellular carcinoma. Chem Biol
Interact 215:17-24.
https://doi.org/10.1016/j.cbi.2014.03.001

Matsuda M, Nakamoto Y, Suzuki S, Kurata T, Kaneko
S (2005) Interferon-y-mediated hepatocarcinogenesis in
mice treated with diethylnitrosamine. Lab Invest 85:655-
663. https://doi.org/10.1038/labinvest.3700257

Medhat A, Mansour S, El-Sonbaty S, Kandil E,
Mahmoud M (2017) Evaluation of the antitumor activity
of platinum nanoparticles in the treatment of
hepatocellular carcinoma induced in rats. Tumour Biol
39:1-10. https://doi.org/10.1177/1010428317717259

Merhan O, Ozcan A, Atakisi E, Ogﬁn M, Kikirt A
(2016) The Effect of B-carotene on Acute Phase Response
in Diethylnitrosamine Given Rabbits. Kafkas Univ Vet
Fak Derg 22:533-537.
https://doi.org/10.9775/kvfd.2016.14995

Patial V, S M, Sharma S, Pratap K, Singh D, Padwad YS
(2015) Synergistic effect of curcumin and piperine in
suppression of DENA-induced hepatocellular carcinoma
in rats. Environ Toxicol Pharmacol 40:445-452.
https://doi.org/10.1016/j.etap.2015.07.012

Raghunandhakumar S, Paramasivam A, Senthilraja S,
Naveenkumar C, Asokkumar S, Binuclara J, Jagan S,

15



Anandakumar P, Devaki T (2013) Thymoquinone
inhibits cell proliferation through regulation of G1/S
phase cell cycle transition in N-nitrosodiethylamine-
induced experimental rat hepatocellular carcinoma.
Toxicol Lett 223:60-72.
https://doi.org/10.1016/j.toxlet.2013.08.018

Ramakrishnan G, Jagan S, Kamaraj S, Anandakumar P,
Devaki T (2009) Silymarin attenuated mast cell
recruitment thereby decreased the expressions of matrix
metalloproteinases-2 and 9 in rat liver carcinogenesis.
Invest New Drugs 27:233-240.
https://doi.org/10.1007/s10637-008-9163-y

Shirakami Y, Gottesman ME, Blaner WS (2012)
Diethylnitrosamine-induced hepatocarcinogenesis is
suppressed in lecithin:retinol acyltransferase-deficient
mice primarily through retinoid actions immediately after
carcinogen administration. Carcinogenesis 33:268-274.
https://doi.org/10.1093/carcin/bgr275

Shizuma T, Ishiwata K, Nagano M, Mori H, Fukuyama
N (2011) Protective effects of fermented rice vinegar
sediment (Kurozu moromimatsu) in a
diethylnitrosamine-induced hepatocellular carcinoma
animal model. J Clin Biochem Nutr 49:31-35.
https://doi.org/10.3164/jcbn.10-112.

Sivaramakrishnan V, Niranjali Devaraj S (2009) Morin
regulates the expression of NF-kappaB-p65, COX-2 and
matrix metalloproteinases in diethylnitrosamine induced
rat hepatocellular carcinoma. Chem Biol Interact
180:353-359. https://doi.org/10.1016/j.cbi.2009.02.004

Song Y, Jin SJ, Cui LH, Ji XJ, Yang FG (2013)
Immunomodulatory effect of Stichopus japonicus acid
mucopolysaccharide on experimental hepatocellular
carcinoma in rats. Molecules 18:7179-7193.
https://doi.org/10.3390/molecules18067179

Srigopalram S, Jayraaj |A, Kaleeswaran B,
Balamurugan K, Ranjithkumar M, Kumar TS, Park JI,
Nou IS (2014) Ellagic acid normalizes mitochondrial
outer membrane permeabilization and attenuates
inflammation-mediated cell proliferation in experimental
liver cancer. Appl Biochem Biotechnol 173:2254-2266.
https://doi.org/10.1007/s12010-014-1031-y

Subramaniyan J, Krishnan G, Balan R, Mgj D,
Ramasamy E, Ramalingam S, Veerabathiran R,
Thandavamoorthy P, Mani GK, Thiruvengadam D (2014)
Carvacrol  modulates instability of  xenobiotic
metabolizing enzymes and downregulates the expressions
of PCNA, MMP-2, and MMP-9 during
diethylnitrosamine-induced hepatocarcinogenesis in rats.
Mol Cell Biochem 395:65-76.
https://doi.org/10.1007/s11010-014-2112-5

Taha MM, Abdul AB, Abdullah R, lIbrahim TA,
Abdelwahab SI, Mohan S (2010) Potential
chemoprevention of diethylnitrosamine-initiated and 2-
acetylaminofluorene-promoted hepatocarcinogenesis by
zerumbone from the rhizomes of the subtropical ginger
(Zingiber zerumbet). Chem Biol Interact 186:295-305.
https://doi.org/10.1016/j.cbi.2010.04.029

Thumvijit T, Taya S, Punvittayagul C, Peerapornpisal Y,
Wongpoomchai R (2014) Cancer chemopreventive effect

of Spirogyra neglecta (Hassall) Kiitzing on
diethylnitrosamine-induced hepatocarcinogenesis in rats.
Asian Pac J Cancer Prev  15:1611-1616.
https://doi.org/10.7314/APJCP.2014.15.4.1611

Vasquez-Garzon VR, Macias-Pérez JR, Jiménez-Garcia
MN, Villegas V, Fattel-Fazenta S, Villa-Trevifio S (2013)
The chemopreventive capacity of quercetin to induce
programmed cell death in hepatocarcinogenesis. Toxicol
Pathol 41:857-865.
https://doi.org/10.1177/0192623312467522

Wu T, Liu W, Guo W, Zhu X (2016) Silymarin
suppressed lung cancer growth in mice via inhibiting
myeloid-derived suppressor cells. Biomed Pharmacother
81:460-467.
https://doi.org/10.1016/j.biopha.2016.04.039

Wu WY, Kim H, Zhang CL, Meng XL, Wu ZS (2014)
Loss of suppressors of cytokine signaling 3 promotes
aggressiveness in hepatocellular carcinoma. J Invest Surg
27:197-204.
https://doi.org/10.3109/08941939.2013.873098

Xu X, Fan Z, Kang L, Han J, Jiang C, Zheng X, Zhu Z,
Jiao H, Lin J, Jiang K, Ding L, Zhang H, Cheng L, Fu H,
Song Y, Jiang Y, Liu J, Wang R, Du N, Ye Q (2013a)
Hepatitis B virus X protein represses miRNA-148a to
enhance tumorigenesis. J Clin Invest 123:630-645.
https://doi.org/10.1172/JC164265

Xu X, Jiang C, Wang S, Tai Y, Wang T, Kang L, Fan Z,
Li S, LiL, FuJ, LiuJ,Ji Q, Wang X, Wei L, Ye Q (2013b)
HPIP is upregulated in liver cancer and promotes
hepatoma cell proliferation via activation of G2/M
transition. IUBMB Life 65:873-882. https://doi.org/
10.1002/iub.1202

Xu XM, Deng JJ, Yuan GJ, Yang F, Guo HT, Xiang M,
Ge W, Wu YG (2011) 5-Lipoxygenase contributes to the
progression of hepatocellular carcinoma. Mol Med Rep
4:1195-1200. https://doi.org/10.3892/mmr.2011.547

Zhang XL, Yu H, Xiong YY, Ma ST, Zhao L, She SF
(2013) Resveratrol Down-Regulates Myosin Light Chain
Kinase, Induces Apoptosis and Inhibits
DiethylInitrosamine-Induced Liver Tumorigenesis in
Rats. Int J Mol Sci 14:1940-1951.
https://doi.org/10.3390/ijms14011940

Zhao JA, Peng L, Geng CZ, Liu YP, Wang X, Yang HC,
Wang SJ (2014) Preventive effect of hydrazinocurcumin
on carcinogenesis of  diethylnitrosamine-induced
hepatocarcinoma in male SD rats. Asian Pac J Cancer
Prev 15:2115-2221.
https://doi.org/10.7314/apjcp.2014.15.5.2115

16



Altay & Sahin, 2020/ Turk Vet J 2(1) : 17-23

TURKISH VETERINARY JOURNAL

- Kene Felci

Korunma)

e — —

Kiirsat ALTAY*, Omer Faruk SAHIN

Derleme

(Etiyoloji, Epidemiyoloji, Patofizyoloji, Klinik Tablo, Teshis, Tedavi ve

Sivas Cumhuriyet Universitesi, Veteriner Fakiiltesi, Parazitoloji Ana Bilim Dali, Sivas, Tiirkiye

Altay K 0000-0002-5288-1239

Sahin O F  0000-0002-3230-504X

Ozet

Keneler insan1 da igine alan genis bir konake1 spekturumuna sahip, Arachnida sinifina bagl
kan ile beslenen ektoparazitlerdir. Keneler konaklar {izerine direk parazitik etkileye sahip
oldugu gibi birgcok patojen igin vektorlilk yapmaktadirlar. Kene tiikiiriik salgisi kenenin
biyolojik zincirinin tamamlamas: i¢in hayati 6neme sahip olmakla birlikte, parazitik etkisinin
sekillenmesi ayrica patojenlerin duyarli konaklara taginmasini da saglar. Bununla birlikte bazi
kene tiirlerinin tiikiiriik salgisinda bulunan nérotoksinler konaklarinda kene felci adi verilen
felg tablosunun olusumuna yol agmaktadir. Son yillarda 6zellikle insan ve kopeklerde kene
felci vakalarinin artig1 goriilmektedir. Bu derlemede konu ile ilgili literatiirler 15181inda insan
ve hayvanlarda kene felcinin etiyolojisi, epidemiyolojisi, patofizyolojisi, gelisen klinik tablo,
teshis, tedavi yaklagimi ve korunma stratejilerinin degerlendirilmesi amaglanmgtir.

*Corresponding Author’s E-Mail: kaltay@cumhuriyet.edu.tr

Received 3 December 2019
Received in revised form 20 January 2020
Accepted 22 December 2020

Anahtar kelimeler:
Kene felci, giincel gelismeler

Cite this article: Altay K, Sahin O, F.
(2020) Kene Felci (Etiyoloji,
Epidemiyoloji, Patofizyoloji,  Klinik
Tablo, Teshis, Tedavi ve Korunma). Turk
Vet J, 2(1):17-23.

Tick Paralysis

(Etiology, Epidemiology, Pathophysiology, Clinical Picture, Diagnosis, Treatment and Prevention)

Abstract

Ticks are blood-fed ectoparasites of the Arachnid class with a broad spectrum of hosts, including humans. Ticks have direct parasitic
effects on their hosts and vectors for many pathogens. Although tick salivation is vital to complete of the tick's life cycle, the shaping
of its parasitic effect also enables the transport of many pathogens to suitable hosts. However, neurotoxins in the salivary glands of
some tick species cause the formation of a paralysis called tick paralysis in their hosts. Recently tick paralysis cases have increased,
especially in humans and dogs. The aim of this review is to evaluate the etiology, epidemiology, pathophysiology, clinical picture,
diagnosis, treatment approach and prevention strategies of tick paralysis in humans and animals in the light of relevant literature.

Key words: Tick paralysis, current developments.

Giris

Keneler yiiksek parazitik ozellikleri ve vektor
kaynakl1 hastaliklar1 bulastirmadaki rolleriyle insan
ve  hayvan  saghgmi  etkileyen  Onemli
eklembacaklilardir (Sonenshine, 1991; Nicholson,
2009). Kenelerin tiikiirik salgisi, konakta kan
emecegi noktaya tutunmasina, kan emme siirecinin
baglamasina/siirdiiriilmesine, pozisyonunun
muhafazasina diger bir ifade ile kenenin gelisme
donemlerini tamamlamasina ve ¢iftlesmesine imkan
saglamaktadir (Rodriguez-Valle ve ark., 2010).
Tiikiirtik salgisinin etkisi kenelerin kan emme siireci
ile sinirlt kalmayip, kene igin hayati 6neme sahip
bagka fonksiyonlarin gergeklesmesinde de etkilidir.

Ornegin; dehidrasyon tehlikesiyle karsi karsiya
kalan bazi kenelerin tiikiiriik bezlerinden nem emici
gozeltiler salgilayabildigi, aym1 zamanda, serin
proteaz inhibitorleri, proteazlar ve lipokalinler gibi
karmasik  bir  yapt  araciligiyla  konakgi
savunmalarinin inhibe edilmesine aracilik ettigi
bildirilmistir ~ (Francischetti ve ark., 2009;
Rodriguez-Valle ve ark., 2010; Riberio ve ark.,
2011). Bununla birlikte kenelerin konaklari tizerine
olan 6nemli bir zararl etkisi de kan emmeleri yani
parazit etkilerinin sekillenmesinde hayati 6neme
sahip tiikiiriik salgilarindan kaynaklan kene felcidir
(Masina & Broady, 1999; Mans ve ark., 2004). Bu
derlemede konu ile ilgili literatiirler 1s1¢1nda insan
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ve hayvanlarda kene felcinin  etiyolojisi,
epidemiyolojisi, patofizyolojisi, gelisen klinik tablo,
teshis, tedavi yaklasimi ve korunma stratejilerinin
degerlendirilmesi amaglanmistir.

Etiyoloji

Keneler, hayvanlar aleminin Artropoda anaci,
Chelicerata anag¢ alt1, Arachnida sifi, Acari simf
alti, Metastigmata dizisi, Ixodidae, Argasidae ve
Nuttalliellidae ailelerinde yer alirlar. Diinyada
bugiine kadar iic ailede 907 (ixodidae: 720,
Argasidae: 186, Nuttalliellidae: 1) kene tiirii
tamimlanmugtir (Barker & Murrel, 2008; Camicas ve
ark., 1998; Keirans, 1992; Keirans & Robbins,
1999; Walker ve ark., 2000). Diinya iizerinde
tanimlanan kene tiiriniin yaklasik % 10’unun insan
ve hayvanlarda kene felci ile iliskili oldugu
bildirilmis, bu tiirlerin biiylik cogunlugunu Ixodidae
(sert kene) ailesindeki kenelerin, 9 tiirii Argasidae
(yumusak kene) ailesindeki kenelerin olusturdugu
ifade edilmistir (Masina & Broady, 1999; Stone,
1986).

Kene kaynakli paraliz vakalarinda rol oynayan kene

tirleri  dlkelere gore degismektedir. Kuzey
Amerika’da Dermacentor andersoni ve
Dermacentor  variabilis, Afrika’da Ixodes

rubicundus, Rhipicephalus evertsi evertsi ve Argas
(Persicargas) walkerae, Avustralya’da Ixodes
holocyclus (Avustralya kene felci) ve Avrupa’da
Argas reflexus, Ixodes crenulatus, Ixodes
hexagonus, Ixodes ricinus, Haemaphysalis punctata
tirleri kene felci vakalarinda yogun olarak tespit
edilen tiirlerdir (Masina & Broady, 1999; Mans ve
ark., 2004; Nowak-Chmura & Siuda, 2012).

Kenelerin kan emme esnasinda salgiladiklar
tilkiiriik salgilarindaki bazi bilesiklerin konaklar
icin toksik etki gosterdikleri ve sonugta paralize
sebep olduklar ifade edilmektedir. 1. holocyclus ve
Dermacentor spp.’de bu toksinlerin 6zellikle iireme
déneminde ergin disi kenelerin beslenmesi
esnasinda ortaya ¢iktigi (Diaz, 2010), ancak bazi
kenelerin larva ve nimf donemlerinde de (Argas
walkerag) beslenme esnasinda  salgiladiklari
toksinlerinin paralize neden oldugu bildirilmistir
(Masina & Broady, 1999).

Kenelerin tiikiiriik salgilarinda  kan emdikleri
konaklar1 i¢in Ozellikle norotoksik etkiye sahip
bilesiklerin varliginin belirlendigi ¢caligmalar oldugu
gibi, bunlarmn sinir iletimi {izerine yoneldigini
gosteren deneysel calismalar da mevcuttur (Thurn
ve ark., 1992; Kaire, 1966). I. holocyclus’tan elde
edilen saflagtinlmis protein  fraksiyonlarinda
kopeklerde paralize neden olan toksinlerin

bulundugu ortaya konulmustur (Kaire, 1966). I.
holocyclus’un tiikiiriik salgilarinin  toksik etkisi
neonatal fareler iizerine yapilan deneysel
calismalarla da gosterilmistir (Stone ve ark., 1983).
I. holocyclus’un tiikriik salgisindan izole edilen ve
HT1, HT2 ve HT3 olarak isimlendirilen yaklagik 5
kDA molekiiler agirliga sahip ii¢ ndrotoksinin (HTS)
rat sinaptozomlarina baglandig1 belirlenmistir
(Thurn ve ark., 1992).

Epidemiyoloji

Kene felcinin hayvan tiirleri igerisinde Ozellikle
kopeklerde goriildiigii, ayni oranda insan sagligi igin
problem olusturdugu bununla birlikte kedi, sigr,
koyun ve atlar da ortaya ¢iktig1 ifade edilmektedir
(Doube, 1975; Malik & Farrow, 1991; Schull ve
ark., 2007; Sloan, 1968). Avustralya’da ve Galler’in
kuzeyinde evcil hayvanlar (kopek, kedi, koyun,
buzagi, domuz, tavuk ve fare) arasinda yilda
10.000’in  iizerinde kene felci  vakasiyla
karsilagildig: ifade edilmektedir (Grattan-Smith ve
ark., 1997; Stone, 1988).

Hayvanlarda kene felci ve yas iligkisi {izerine sinirli
sayida ¢alisma bulunmakta, vakalarin daha ¢ok geng
hayvanlarda ortaya ¢iktigi goriilmektedir. Kedi ve
kopeklerde vaka sayisinin en yaygin oldugu yas
doneminin 0-2 yas araligi oldugu bildirilmistir
(Diaz, 2010; Brazier ve ark., 2014). Bu durumun
yiksek motor aktivitesine ilaveten savunma
sistemlerinin gelisiminin tam olarak
tamamlanamamis olmasi ile iliskilendirilebilecegi
ifade edilmistir (Brazier ve ark., 2014).

Literatiir diizeyinde insan vakalarma ait verilerin
hayvanlara gore daha fazla oldugu goriilmektedir
(Pek ve ark., 2016; Engin ve ark., 2006; Laufer &
Chiota-McCollum, 2015). Insanlarda kene felcinin
her yas grubunda goriildiigii ancak genglerin daha
riskli grubu olusturdugu, bunun da viicut agirhig: ve
toksinin dozu ile iligkili oldugu belirtilmigtir
(Daugherty ve ark., 2005; Gordon & Giza, 2004;
Felz ve ark., 2000). Buna ek olarak enfestasyon
durumlarinda, yetiskinlerin keneleri daha kolay
tespit edilebileceklerinden maruziyet siiresinin
kisalmasinin da etkili olabilecegi ifade edilmektedir
(Diaz, 2010). Diger taraftan insan-kene felci
vakalar1 ile cinsiyet iligkisi agik degildir. 664 kene
felci vakasinin analiz edildigi bir ¢alismada ¢ocuk
vakalarmin % 64’niin kiz gocuklar1 oldugu (Rose,
1954) buna karsilik British Columbia’da 1928-1968
yillar1 arasinda, 23 yetigkin vakasiin 19 (%
83)’unun erkeklerden olustugu  bildirilmistir
(Schmitt ve ark., 1969).
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Kene felci vakalari ile kenelerin aktif oldugu
donemleri arasinda yiiksek bir iliski vardir. Kuzey
yarim kiirede kene aktivitesinin en yiiksek oldugu
donem bahar ve yaz aylaridir (Diaz, 2010). Giiney
yarim kiirede ise bu donem Agustos-Mart aylari
arasinda gorilmektedir (Hall-Mendelin ve ark.,
2011). Ancak bu mevsimsel durum yerel hava
durumlarina ve yildan yila degisebilecek yagis,
kuraklik, sicaklik gibi faktorlere de baghdir (Edlow
ve ark., 2008).

Patofizyoloji

Kene kaynakli norotoksinlerin etki mekanizmasi
tam olarak bilinmemektedir. Bu etkilerin genel
olarak botulinum toksininin etkisine benzer sekilde
etki gosterdigi ifade edilmistir (Hall-Mendelin ve
ark., 2011). 1. holocyclus tarafindan iiretilen
toksinler (holosiklotoksin) noéromuskiiler plagin
sinaptik boslugu igerisine asetilkolinin presinaptik
salimmmini inhibe etmektedir (Masina & Broady,
1999; Hall-Mendelin ve ark., 2011). Dermacentor
spp. (D. andersoni, D. variabilis) toksinleri de
benzer etkiye sahiptir. Toksinler sonugta Sinir
iletiminin  gecikmesine ve iletim siiresinin
uzamasina neden olmaktadirlar. Bu etkinin, Ranvier
bogumlarinda ve sinir uglarinda aksonal zar
boyunca sodyum ¢ikisinin  engellenmesinden
kaynaklandigi dusiiniilmektedir (Taraschenko &
Powers, 2014; Gordon & Giza, 2004). Diger taraftan
aksiyon potansiyeli sirasinda asetilkolin saliniminin
yetersizligine, uyari-sekresyon mekanizmalarinin
basarisizligi ve kalsiyum miktarindaki azalmanin
neden olabilecegi bildirilmistir (Taraschenko &
Powers, 2014; Felz ve ark., 2000).
Holosiklotoksinlerin, Dermacentor spp. tarafindan
tiretilen norotoksinlerden ¢ok daha yiiksek toksisite
gostermesinin  Ssebebi olarak norotoksine maruz
kalan konagin bulbar semptomlarinin ve kas
zayifliklarinin, kenenin tutunmasindan sonraki 24-
48 saat icinde daha yogun etki gosterdigi, klinik
iyilesmenin daha ge¢ goriildiigi ayn1 zamanda
holosiklotoksinlerin, proteaz direnci gosterdigi, pH
degisikliklerine kars1 da oldukca dayanikli oldugu
bildirilmistir (Felz ve ark., 2000; Grattan-Smith ve
ark., 1997). A. walkerae’nin larvalar ise periferik
sinir lifleri boyunca sinir uyarilarmm iletimini
zayiflaup motor noronlarinda iletim  hizim
yavaglatarak ekstremite felglerine neden olmaktadir
(Taraschenko & Powers, 2014; Maritz ve ark.,
2001).

Tikirik salgisi, toksinlere ek olarak konakgi
bagisiklik  sistemini,  fibrinolitik  enzimleri,
trombositleri ve antienflamatuar  maddeleri
etkileyen yapilar igermektedir (Hall-Mendelin ve

ark., 2011; Grattan-Smith ve ark., 1997). Bu yapilar,
lokal alerjik reaksiyonlara, 6deme, iltihaplanmalara
ve anafilaksiye neden olmaktadir (Grattan-Smith ve
ark., 1997; Pek ve ark., 2016).

Felg gegiren kopek ve kedilerden toplanan 1.
holocyclus tiirtinin  doymus disileri bu tiire ait
sialotranskriptom c¢alismalarimin  6n  analizinde
kullanilmaya baglanmistir (Ong ve ark., 2016).
Ayrica toksin ile iliskili sekans g¢alismalarinda 72
adet transkriptin toksinle iliskili dizinin ortaya
kondugu bildirilmistir (Rodriguez-Valle ve ark.,
2018). Agiga ¢ikan sonuglar norotoksinlerin (HT)
degisken aminoasit sekanslarma sahip proteinleri
kodlayan ¢ok aileli bir dizinin tyeleri oldugunu
gostermistir (Vink ve ark., 2014). HT’ler konakg1
sinir sisteminin hiicreleri ile dogrudan etkilesimi
sonucu olusan norotoksik etkiye sahiptir. Bu
toksinlerin  sentetik formlar1 in  vitro rat
sinaptozomlarina ve in vivo olarak yeni dogan
farelerde indiiklenmis yapilara uygun bir sekilde
baglanabilmistir. Bu  c¢aligmalarin  paraliz
belirtilerinin onlenmesi igin yeni uygulamalarin
gelistirilmesine, daha 6nemlisi konak canliy1 felgten
korumak igin asilarin iiretilmesine katki saglayacagi
diisiiniilmektedir (Rodriguez-Valle ve ark., 2018).

Klinik tablo

Kene felcine bagli vaka analizleri, paralizin iki
asamali oldugunu gostermektedir. Prodromal (6n
belirti) donem, spesifik olmayan grip benzeri
semptomlarla  karakterize  edilmektedir. Bu
semptomlarin ig¢inde zayiflik, uyku hali, bas agrisi,
bazen parestezi ve karincalanma gibi klinik belirtiler
goriilmektedir (Felz ve ark., 2000; Li & Turner,
2004). Semptomlar kenenin viicuda tutunmasindan
sonra ortalama 36 saat icerisinde ortaya
¢ikmaktadir. Paralizin ikinci asamasinda bu klinik
semptomlara ek olarak ileri diizey kas zayifligini
takiben kaslarda felg sekillenmektedir. Bu durumun
baglangicinda denge bozukluklar1 (ataksi) ve alt
ekstremite kas baglantilari arasinda meydana gelen
zayifik yer almaktadir (Laufer & Chiota-
McCollum, 2015). Hastalar genel olarak yiiriirken
ya da otururken bile giiglik ¢ekmektedir. Bu
donemin  klinik  belirtileri  kenenin  konaga
tutunmasindan sonra ortalama 4-7 giin aras1 ortaya
¢tkmaktadir (Laufer & Chiota-McCollum, 2015;
Diaz, 2010)

Paraliz progressiv nitelik gostermekte, daha alt

ekstremitelere  dogru  yonelip burada kas
zayifliklarina  sebep olmakta ve ilerleyen
durumlarda solunum sistemi kaslarini

etkilemektedir (Masina & Broady, 1999; Diaz,
2010). Hastalik birka¢ saat iginde ¢ok hizli bir
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sekilde gelisebildigi gibi, birkag giin i¢inde yavas bir
sekilde de gelisebilmektedir. Tendon refleksleri
hastaligin ~ siddetine bagli olarak degismez,
zayiflamaz ya da yok olmaz (Grattan-Smith ve ark.,
1997). Ekstremite bozukluklarina kranial sinirlerin
felci eslik edebilmektedir (Li & Turner, 2004).
Okulomotor sinirlerin  felci ortaya c¢ikabilir
(Taraschenko & Powers, 2014). Pupillalarin
reaksiyonu yavaslasa da 1s13a tepki vermektedirler.
Salivasyon artig1, dizartri, konugma bozuklugu,
yutma giicliigli ve g6z kapaklarinda diisme
gortilebilmektedir (Grattan-Smith ve ark., 1997;
Felz & digerleri, 2000; Dworkin ve ark., 1999).
Kene felci genellikle atessiz seyretse de viicut
isisinin hafif yiikseldigi vakalar da vardir (Diaz,
2010; Grattan-Smith ve ark., 1997). Bulant1 veya
kusma genel olarak gozlenmemektedir (Grattan-
Smith ve ark., 1997; Burke ve ark., 2005).

Altmus alt1 yasindaki bir ¢ift¢ide kol uyusmas: ile
karakterize brachial omuz felci tanis1 konuldugu,
sonrasinda subklavyen boélgede bulunan kenenin
¢ikarilmasi ile semptomlarin azaldigi bildirilmistir
(Engin ve ark., 2006). Diger bir vakada ise tipik
semptomlarin  yaninda bradikardi ve asistoli
(myokardin kasilmas1 ve Kkardiyak etkinligin
olmamasi1) goriilldugi ifade edilmistir (Grattan-
Smith ve ark., 1997). Zaman igerisinde kalp kasi
iltihab1 ve diger kaslarin iltihaplanmasi ile baglantili
kene felci komplikasyonlarimin ornekleri de
verilmigtir (Grattan-Smith ve ark., 1997).

Hayvanlarda  ¢ogunlukla  solunum  sistemi
bozukluguna, hipoksemiyi takiben hipoventilasyona
neden olan larinks felci, bronkospazm ve
respiratorik sisteme ait kas paralizleri neden
olmaktadir. Bu durum hava yollarinin kasilmasina,
yerel havalandirma sisteminin bozulmasina daha
sonra bolgede sivi birikmesine ve alveollerin
¢okmesine yol ag¢maktadir. Aymi zamanda felg
gelisimi zaman igerisinde hiperkapni (kanda CO2
miktarinin artmasi) riskini artirmaktadir. Solunum
yetmezligi olan hayvanlarin nekropsisinde kanal
tikanikliklart ve pulmoner &dem goziikmektedir
(Webster ve ark., 2012; Chomel ve ark., 2003).
Norotoksinler ayrica Kkalbin kasilma Kkuvvetinin
zayiflamasina ve zaman iginde de durmasina neden
olabilmektedir  (Westwood ve ark., 2013).
Hastaligin baglangicinda goriilen Klinik bulgular,
Guillain-Barre sendromuna benzetildigi i¢in genel
olarak ilk etapta kene felci ile bu hastaligi ayirict
tanisinin yapilmasi gerekmektedir (Dworkin ve ark.,
1999; Daugherty ve ark., 2005; Masina & Broady,
1999).

Bradikardi ve kardiyak arrest (kalbin pompalama
islemini  durdurmasi), Afrika’da bulunan O.
savignyi tutundugu hayvanlar arasinda teshis

edilmistir. Bununla birlikte bu hayvanlarda dalak,
bobrek ve akciger tikanikligiyla beraber 6dem
belirtisi de tespit edilmistir (Mans ve ark., 2004).
Kene felci gegiren atlar iizerine yapilan bir
caligmada, baslangicta zayiflik ve durgunluk
gortldigi, spinal reflekslerinin normal oldugu fakat
dil ve kuyruk kas tonusunun azalmaya basladigi,
genellikle ayaktaki hayvanlarda kas titremesi ve
disfonksiyon bulgularinin goriildiigii ayn1 zamanda
norojenik kas atrofisinin belirgin olmadig: bununla
birlikte BOS sitolojilerinin - normal  oldugu
bildirilmistir (Trumpp ve ark., 2019).

Teshis

Kene felci vakalarinda ilk etapta genellikle yanlhs
teshis konulabilmektedir. Bu nedenle kene felci
teshisi i¢in etkili bir teshis anahtar1 olusturulmalidir.
Ciinkii kene tutunmasi ve goriilen ilk semptomlar
arasinda birka¢ giinlik fark olusabilmektedir
(Inokuma ve ark., 2003; Gordon & Giza, 2004).

Kene felcinin teshisinde, Klinik semptom gosteren
konak tizerinde kene kontrolii yapmak ve keneyi ya
da keneleri bulmak 6nem tasimaktadir. Bu nedenle
tam bir wviicut (cilt) muayenesi yapilmalidir.
Muayene sirasinda kenelerin tutunmas: muhtemel
yerler (kulak arkasi, dig kulak yolu, kasik, diz kapagi
arkasi, gobek c¢evresi) dikkatli bir sekilde kontrol
edilmeli ve canli iizerinde tek bir kene bulunsa da
cok dikkatli bir tarama yapilmalidir (Dworkin ve
ark., 1999; Rose, 1954).

Kiz ¢ocuklarinin, erkek c¢ocuklardan daha fazla
etkilenmesinin sebebi olarak kene taramasinin eksik
yapilmasi bunun sonucunda uzun saglarin etkisiyle
gizlenen kenelerin paraliz riskini artirdig1 ifade
edilmektedir (Edlow ve ark., 2008). Veteriner
Hekimler konak tizerinde kene varligini arastirirken
canliyr uygun sekilde tiras edebilirler. Insanlarda
ince disli sik aralikli bir tarak kullanmak fayda
saglayabilir. Teshis ve tedavi amaciyla yapilan
muayenenin eksiksiz olmasi ¢ok 6nemlidir. Klinik
belirtiler uzun stirebilir ve kene ¢ikarilmasini takip
eden 24-48 saat i¢erisinde daha kétii sonuglar ortaya
¢ikabilir (Grattan-Smith ve ark., 1997; Felz ve ark.,
2000; Melissa, 2008). Bu durum genel olarak
Avustralya vakalarinda bildirilmistir  (Cooper,
1976). Bu hastalarin dogru ve destekleyici bir tedavi
ile hizli bir sekilde iyilesmesi beklenir. Kene paralizi
olan hastalarda beyin omurilik sivisi normaldir
(Burke ve ark., 2005).

Kene felci i¢in yapilan goriintiileme ¢alismalarinda,
laboratuvar ve norofizyolojik analizlerde genel
olarak detayli durum ortaya konulmaktadir. BT
(Bilgisayarli tomografi) ve MRG (Manyetik
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rezonans  goriintileme)  kullanilarak  yapilan
goriintiileme sistemlerinde beyin pozisyonu normal
olmasmma  ragmen,  MRG’nin  retrospektif
incelemesinde kafa derisi igerisine gdomiilii
kenelerin oldugu bildirilmistir (Burke ve ark.,
2005).

Paralize bagli norofizyolojik ¢aligmalarda normal
veya uzun latensli kas fonksiyonlarindaki zayif
geniglikler ya da sinir iletim hizina ait negatif
degisiklikler (azalma) gozlenmistir (Felz ve ark.,
2000; Pek ve ark., 2016; Engin ve ark., 2006).

Kenelerin ¢ikarilmasindan sonra genel degerler ve
iletim siiresinin normale déndigi  arastiricilar
tarafindan bildirilmistir (Felz ve ark., 2000).

Tedavi yaklasimi ve korunma

Kene felci onemli Ol¢iide tedavi edilebilir bir
hastalik olarak degerlendirilmektedir (Greenstein,
2002). Normal sartlarda kene  konaktan
uzaklastirildiktan  sonra, semptomlarin  Saatler
icerisinde diizelmeye basladig1 ve ortalama 24 saat
icerisinde tamamen iyilesme goriildiigii (Greenstein,
2002), solunum sistemine ait kaslarda paralize
ugrayan hastalarda kisa siireli mekanik ventilasyon
gerekebildigi  bildirilmistir (Diaz, 2010; Hall-
Mendelin ve ark.,, 2011). Kenenin tutundugu
bolgede, kasinti, tirtiker veya ddem tespit edilmesi
durumunda ise semptomatik tedavi 6nerilmektedir
(Hall-Mendelin ve ark., 2011).

Kene felci potansiyel olarak 6liim riski tasiyan bir
hastaliktir. Ortalama mortalite oraninin %10-12
arasinda oldugu bildirilmis olsa da dogru tedavi
uygulamalar1 ile mortalite oraninin 6nemli Glgiide
azalabildigi ifade edilmistir (Rose, 1954; Schmitt ve
ark., 1969). Semptomlari minimal diizeyde olan
hastalar, birka¢ saat gozlem altinda tutulduktan
sonra, klinik yonden bir problem sekillenmezse
taburcu edilebilirler (Masina & Broady, 1999).
Genel olarak Kuzey Amerika’da gelisen vakalara
kiyasla Avustralya vakalarinda goriilen iyilesme
daha yavas oldugu ifade edilmektedir (Greenstein,
2002). Avustralya vakalarinda, kene cikarildiktan
sonra Klinik belirtilerin olumsuz yonde degisim
gosterebildigi ve bu hastalarda iyilesme goriilene
kadar bir siire izlenmesi gerektigi belirtilmistir
(Masina & Broady, 1999).

Veteriner hekimlikte 6zellikle 1. holocyclus
toksinlerine  karst  kullanilan,  antitoksinler
mevcuttur. Anafilaktik reaksiyonlar ve diger yan
etkilere yol agmasi1 sebebiyle insanlarda kullanimi
smirlidir (Hall-Mendelin ve ark., 2011). Bununla
birlikte konaklarda holosiklotoksinlere cevap olarak

antikor iretildigi  belirtilmektedir (Masina &
Broady, 1999). ,

Kopeklerden hazirlanan hiperimmun serum ilk kez
1935 yilinda hayvanlarda kullanilmistir (Malik &
Farrow, 1991). S6z konusu hiperimmun serum
Avustralya’da zaman zaman siddetli kene felci
semptomlart goriilen insanlarda da kullanilmig
(Masina & Broady, 1999; Pearn, 1977) olmasina
karsin, insanlarda hiperimmun serumun kullanimi
ile ilgili verilerin yetersiz oldugu ifade edilmektedir
(Melissa, 2008; Due ve ark., 2013).

Kene enfestasyonlarindan korunmak ve konaga
etkisini azaltmak icin sik sik kene kontrolii yapmak,
tutunan keneleri en erken siirede saptamak ve uygun
bir sekilde ¢ikarmak gerekmektedir. Bununla
beraber 6zellikle agik hava (ormanlarda, bahgelerde,
su rezervuarlarinda) gezintilerinden sonra viicudun
kene wvarligi yoniinden dikkatli bir sekilde
incelenmesi  onemlidir. Ac¢ik renkli kiyafetler
giyilmesi, repellentler (trans-p-metan-3,8 diol
(PMD) ve W,N dietil-3-metilbenzamid gibi)
kullanilmasi, pantolon pagalarinin ¢oraplar igerisine
sokulmas1t kene enfestasyonlarma kars1 etkili
koruyucu 6nlemler arasindadir (Melissa, 2008; Due
ve ark., 2013). Hayvanlarin periyodik olarak uygun
akarisitlerle ilaglanmasi da kene tutunmalarini
Onleyeceginden, kene felci vakalarini engellemek
amaciyla kullanilmaktadir (Due ve ark., 2013).

Sonug¢

Kene felci insanlart ve hayvanlar etkileyen,
norotoksin kaynakli bir hastaliktir. Bugiine kadar
tim diinyada tanimlanan kenelerin yaklagik
%10’unun kene felcine neden oldugu bilinmektedir.
Kene felci ozellikle Kuzey Amerika ve
Avustralya’nin  dogu kiyilarinda yaygin olarak
goriilmektedir. Kene felci vakalarinin benzer klinik
semptom gosteren diger hastaliklardan ayirt
edilmesi onem tagimaktadir. Hastaligin ortaya
¢iktigi durumlarda ise dogru tedavi yontemleri
kullanilmalidir. Kene felcinin endemik oldugu
bolgelerde yasayan kisiler, hastaliktan daha ziyade
kene enfestasyonlarindan korunmak igin gerekli
onlemleri almalidirlar. Hayvanlarin da periyodik
olarak uygun akarisitlerle ilaglanmast
gerekmektedir.
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Ozet

Giiniimiiz veteriner hekimliginde, yara tedavileri klasik goriislerin disinda artik yeni teknolojik
riinlerin de dahil edilmesiyle boyutlarini degistirmistir. Bunun yaninda bal gibi baz1 kadim
preparatlarin faydalar1 ve diger bazi ilaglara olan istiinliikleri yeniden tartisiimaya
baglanmustir. Bu derlemeyle agik yara tedavisinde kullanilan tedavi yontemleri ve preparatlari
bir araya toplanmaya ¢aligildi. Amacimiz bunlarin tilkemizde de aktif bir sekilde kullanilmaya

baglanmasi ve agik yara tedavisinin iyilestirilmesidir.
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Nowadays, wound management takes its place in veterinary medicine with all the new aspects and techniques employed all around
the world. In addition, the use of classical products or substances like honey brought some discussions about their benefits compared
to other drugs. In this review, we tried to collect the most important treatment methods and products which are still used in open
wound management in pet animals. Our aim, was to introduce some new concepts and knowledge in our veterinary practice and to

promote their uses in open-wound therapies.

Key words: Debridement, dressing, lavage, wound.

Giris

Yara, deri ve altindaki dokunun bitiinligiini
kaybetmesini tamimlar. Yara iyilesmesi, fibrin-
plateletten olusan pihtilarin yara hattinda birikmesi,
beyaz kan hiicrelerinin bolgeyi enfeksiyondan
korumak i¢in toplanmasi, neovaskiilarizasyon,
hiicresel  proliferasyon ve dokunun yeniden
yapilanmasindan olusur. (Anderson, 1996; Dyson,
1997; Singh ve ark., 2017)

Yaranin siniflandirilmasi ve yara tipleri

Agik yara i¢in sinif 1, 0’dan 6 saate kadarlik siirecte
gerceklesen ve  minimal  kontaminasyonla
karakterize doku travmasini ifade eder. Sif 2,
yaranin 6-12 saat arasi siiregteki  halidir;
mikroorganizma  replikasyonu  gergeklesmistir.
Teknik olarak, altin periyotla kontaminasyonun
durmasi saglanabilir. Smif 3, 12 saatten daha eski
yaralar; mikrobiyel replikasyon kritik seviyeye
ulagabilir ve enfeksiyon gelisebilir. Yara tipleri;
abrazyon, delinme yaralar1, yirtik yaralari, soyuk
yaralari, termal yaniklar ve dekiibitis yaralarindan
olusur (Pavletic, 2010; Dernell, 2006).

Yara iyilesmesi

Yara iyilesmesi; primer yara iyilesmesi, gecikmis
primer iyilesme, kontraksiyon ve epitelizasyon ile
iyilesme ve sekunder olarak iyilesme olmak tizere
dort sekilde gergeklesir (Cornell, 2012)

Yara lavaji: Akut yara temizliginde Hartmann
soliisyonu sitotoksik etkiye sebep olmamasi ile en
ideal lavaj soliisyonu gibi  gozikmektedir.
Antiseptik soliisyonlar da mutlaka gerekliyse diisiik
konsantrasyonlarda  kullanilabilir ~ (%0,05°lik
Klorheksidin, %0,1’lik povidon iodin ig¢inde).
Basmcin 4 ile 15 psi arasinda olmasi gereklidir.
Yiiksek basingh lavaj debris olusturabileceginden
ve bakteriyi doku igerisine itilebileceginden
kullanilmamalidir (Hosgood, 2012).

Dakin Soliisyonu.: Sitotoksik etki acisindan iyi
izlenmelidir.

Organik Asitler: Kollajen baglar1 zayiflatici olarak
etki eder.

Tris EDTA: Bakterilerin lizozimlerini yikilmayarak
antiseptik/ antibiyotik etki gosterir (Cornell, 2012).
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Yara debridmani

Yara debridmani segici ve segici olmayan olmak
tizere iki sekilde yapilabilir.

Cerrahi debridman: Uygun yaralar, doku hasar
boyutu ve kontaminasyon seviyesine gore ‘blok’
yontemiyle kaldirilabilir. Bu verimli, ¢ok etkili bir
yara tedavi metodudur.

Katmansal debridman: Katmansal debridman, yara
yiizeyindeki devitalize dokunun segmental olarak
alinmasidir. Eksize edilmesi miimkiin olmayan
yaralarda endikedir.

Enzimatik debridman: Kollajendz doku, debristeki
stiperfisiyal kalinti ve devitalize dokular1 eriten
topikal enzimatik ya da kimyasal ajan uygulamalar1
yapilir. Enzimatik ajanlar nekrotik dokuyu yikimlar
ve koagulum ile bakteriyal biyofilm salgilarlar; bu
da hiicresel ve humoral bagisiklik gelisiminin
artmasina izin verir. Enzimatik veya kimyasal etkili
olan ajanlar: tripsin, kollajenaz, papain ve iire. Canli
maya hiicre ekstrakti da oksijen kullanimini stimiile
eder, kollajen iretimi ve epitelizasyon saglar.
Nonenzimatik debridman pomatlar; hipertonik tuz
(%20), seker, bal, dekstran emdirilmis pomatlar.

Otolitik debridman: Otolitik debridman, nemli yara
cevresindeki 6l dokunun, endojen enzimler
tarafindan  yikimlanmasin1  saglar.  Siklikla
ulagilmasi zor dokularda tercih edilir. Nispeten az
agrili olmakla beraber ¢ok daha agir isleyen bir
yontemdir.

Mekanik debridman: Yara yiizeyinin mekanik
debridmani, nonselektif debridman saglayan
kuru/yas pansuman ve abraziv gii¢ uygulamasi
teknikleriyle saglanabilmektedir. Yas-kuru
pansuman ve kuru-kuru pansuman hizla yara
yiizeyine yapisir. Bu pansumanlar erken dénemde
yara iyilesmesi ve enfeksiyonla bas edilmesinde
oldukca etkilidir. Ancak debridman agrilidir ve
nonselektif 6zellikte olduklarindan saglikli iyilesme
dokusunu travmatize edebilir. Bu nedenle kuru-yas
ve Kkuru-kuru pansumanlar saglikli graniilasyon
dokusu tizerine uygulanmamalidir.

Biyocerrahi debridman: Kurt¢uk tedavisi, cerrahi
debridmanin uygulanamadig1 durumlarda
uygulanir. Kurtguklar; nekrotik dokular1 eriten
digestif enzimler salgilarlar. Bunlar, saglikli dermis
ve subkutanoz dokuyu zedelemedigi igin tercih
edilmektedir (Mickelson ve ark., 2016).

Topikal yara tedavisi

Bal: Bal, bakteriyostatik 6zelliginden dolay1 yara
temizlenmesine yardimci, diisik pH’da olmasi
sayesinde streptokoklar iizerinde 6ldiiriicii ve inhibe
edici etkili, ayrica stafilokok koagulaz pozitif

ozelliktedir. Yara debridmani saglar, 6dem ve
yangiy1 azaltir, granulasyon doku formasyonu ve
epitelizasyonu artirir (Mathews ve Binnington,
2002; Celimli, 2004; Molon ve Rhodes, 2015;
Williams, 1999).

Uclii  antibiyotik  yaglar:  Basitrasin  ¢inko
kombinasyonlari, neomisin siilfat ve polimiksin
stlfat gibi topikal yaglarm ozelligi, genis
spektrumlu olmalar1 ve sitotoksisitenin
olmamasidir. Primer olarak 1limli kontamine
yaralarda endikedirler. Basitrasin ¢inkonun yara
kontraksiyonunu  geciktirici  etkisi  gozden
kagmamalidir (Pavletic, 2018).

Yavas salinan Qiimiis pomatlar: %]1’lik glimiis
stilfadiyazin, "nonpartikiiler yavas salinan" giimiis
emdirilmis  ve iyonik  gimis  emdirilmis
pansumanlarin kullanimi hizli yenilenme saglar.
Iyonik giimiis emdirilmis pansumanlar yaray: genis
capta Yyeniler ve yanik tedavisinde dstiin etki
gosterir. Bunlar; su gecirmez kopik, aljinat,
gecirgen polyester yama ve Kkarboksimetil seliiloz
fiber pansuman formlarinda olur. Hidrofilik gimiis
emdirilmis pansumanlar, iyonik gimis icine jel
salinimi saglar ve bol eksudat iireten yaralarda
kullanilir. Bunlar, aerobik ve anaerobik bakteriler
tizerine aktivite gosterir, direngli zincirler, mayalar
ve filament6z mantarlara etki ederler (Ovington,
2007).

Nitrofurazon: Hidrofilik 6zellikte ve fazla siviy

absorbe edebilmektedir. Ancak yara
epitelizasyonunu geciktirir.
Polihekzametilen biguanid: %0,2°1ik

polihekzametilen biguanid sekunder yiizeyde asiri
mikrobiyal yiikiin azaltilmasinda kullanilabilir.

Gentamisin siulfat ve sefazolin: Yavas yara
kontraksiyonu ve epitelizasyon olusturur. Gram (-)
bakterilerin kontroliinii saglar (Fossum, 2018).

Penisilinler: Doku  dokuntuleri wve  irin;
aminoglikozitler, siilfonamidler ve polimiksinlerin
etkisini azaltirken penisilinler bundan etkilenmez

Mafenid: Topikal siilfa bilesigi, ak6z sprey seklinde
uretilmektedir, antibakteriyeldir (Akkan ve Karaca,
2003).

Yara iyilesmesini hizlandiricilar

Aloe vera: Aloe vera Pseudomonas aeruginosa
tizerine olan antibakteriyel etkisinden dolay1
yaniklarda tercih edilir. Ayrica fungal biiylimeyi de
inhibe eder. Antiprostaglandin ve antitromboksan
ozelligi vardir ve bu da avert (ayrilmig) dermal
iskemide yardimer olur. Fibroblastik replikasyonu
stimiile eder, dokuya penetre olabilir ve anestetize
eder. Allantoin, aloe vera iceren bir diger jel
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komponentidir; yara onarmmini stimiile eder,
suppuratif ~ yaralarda ve inatgi  iilserlerde
epitelizasyonu  destekler.  Yara  dokusunda
kalinlasmay1 da anti-inflamatuvar etkisi sayesinde
azaltir.

Acemannan: Hidrojel ve donmus kuru jel formunda,
yanik, yirtik, dermal ilser, abrazyon ve iyilesmeyen
yaralarda kullanilabilir. Acemennan makrofajlarin
IL-1 ve TNF-alfa tretimini stimiile eder, fibroblast
proliferasyonu, neovaskularizasyon, epidermal
bliyime ve motilite, granulasyon dokusunda
kollajen depolanmasini saglar (Pavletic, 2018).

Tripeptid-bakir kompleksi:  Glisil-L-histidil-lizin-
tripeptid-bakir kompleksi yara iyilesmesini stimiile
eder ve mast hiicresi, monosit ve makrofajlarin
anjiyogenez, kollajen sentezi ve epitelizasyonu igin
kemoatraktanttir. Ilerlemis, kronik iskemik acik
yaralarin iyilesmesinde etkilidir.

D-glukoz polisakkarit: Maltodekstrin kontamine ve
enfekte yaralarda, yara iyilesmesini stimiile etmek
icin kullanilir. Hidrofilik 6zelligi sayesinde siviyi
doku igine gekerek yaranmn nemli kalmasini saglar.
Ayrica  maltodekstrinin ~ antibakteriyel  ve
bakteriyostatik 6zelligi vardir. Agr1, eksudat, sislik
ve enfeksiyonu azaltir, erken graniilasyon doku
formasyonu ve epitelizasyonu saglar (Pavletic,
2018).

Seker: Seker antibakteriyel etkili olup saglikli
graniilasyon dokusu olusumuna yardimer olur. %
40’k seker soliisyonu Staphylococcus aureus
disindaki bakterilerin tiremesini durdurmaktadir. Bu
aktivitenin saglanmasi i¢in 35°C’de 100 g suya 194
g kristal seker yeterlidir (Chirife ve ark., 1982;
Yavru ve ark., 1992).

Biiytime faktorleri: Yara iyilesmesini hizlandirirlar.

Hidrolize Sigir Kollajeni: Hidrofilik preparatlari
erken fazlarda otolitik debridman igin gerekli olan
nemli ortami ve epitelizasyon i¢in optimal ¢evreyi
saglar (Pavletic, 2108).

Kitosan: Midye kabugundan elde edilen kitosanin
etken maddesi olan glukozaminin yangi hiicreleri
fonksiyonunu, biiyiime faktorii ve fibroblastlarin
graniilasyon doku formasyonunu artirdigr ve yara
iyilesmesinin ~ hizlandirdigit ~ rapor  edilmistir
(Hosgood, 2012).

Biyoiskeletler ve sentetik matriks: Semiokliiziv orti
seklinde tretilip piyasaya siiriilen biyoiskeletler;
ekstraseliiler matriks  gelisimi  igin  iskelet
olusumunu saglayarak, kronik yaralarda onarimi
hizlandurir. Sentetik matriks, matriks
metaloproteinazlarin asagi regiilasyonunu saglar,
kronik yara ¢evresini dengeler ve iyilesmeyi

hizlandirir. Yara ortamindaki nem ve 1s1 ile aktive
edildiginden ikincil ~ bir orti ile  birlikte
kullanilmalidir. Eger doku saglikli ise, ekstraseliiler
matriks, hiicre yenilenmesini  stimiile eder
interseliiler kominikasyonu diizenler.

Tissupor yara pedi: Bir tekstil tirtinii olan materyal,
gozenekli yapisiyla mekanik uyar1 yaparak yara
bolgesinde granulasyon doku olusumu ve yara
iyilesmesi saglar (MacPhail, 2013; Selgukbiricik ve
ark., 2004).

Pansuman cesitleri

Perfore
kullanilir.

film pansumanlar: Kuru vyaralarda

Kopiik pansumanlar: Kopiik pansumanlar, optimum
sicaklikta ve ¢evresi iyi oksijenize olmus nemli
dokuda miikemmel emme Kkapasitesine sahiptir.
Yara tizerindeki asirt nemi emer hafif nemli
kalmasini saglar. Yenilenmeyi, otolitik debridmani
stimiile eder, graniilasyon doku formasyonu,
kontraksiyon ve epitelizasyonu saglar (Fossum,
2018).

Hidroaktif pansumanlar: Otoliz ve debridmani

takiben gelisen nemli yara iyilesmesinin
saglanmasinda en onemli yoldur. Amorfoz
hidrojeller, tabaka seklinde hidrojeller ve

hidrokolloidler diye ii¢e ayrilir.

Hidrokolloidler:  Hidrokolloidlerin  rehidrasyon
Ozelligi had safhadadir ve yaradaki presipite
dokularin otolitik debridmanini saglar. Siiperfisiyal,
minimal eksudath yaralar i¢in ideal preparatlardir.
Ince hidrokolloidlerde bakteri iiremesi ¢ok diisiik
orandadir (Miller, 2003).

Semipermeabl film pansumanlar: Cok az eksudatli/
eksudatsiz  yaralarda nemi  siirdiirmek ve
epitelizasyona yardimci olmak igin miikemmeldir
(Tablo 1) (Liptak, 1997; Williams, 1999; Vowden
ve Vowden, 2017).

Biobran pansumanlar: Silikon film ve domuz
kollajeninden iiretilmis biyosentetik bir materyaldir.
Agirlikli olarak yanik yaralari gibi maddi doku
kayb1 olan vakalarda yara vyiizeyini ortmede
kullanilir (Preifke, 2015).

Silikon yiizeyler:  Epitelizasyon asamasindaki
yaralar veya deri greftlerinde kullanilir.

Parafin gaz: Yumusak parafin  emdirilmis
materyallerdir (Mathews ve Binnington, 2002).
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Tablo 1: Piyasada bulunabilecek yara pansuman malzemeleri

Pansuman Tipi Ticari Ismi Uretici
Melolin Smith&Nephew
. Release Johnson&Johnson
Perfore Film Adsorbanlar Skintact Robinson Health Care
Cutilin TSK Animal Health
Lyofoam Ultra Lab Ltd
Képiikler C_utinova Foam TSK Animal Health
Tielle Johnson&Johnson
Allevyn Smith&Nephew
Intrasite Smith&Nephew
Granugel ConvaTec
Nu-Gel Johnson&Johnson
Hidrojeller AquaFoam TSK Animal Health

Cutinova Cavity
Cutinova Hydro

TSK Animal Health
TSK Animal Health

Biodres DVM Pharmaceuticals
Tegasorb 3M
Hidrokolloidler Granuflex ConvaTec
Comfeel Coloplast Ltd
Kaltogel ConvaTec
Kaltostat ConvaTec
Alginatlar AlgiSite Smith&Nephew
Algosteril TSK Animal Health
Sorbsan AnimalCare Ltd
Tegagel 3M
Cutifilm BDF Medical Ltd
Semi-permeabl Adeziv Film '?ssgdeerm gl\n/wllth&Nephew
Bioclusive Johnson&Johnson
Yara iyilesmesini etkileyen dis faktorler kontrollii  sagaltimmna olanak verir. Yaranin

Pico-tesla elektromanyetik dalgalar ratlardaki agik
yaralarda yara dikisinin gerginligini ve kontraksiyon
hizin1 etkileyerek iyilesme saglamigtir. Hiperbarik
oksijen tedavisi ise plazmadaki serbest oksijen
miktarin1 artirir, yeni kapillarlarin - biliytimesini
stimiile eder ve iskemik yaralarin tedavisinde
kullanighdir. Ultrason ve fototerapi, onarimin
proliferatif formunda salinan faktorleri stimiile eder.
Bunlarin yan1 sira ozon tedavisinin de bakteri
enfeksiyonunu azaltmak, yarayr onarmak ve yara
bolgesindeki oksijen miktarini arttirmak suretiyle
yara iyilesmesini hizlandirdigi rapor edilmistir.
Ozonun tek bagina hiicre igerisine penetre olma
ozelligi bulunmadigindan susam yagi, zeytin yagi
gibi  doymamis  yag asitleriyle  birlikte
kullanilmaktadir (Giizel ve ark., 2011).

Sonug¢ olarak, onceki yillarda sadece beseri
hekimlikte kullanilan bir¢ok yontem ve materyal
artik veteriner hekimlik i¢in de kullanilabilir ve
ulagilabilir hale gelmistir. A¢ik yara iyilesmesinde
kullanilan tedavi metodu ve materyallerde,
derlememizde de degindigimiz bazi 6nemli piif
noktalara dikkat edilmesi, yaranin daha etkili ve

niteligine spesifik ajanlarin tercih edilmesi daha
verimli sonuglar elde edilmesini saglayacaktir.
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Ozet

Diinyada ve Tiirkiye’de kanser en 6nemli saglik sorunlari arasinda yer almaktadir. Hem
insanlarda hem de hayvanlarda kanser tedavisinde kullanilan ilaglarin ciddi yan etkilerinin
olmasi ve pek ¢ok kanser tiiriinde halen istenilen tedavi basarisina ulagilamamasi, kanser ile
miicadelede bilim insanlarmni yeni stratejiler ve tedavi yollar1 bulmaya zorlamaktadir. Bu
sebeple halen ruhsath olarak kullanimda olan ilaglarin anti-kanser etkilerinin aragtirilmasi ve
bu tiirden etkilerinin ortaya konulmasi hem yeni ilag gelistirme siirecindeki zamandan ve hem
de yiiksek maliyeti azaltmak bakimindan 6nem arz etmektedir. Bunun yani sira halen
kullanimda olan ruhsatlandirilmis ilaglarin biyogiivenlikleri ve hastalar {izerindeki yan
etkilerinin uzun yillardir incelenmis olmasi sebebiyle bu tiir etken maddelerin anti-kanser ilact
olarak kullanilmas1 durumunda konvansiyonel anti-kanser ilaglarin hastalar iizerindeki ciddi

yan etkilerinden kaginilmig olmas1 da kuvvetle muhtemeldir.
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Cancer is among the most important health problems in Turkey and in the world. Medications used to treat cancer have serious
adverse effects on both animals and humans. The desired therapeutic success in the fight against cancer has not been achieved yet.
For this reason, it is crucial to investigate the effects of currently licensed drugs as anti-cancer drug and to define as an alternative
treatment for cancer to decrease the high cost and time length in the process of drug development. In addition, since currently used
licensed medicines have been studied due to their biosafety and their side effects on the patients, avoidance of the use of such active
substances as conventional anti-cancer drugs on patients is extremely likely.

Key words: Benzimidazole, cancer, treatment.

Giris

Kanser, biiyiik bolimi edinsel olarak kendiliginden
veya ¢evreden kaynaklanan travmalara bagli olarak
gerceklesen DNA mutasyonlarinin neden oldugu
genetik temelli bir hastaliktir (Kumar, 2013). Diinya
Saghk Oriiti (WHO) tarafindan ise kanser,
invazyon ve metastaz yapabilen kontrolsiiz hiicre
boliinmesi olarak tarif edilmekte ve 6liim sebepleri
arasinda en yaygmn saglhik problemi olarak
bildirilmektedir (2020). Erkeklerde akciger, prostat,
kolon, mide ve karaciger kanserleri, kadinlarda ise
meme, kolon, akciger, serviks ve mide kanserleri en
yaygin kanser tiirleri arasinda yer almaktadir. Her
yil diinyada 8,2 milyon insan kanser sebebiyle
olmekte ve bu say1 diinya ¢apinda bir yilda olan tiim
O6lim vakalarinnm tahminen %13’ine denk
gelmektedir. Yine WHO verilerine gore gelecek 20
yil igerisinde yeni kanser vakalarinda %70 oraninda
bir artis olacagi ongoriilmektedir (Bray F ve ark,
2018).

Giinlimiizde kullanilmakta olan klasik
antineoplastik ilaglarin ciddi yan etkilerinin
bulunmasi, kanser tedavileri igin yeni ilag gelistirme
caligmalarina siireklilik kazandirmaktadir.  Son
yillarda kullanimda olan mevcut ilaglarin bir
kisminin - muhtemel anti-kanser etkinliklerinin
bulundugunun ortaya konmasi ile birlikte bu
ilaglarin etkinliklerinin yeniden degerlendirilmesi,
kanser ilac1 gelistirme faaliyetleri arasinda yer
almaya baslamistir (Pantziarka P ve ark, 2014). Bu
derlemede mevcutta anthelmintik olarak kullanilan
benzimidazol grubu ilaglarin  antineoplastik
etkilerine yonelik literatiir taramasi yapilarak,
benzimaidazollerin anti  kanser etkinliklerine
yonelik bilgi verilmesi amaglanmustir.
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Benzimidazollerin etki mekanizmasi, toksisitesi,
metabolizasyonu ve etkinligi

Benzimidazoller, kimyasal yapilarina eklenen
imidazol ve benzen gruplar tasiyan heterosiklik
aromatik ve organik yapidadirlar (Barker H ve ark,
1960). 1961 yilinda tiyabendazoliin gastrointestinal
parazitlere kars1 genis bir etki spektrumuna sahip
oldugunun kesfedilmesi ile birlikte kullanimi hizla
artmistir. Takip eden yillarda ise tiyabendazole ek
olarak parabendazol, kambendazol, mebendazol,
oksibendazol ve  albendazol  gibi  diger
benzimidazollerin {iretimiyle benzimidazol grubu
olarak antihelmintik ilaglarin kullaniminda ¢esitlilik
kazanilmigtir (McKellar Q ve Scott E, 1990).

Giiniimiizde benzimidazoller insan ve hayvanlarda
helmint ve funguslara kars1 kullanilmakla birlikte
insanlarda  peptik  ilser  tedavisinde  de
kullanilmaktadirlar. Benzimidazollerin insan ve
hayvanlarda kullanimi olduk¢a yaygindir (Laryea D
ve ark, 2010).

Benzimidazollerin etki mekanizmasi

Benzimidazollerin hiicresel boyutta mitokondride
oksidatif fosforilasyonu bozmak, enerji rezervlerini
tiketmek ve hiicrede oksidatif stresi artirmak
(Bogan J ve Marriner S, 1980) gibi pek cok etkisi
olmakla birlikte en temel etkisi tubulin proteini
tizerine olandir (Schmit JM, 2013). Tubulin proteini,
hiicre iskeletini olusturan ve hiicre i¢i organelleri bir
biitiin halinde tutmaya yarayan temel bir protein
olup, hiicre biiylimesinde ve hiicre boliinmesinde
hiicre canliligi i¢in hayati rolleri de bulunmaktadir
(Soengas MS ve Lowe SW, 2003; Zhuang L ve ark,
2007).

Tubulin proteinini olusturacak mikrotubiillerin
polimerizasyonu ve bu mikrotubiillerin bir araya
gelmesi  neticesinde  tubulin  olusmaktadir.
Benzimidazoller =~ mikrotubiillerin polimerize
olacaklari uglara baglanarak mikrotubiillerin
polimerizasyonunu bozmakta ve sonu¢ olarak
tubulin olusumunu inhibe etmektedirler (Bai RY ve
ark, 2011; Doudican NA ve ark, 2013; Spagnuolo
PA ve ark, 2010). Tubulin yapist bozuldugunda ise
parazite ait boliinme asamasindaki hiicrelerin mitoz
iplikgikleri kopmakta ve parazit hiicre boliinmesini
gerceklestirememektedir (Clément M-J ve ark,
2008). Bu durum parazit hiicrelerinin G2/M fazi
arasinda kalmasina ve parazit hiicrelerinin mitoza
girememesine sebep olarak bu asamada kalan
hiicrelerin apoptozuyla sonuglanmaktadir (Schmit
JM, 2013).

Benzimidazollerin farmakokinetigi

Benzimidazol grubu ilaglarin tamaminin suda
coziiniirliigi dusiiktir. Benzimidazoller, sigirlarda

oral olarak uygulanmasini takiben plazmaya ancak
4. saatte ulasmaktadirlar. Insanlarda ve kedi-kopek
gibi kiigiik hayvanlarda, ruminantlara oranla mide
hacimlerinin ve gastro-enterik igerigin hacim olarak
az olmasi sebebiyle benzimidazollerin emilimi biraz
daha yavastir. Canli tirine ve benzimidazol
icerigine gore degismekle birlikte benzimidazoller
oral yoldan verilmelerini takiben 24-30 saat arasinda
pik plazma diizeyine ulasirlar (Lanusse CE ve
Prichard RK, 1993). Benzimidazollerin yagl
diyetler ile  birlikte  kullandiklarinda  oral
emilimlerinin arttig1 bildirilmistir (Bekht1 A ve
Pirotte J, 1987). Mebendazoliin sebze yaglar ile
formiile edilmesi (Garcia-Rodriguez JJ ve ark, 2011;
Liu CS ve ark, 2012), kristal yapisinin degistirilmesi
(Chiba Y wve ark, 1991) ve PEGilasyonu
[polietilenglikol ile baglanmasi] (Bekhti A ve
Pirotte J, 1987) ile diisiik olan biyoyararlaniminin
artirilabilecegi bildirilmistir.

H2 resept6r antagonisti olan ve anti-kanser etkileri
bulunan simetidin ile albendazol ve mebendazol

birlikte kullanilabilmektedirler. Simetidin ile
mebendazoliin kombine kullanimlarinda
mebendazoliin plazma konsantrasyonunun

yiikseldigi bilinmektedir (Deva S ve Jameson M,
2012). Ayrica simetidinin kanser onleyici etkileri
olabilecegi de bildirilmektedir (Dayan A, 2003).

Kullanim1 olduk¢a yaygin olan mebendazol ve
albendazol de dahil olmak tizere hemen hemen tim
benzimidazol tiirlerinin oral yol ile verilmesinde ilk
gecis etkisine maruz kaldigi bilinmektedir (Coyne
CP ve ark, 2018; Dayan A, 2003; Sanchez S ve ark,
2000). Benzimidazollerin ilk gegis etkisi ile etkinlik
kayiplar1 benzimidazol tiiriine goére degismekle
birlikte bu oran %2 ile %60 arasinda
degisebilmektedir (Spasov A ve ark, 2002).

Benzimidazol grubu ilaglar oral alimi takiben
ruminantlarda rumenin akuoz ortaminda hizlica
emilirler. Oral yoldan alinmasim takiben 4 saat
sonra maksimum plazma konsantrasyonuna ulagirlar
(Lanusse CE ve Prichard RK, 1993).

Benzimidazollerin metabolizasyonu karacigerde
gerceklesmektedir. Karaciger metabolik
enzimlerinden sitokrom P450 (CYP) enzim ailesi,
benzimidazollerin faz 1 ve faz 2 metabolizasyonu
gerceklestiren enzimlerdir (Velik J ve ark, 2004).

Mebendazoliin karacigerde gecirdigi
metabolizasyonu konjugasyon ile
gerceklesmektedir. Mebendazol metabolizasyonu
sonucunda etkinligini  kaybeder ve inaktif
metabolitlerine doniisiir. Mebendazol
metabolizasyonu sonucunda mebendazoliin birincil
metaboliti olarak, 2-amino-5-benzoylbenzimidazole
aktif metaboliti meydana gelmektedir. Yani sira
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olusan hidroksi ve hidroksiamino metaboltileri ise
inaktifdirler (U.S. National Library of Medicine P,
2020).

Mebendazoliin karaciger enzimleri ile
metabolizasyonu normal karaciger fonksiyonu olan
kisilerde 2,5-5 saat arasinda siirmektedir. Karaciger
fonksiyonlar1 gerilemis kisilerde bu siireinin 35
saate kadar yiikseldigi bildirilmistir (Drugbank,
2020). Benzimidazollerin baslica atilim yolu ise
idrarla atilim seklindedir (Dayan A, 2003).

Benzimidazollerin toksisitesi

Benzimidazollerin  hayvanlar ve insanlardaki
kullanim  giivenligi ve toksisitesi hakkinda
gecmisten glinimiize kadar c¢alisilmigtir. Uzun
yillardir yapilan toksiste ve sagaltim giivenligi
calismalar1 sonucunda benzimidazollerin  grup
olarak, terapotik dozlarinda iyi tolere edilebilir ve
minimal  toksisiteye sahip ilaglar  oldugu
bildirilmektedir (Lanusse CE ve Prichard RK,
1993).

Albendazoliin toksik dozlarinda kopek, kedi ve
insanlarda kemik iligi toksisitesi ve buna bagh
olarak gelisen 16kopeni ve anemiye yol agtigi
bilinmektedir. Albendazol kullanilarak 6 aylik siire
ile ratlar iizerinde yapilan bir ¢alismada giinliik 30
mg/kg dozundan daha  yiiksek  dozdaki
kullaniminda, viicut agirliginda azalma, karaciger
biiytimesi ve kemik iligi hipoplazisi bildirilmistir
(Gary AT ve ark, 2004).

Fenbendazoliin ise giinlik 250 mg/kg dozda 30
giinlik kullaniminda veya 90 giin boyunca 125
mg/kg dozunda her hangi bir yan etkisinin
bulunmadigi bildirilmigtir (Diwel D, 1977).
Ratlarda fenbendazoliin oral o6ldiriicii doz 50
(OD50) dozunun 500 mg/kg dan yiiksek oldugu
bilinmektedir (Van den Bossche H ve ark, 1982).

Benzimidazollerin igerisinde mebendazol,
insanlarda uzun sireli hidatid Kist tedavisinde
kullanilan  baglica  anthelmintik  olarak  yer
almaktadir (Reute S ve ark, 2000). Insanlarda
ekinokokkozisin uzun stireli tedavisinde genel
olarak hastalarin mebendazolii iyi tolere ettikleri; 17
hasta lizerinde 24 ay siiresince yapilan bir caligmada
sadece 3 hastada reverzibl alopesi, dikkat
dagmiklhigr ve fiziksel giic disikligi gibi yan
etkilerin ¢iktig1, diger hastalarin ise tedaviye devam
ettikleri  bulgular1 ile ortaya konulmustur
(Hirschberg E ve ark, 1957).

Benzimidazollerin ruminantlarda gebeligin ilk g
haftalik stirecinde uygulanmasi halinde teratojenik
etkilerinin oldugu bildirilmektedir (Piercy D ve ark,
1979). Benzimidazollerin siit veren ineklerde siitle
atillm diizeyi hakkinda yapilan bir c¢alismada

albendazol ve okfendazol, oral ve subkutan olarak
iki farkli yolla verilmis ve siitte biraktiklar1 kalintt
diizeyleri incelenmistir. Caligma sonucunda her iki
benzimidazol tiiriiniin de siitteki kalinti diizeyinin
Amerikan Gida ve ilag Dairesi (FDA) tarafindan
izin verilen 0,6 upg/ml diizeyini ge¢medigi
bildirilmistir (Moreno L ve ark, 2005).

Benzimidazollerin anti-kanser etkinlikleri

Benzimidazollerin anti-kanser etkileri hakkinda
yapilan literatlir taramasinda pek ¢ok kanser tiirii
tizerinde yapilan c¢aligmalarda agirlikli  olarak
mebendazol tek basma kullanilarak etkinligi
konvansiyonel anti-kanser ilaglar ile mukayese
edilmigtir.

Benzimidazollerin anti-kanser etkileri ilk kez 1957
yilinda bir benzimidazol tiirevi olan amino-metil
benzimidazol molekiiliine 2 farkli Kloroetil bileseni
eklendiginde farelerde meme adenokarsinomu ve
sarkomunun inhibe edildiginin gosterilmesi ile
ortaya cikarilmigtir (Habib N ve Aboulwafa OM,
1982). 1980 li yillarda ise farkli benzimidazol tiirleri
alkilleyici maddeler ile kombine edilerek yeni elde
edilen alkillenmis benzimidazol tiirlerinin anti-
kanser etkileri olup olmadigi denenmis ve
alkillenmis benzotiazoliin lenfositik 16semide
etkinligi oldugu bildirilmistir (Holden HE ve ark,
1980; Ibrahim E-SA ve ark, 1980).

Uzun wyillar boyunca ve ¢ok sayida arastirmaci
tarafindan ¢esitli benzimidazol tiirlerinin anti-kanser
etkinliklerinin hiicresel diizeyde
mekanizmasi/mekanizmalar1 tam anlam ile izah
edilemese  bile bu c¢alismalar  sonucunda
benzimidazollerin anti-kanser etkilerinin canli tiirii
ve kanser ¢esidi ile degil, kullanilan benzimidazol
bilesiginin dozuna ve uygulama siiresine bagh
oldugu anlagilmistir (Schmit JM, 2013). Ancak
1980’ li yillarin baglarinda Holden ve arkadaslari
insan lenfosit hiicre kiiltiirleri tizerinde mebendazol,
parabendazol, kambendazol ve fenbendazoliin
mitozu durdurarak hiicre biiylimesini inhibe ettigini,
tiyabendazol ve oksfendazoliin ise bdyle bir
etkisinin olmadigin1 (Gao P ve ark, 2008) ortaya
¢ikarmalar ile birlikte benzimidazollerin hiicresel
boyuttaki etki mekanizmasina aciklik
getirilebilmistir. Ayrica fenbendazoliin anti-kanser
etkilerinin olabilecegi kazara anlagilmstir. Bu durum
fenbendazol verilen deney hayvanlarinin yanlislikla
karistirilarak insan lenfoma hiicre zenograftlarinin
bu deneklere verilmesi ve sonucta bu ratlarda
deneysel insan lemfoma kanserinin baglatilamamasi
ile anlagilmigtir (Nygren P ve ark, 2013).

Mebendazoliin de aralarinda bulundugu 10 farkli
benzimidazol tiirevi ilag, kemorezistant metastatik
melanoma kanseri iizerinde denenmis ve ¢alismada
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kullanilan 10 benzimidazol tiirevi igerisinde
oncelikle mebendazol olmak tizere albendazol,
fenbendazol ve oksibendazol tubulin inhibisyonu
bakimindan etkin bulunmuglardir. Bu c¢alismaya
arastirmacilar tarafindan farmakokinetik
ustlinliikleri bakimindan mebendezol ile devam
edilmigtir. Bu ¢alismada inhibt6r konsantrasyon 50
(IC50) 0,32 uM konsantrasyonda mebendazol
uygulandiginda kemorezistans melanoma
hiicrelerinde apoptoz artmasina karsgin
melanositlerde herhangi bir etki goriilmemistir.
Tubulin  depolimerizasyonu  sonucu  kanserli
hiicrelerde meydana gelen apoptozun hiicresel
diizeydeki  mekanizmasini  agiklamak  igin
antiapoptotik bir faktér olan Bcl-2 fosforilasyon
seviyeleri mebendazol uygulanmasimi takiben
Ol¢iilmiis ve melanosit hiicrelerinde fosforile Bcl-2
seviyesinde degisiklik tespit edilemezken kanserli
hiicrelerde fosforile haldeki Bcl-2 diizeyinin
azaldigi gbzlenmistir. Bdylelikle mebendazol
uygulanan melanoma kanser hiicrelerinde tubulin
inhibisyonu sonucu hiicrelerin apoptoze ugradiklari
ve ayrica mebendazoliin antiapoptotik fakt6rlerden
biri olan Bcl-2 yi fosforilasyon diizeyini disiirerek
kanserli hiicrelerin apoptozten kag¢malarim1 da
engelledigi agiklanmistir. Bu ¢alismada mebendazol
uygulanan melanositlerde ise Bcl-2 diizeyleri
kontrol grubuna gore dikkat ¢ekici oranda diisiis
gostermistir (Doudican N ve ark, 2008).

2002 yilinda yapilan bir ¢alismada insan akciger
kanseri hiicreleri iizerinde mebendazoliin anti-
kanser etkinligi hem in-vitro hem de in-vivo olarak
degerlendirilmigtir. Bu  ¢alisma  sonucunda
mebendazoliin konsantrasyon ve zamana bagh
olarak IC50 0,16 uM konsantrasyonda mikrotubiil
inhibisyonu yapmasi sebebiyle kanserli hiicrelerde
hiicre boliinmesini, hiicre siklusunun G2/M gegis
fazinda durdurdugu ve  hiicre bdliinmesini
tamamlayamayan kanser hiicrelerinin apoptoza
ugradigi in-vitro olarak gosterilmistir. Daha da

Oonemlisi bu c¢alismada mebendazol 1 uM
konsantrasyonda;  yani  neredeyse  kanserli
hiicrelerde ~ mikrotubulin  inhibisyou  yaptig1

konsantrasyonun yaklasik 6 kati1 yiiksek bir
konsantrasyonda dahi insan umblikal ven endoteli
hiicrelerinde (HUVECs) ve insan fibroblast
hiicrelerinde (W138) herhangi bir etki géstermemis
olmasidir. Aym ¢alismada akciger kanser hticresi
zenograftlar farelere verilerek kanserli hiicrelerin
metastaz yetenekleri fareler tizerinde in-vivo olarak
test edilmis ve sonugta oral mebendazol uygulanan
farelerdeki metastazin kontrol grubuna oranla 5 kat
daha diisik seviyelerde oldugu goézlemlenmistir.
Yine bu calismada in-vivo olarak
neovaskiilarisazyon diizeyide test edilmis ve
mebendazol uygulanan  gruptaki  deneklerde

apoptoza ugrayan endotel hiicreleri sebebiyle
anjiyogenezin  baskilandigi  tespit  edilmistir
(Mukhopadhyay T ve ark, 2002).

Mebendazoliin kiiciik hiicreli olmayan akciger
kanser hiicreleri tizerindeki anti-kanser etkilerini
incelemek i¢in Sasaki ve arkadaslar1 tarafindan
yapilan bir calismada mebendazoliin anti-kanser
etkinligi hem in-vitro ve hem de in-vivo ¢aligmalar
ile izah edilmistir. Bu ¢alismada kanserli hiicreler
tizerinde  mebendazoliin  tubulin proteini
polimerizasyonunu bozmasi (tubulin
depolimerizasyonu) sonucunda mitoz igciklerinin
normal formasyonlarinin bozuldugu ve kanserli
hiicrelerde mitozun inhibe edildigi in-vitro olarak
gosterilmistir. Mitoz boliinmenin inhibe edilmesi
sebebiyle kanserli hiicreler apoptoza ugrayarak
hiicre olimii  gergeklesmistir. Bu ¢alismada
mebendazoliin in-vivo etkinligi bir anti-kanser ilag
olarak halen kanser tedavisinde kullanilmakta olan
paklitaksel ile Kkarsilagtirilmistir. Oral olarak
mebendazol verilen farelerde ¢ok kuvvetli anti
timor etkiler ve kanserli hiicrelerin metastazinda
inhibisyon tespit edilmis ve bu esnada paklitaksel ile
yapilan denemede gozlenen higbir yan etki ortaya
¢tkmamustir (Sasaki J-i ve ark, 2002).

2008 yilinda insan adrenokortikal karsinomasinda
mebendazoliin in-vitro ve in-vivo etkinligi test
edilmistir. Iki kanser hatt1 hiicre kiiltiirii ve 3 farkli
normal fibroblast hiicre kiiltiiriine (H295R, SW-13
ve WI-38) farkli konsantrasyonlarda mebendazol
ayn1 anda uygulanmis ve adrenokortikal karsinoma
hiicre kiiltiirlerinde 1C50 0,23 uM konsantrasyonda
hiicre boliinmesi ve biiyiimesi inhibe olurken,
normal fibroblast hiicre kiiltiirlerinde 1C50 0,27 uM
konsantrasyonda dahi her hangi bir etki
gozlenmemistir. In-vivo denemede ise 1 uM
konsantrasyonda mebendazol uygulanan deneklerde
yaklagik 20 giinde tiim tiimor hiicrelerinin 6ldagii
gOzlenmistir. Arastirmacilar bu ¢alismalarinda in-
vitro ve in-vivo kosullarda mebendazoliin kanserli
hiicrelerde apoptozu indiikledigini, in-vitro olarak
kanserli  hiicerlerin invazyon ve migrasyon
yeteneklerini inhibe ettigini ve in-vivo kosullarda
metastazin engellendigini bildirmislerdir. Sonug
olarak arastirmacilar temelde mebendazoliin
kanserli hiicrelerde olusturdugu tubulin
depolarizasyonu sonucunda hiicre bdoliinmesinin
engellenmesi ve hiicre siklusunda mitoz asamasi
sekteye ugrayan hiicrelerin apoptoz yoluyla
Olmelerine dayandirmiglardir (Martarelli D ve ark,
2008).

Mebendazoliin antiapoptotik faktorler tizerindeki in-
vivo etkinligi ve bu etkinligin bir anti-kanser ajani
olarak kullanilan temozolomid ile mukayesesi i¢in
atimik fareler kullanilarak insan melanoma
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zenograftlar1 ile bir hayvan modelleme calismasi
yapilmistir. Bu ¢alismada deneye katilan farelere
insan melanoma zenograftlart verilmesini takiben
deneklerin tamaminda 3-5 mm tiimor gelistikten
sonra, giinliik oral 1 mg/kg mebendazol verilen
grup, giinliik oral 2 mg/kg mebendazol verilen grup
ve 5 giin boyunca giinliik intraperitoneal 100 mg/kg
temozolomid verilen grup olmak tizere gruplar
olusturulmustur. Kontrol grubuna oranla 1 mg.
dozda mebendazol uygulanan farelerde tiimor
kitlesinde % 83, 2 mg/kg konsantrasyonda
mebendazol uygulanan farelerde ise timér
kitlesinde % 77’ lik bir kiigilme tespit edilmistir.
Temozolomid uygulanan grupta da ayni sonuglar
ortaya ¢ikmus olmakla birlikte bu ¢alisma ile insan
melanoma kanser hiicrelerinde temozolomid ile elde
edilebilecek tomor regresyonunun herhangi bir yan
etki ile karsilasmadan daha diisiikk dozlarda
mebendazol ile elde edilebilecegi gosterilmistir. Bu
caligmada da Bcl-2 fosforilasyon diizeyinde tiimor
regresyonu ile uyumlu bir disiis kaydedilmistir
(Doudican NA ve ark, 2013).

Mebendazol beyin dokusunda yeterli
konsantrasyonlara ulasabilmesi sebebiyle santral
sinir sisteminin parazitik hastaliklarinin tedavisinde
de yaygin olarak giivenli bir sekilde kullanilan bir
antiparaziter oldugu icin, mebendazoliin beyin
tiimorlerinde de kullanilip kullanilamayacagi 2011
yilinda arastirilmigtir. Glioblastoma multiforme gibi
porgnozu gayet koti olan bir beyin tiimoriinde
mebendzoliin anti-neoplastik etkileri in-vitro ve in-
vivo olarak  denenmistir. Bu  ¢alismada
mebendazoliin IC50 0,1-0,3 puM konsantrasyon
araliginda glioblastoma multiforme kanser hiicre
hattinda tubulin polimerizasyonunu azalttigi ve
bunun sonucunda kanser hiicre hattinda sitotoksik
etkiyle hiicre 6liimiine sebep oldugu dogrulanmustir.
Bu c¢alismada ayrica glioblastoma multiforme
kanser hiicre zenograftlar1 fare modellemesi
yapilarak in-vivo deneme yapilmig ve kontrol
grubuna oranla oral mebendazol uygulanan
deneklerin hayatta kalma oranin % 63 oraninda
arttig1 bildirilmistir (Bai RY ve ark, 2011).

2013 yilinda ise kolon kanseri tedavisi igin
kullanilabilecek 1600 ilag iki kolon kanser hiicre
hattinda (HCT 116, RKO) anti-neoplastik etkileri
bakimindan her bir ilag 10 uM konsantrasyonda
incelenmis ve galismaya alian 1600 ilagtan sadece
64’tnlin  kolon kanserinde kullanilmaya aday
oldugu tespit edilmistir. Kolon kanseri tedavisine
aday olarak gosterilen bu 64 ilag igerisinde
benzimidazol grubundan mebendazol, albendazol,
oksibendazol ve fenbendazol yer almustir.
Albendazoliin mebendazole gore daha ciddi yan
etkileri bulunmasi sebebiyle ¢alismaya mebendazol

ile devam edilmistir. Bu derlemede mebendazoliin
hiicre proliferasyonu ve hiicre boliinmesinde 6nemli
gorevleri bulunan kinazlara yiiksek bir affinite ile
baglanarak  kinaz inaktivasyonu olusturdugu
bildirilmistir (Pinto LC ve ark, 2015).

Kemorezistant meme kanseri iizerinde gemsitabisin
ve mebendazol, albendazol kombinasyonu
kullanilarak ~ yapilan  bir  ¢alismada  ise;
mebendazoliin tek basina kullammminda dahi
gemsitabisinden daha etkin  kanser hiicre
sitotoksisitesi ve antiproliferatif etkilere sahip
oldugu anlasilmistir. Bu ¢alismada mebendazoliin
albendazole nispeten daha yiiksek anti-kasner
etkileri bulundugu da izah edilmistir. Mebendazoliin
0,5 uM konsantrasyonda kanser hiicre hattinda
hiicre canliigimi % 63,1 oraninda diistirdigii bu
caligma ile bildirilmistir (Coyne CP ve ark, 2018).

Kedi osteosarkoma hiicreleri (DS 17) kullanilarak
yapilan in-vitro bir caligmada ise anti-kanser
Ozellikleri bakimindan fenbendazol, albendazol ve
mebendazol kullanilmustir. Her 3 benzimidazoliin de
tubulin  depolimerizasyonu  yaptigi,  kanser
hiicrelerini  hiicre  siklusunda G2-M fazinda
durdurarak apoptoze yol agtigi ve mikrotubiil
inhibisyonu yaptigi belirtilmistir. Bu ¢alismada
fenbendazoliin kanserli hiicre proliferasyonunda ve
tubulin depolimerizasyonunda grup igerisinde en az
etkin, mebendazol ve albendazoliin bu konularda
birbirleri ile benzer profilde bulunduklari,
albendazoliin ise apoptozu artirmak konusunda grup
icerisinde en az etkin benzimidazol tirt oldugu
bildirilmistir (Schmit JM, 2013).

Mide kanser hiicreleri kullanilarak yapilan bir
calismada ise mebendazol, klasik anti-neoplastik
ilaclar ile anti-kanser etkileri bakimimndan mukayese
edilmistir. Bu ¢alismada 3 farkli tip (gastrik tip
adenokarsinoma hiicresi ACP-01, diffuz tip gastrik
adenokarsinoma hiicresi ve ACP-03 intestinal tip
kanser hiicresi) gastrik kanser hiicre kullanilmis ve
her ¢ gastrik kanser hiicresi iizerinde
mebendazoliin anti-proliferatif etkileri bulundugu
gosterilmekle birlikte; diffuz tip
gastroadenokarsinoma hiicreleri tizerinde
mebendazoliin IC50 0,39 puM konsantrasyonda
olusturdugu anti-proliferatif etkiyi, 5-FU (5-
florourasil) 1C50 19,71 uM , oksaliplatin I1C50 8,85
uM, gemsitabin 1C50 7,45 uM , irrinotesan 1C50
29,83 uM , paklitaksel 1C50 2,43 uM , sisplatin
IC50 15,82 uM ve doksorubisin 1C50 0,82 uM
dozlarinda ancak olusturabilmislerdir.
Mebendazolin ayrica 0,1-0,5-1,0 uM dozlarinda
ACP-01 kanser hiicrelerinde mikrotubiil yapisini
bozdugu ve kanser hiicrelerinin invazyon ve
migrasyonunu engelledigi belirtilmistir (McKellar
QveScott E, 1990).
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Benzimidazol grubu ilaglardan mebendazoliin klinik
oncesi ¢aligmalari yani sira kanser tedavisinde yeni
tedavi protokolleri  olusturmak {izere klinik
denemeleri de baglamigtir. Halen 2 farkli klinik
deneme devam etmektedir. Amerika Birlesik
Devletleri’nde John Hopkins Hastanesi ve New
York Cohen Cocuk Hastaliklar1 Tip Merkezi’nde
stirdiiriilen her iki klinik denemede de beyinlerinde
glioblastoma bulunan kanserli hastalar tizerinde
mebendazol ile tedavi denemeleri siirdiiriilmektedir
(Pantziarka P ve ark, 2014).

Sonug¢

Benzimidazol tiirii ilaglarin anti-kanser etkileri ile
ilgili  bugiine kadar yapilan c¢aligmalardan
anlagilacag tizere; mebendazol ve albendazol basta
olmak tizere benzimizdazol grubu ilaglarin tubulin
inhibisyonu yaparak kanserli hiicrelerin apoptoz
yoluyla  oliimlerini  ve BCL-2  proteinini
fosforilasyonunu disiirerek kanser hiicrelerinin
apoptozten kurtulmalarin1 engelledikleri yapilan
caligmalardan anlasilmaktadir.

Dusiik maliyeti, iilkemizde ve pek c¢ok iilkede
ruhsatl olarak halen antiparaziter olarak kullanimda
olmasi, farmakokinetik profili ve diisiik toksisitesi
dikkate alindiginda benzimizdazol grubu ilaglarin
kanser tedavisinde kullanilabilecegi ve bu yonde
yeni ¢alismalara ihtiya¢ duyuldugu anlasilmaktadir.
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Abstract

In this case report, a 5-year-old, female cat that died during the perianesthetic period and
diagnosed with lung adenocarcinoma was described pathologically. The cat was brought to a
private veterinary clinic for shaving and anesthetized. It experienced restlessness, vomiting,
respiratory distress and died after a while of anesthetic administration. The necropsy was
performed, and gross examination showed multicentric nodular formations ranging in diameter
from 1 to 5 cm in lung. Microscopically, lepidic pattern of the adenocarcinoma of lung was
diagnosed. To our knowledge, this is a unique case in terms of both related and coexisted rare

problems (perianesthetic death and lung carcinoma) in a cat.

*Corresponding Author’s E-Mail: aaydogan@cu.edu.tr

Received 25 March 2020
Received in revised form 16 May 2020
Accepted 20 June 2020

Key words:
Lung adenocarcinoma, perianesthetic
death, pathology, cat.

Cite this article: Aydogan A, Topcuoglu
H, Haligur M, Cayanoglu U (2020) A
Case of Lung  Adenocarcinoma
Determined by Perianesthetic Death in a
Cat. Turk Vet J, 2(1):36-38.

Bir Kedide Perianestezik Oliim ile Saptanan Akciger Adenokarsinomu Olgusu

0zet

Bu olgu sunumunda, perianestezik donemde élen ve akciger adenokarsinomu tanisi alan 5 yagsinda disi bir kedi patolojik olarak
degerlendirildi. Kedi genel anestezi uygulamasiyla tiras edilmek icin ozel bir veteriner klinigine getirildi. Anestezi uygulamasindan
kisa bir siire sonra hayvanda huzursuzluk, kusma, solunum sikintist ve bu bulgularin sonunda oliim gozlendi. Nekropside, akcigerlerde
caplari 1ile 5 cm arasinda degisen, multisentrik yerlesimli nodiiler olusumlar goriildii. Mikroskobik olarak, akciger adenokarsinomu
(lepidik patern) teshis edildi. Sunulan olgu, bir kedide perianestezik 6/im ile akciger karsinomunun bir arada goriilmesinden dolay:

patolojik degerlendirmeye ve rapor edilmeye uygun gériildii.

Anahtar kelimeler: Akciger adenokarsinomu, perianestezik oliim, patoloji, kedi.

Introduction

Lung cancer is one of the most important causes of
death in human, especially in developed countries.
Primary lung tumors are very rare in domestic
animals and more often seen in older cats and dogs.
Adenocarcinoma is the most common histologic
type of lung cancer (Devesa et al. 2005). Similar to
the classification made in humans, animals have 5
types of lung carcinoma. These are lepidic,
papillary, acinar, squamous, and adenosquamous
types (Wilson 2017).

Deaths of dogs and cats in perianesthetic period may
occur due to anesthetic and surgical complications
and preexisting disease may become one of the
factors causing death. Such cases are stressful and
troubled for both veterinarians and animal owners
(De Lay 2016).

This case report describes a cat that died during the
perianesthetic period and diagnosed pathologically
with lung adenocarcinoma.

Case report

In this case report, a spayed 5-year-old, female cat
brought to a private veterinary clinic for shaving and
died perianesthetically. Systemic necropsy of the cat
was performed in the department of pathology.
Tissue samples taken for histopathological
examination were fixed in 10% formalin solution
and were embedded in paraffin after routine
procedures. Microtome sections (5 pm) from
paraffin blocks were used to stain with Hematoxylin
and Eosin (H&E) staining technique. Prepared
slides were evaluated under light microscope.
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It is reported that the owner of the cat brought her to
a private veterinary clinic for the purpose of shaving.
Then it was planned to shave under anesthesia and
for this purpose, general anesthetic medicine was
applied. The cat experienced restlessness, vomiting,
respiratory distress and died after a while of
anesthetic administration. Animal owner reported
that the cat had no previous respiratory and related
problems.

During the necropsy, multicentric nodular
formations ranging in diameter from 1 to 5 cm were
seen in the lung. These nodules were grayish-white
in color and moderate hard in touch. The cut
surfaces of the nodules were homogeneously and
also greyish-white in color. No metastatic focus was
found in the body. The liver was swollen, soft to
touch with blunt edges and also grayish-white foci
were detected throughout the liver. In addition,
mucosal thickening of intestines with hyperemia
was observed.

Microscopically,  lepidic ~ pattern  of  the
adenocarcinoma was observed in the lung. This
pattern showed alveolar wall thickening because of
cuboidal or columnar pleomorphic tumor cell
proliferation (Figure 1 and 2). Small papillary
projections towards the alveolar lumen were also
noted in some areas. Anisocytosis and
anisonucleosis were prominent in tumor cells. There
was no any evidence of metastasis and vascular
spreading. In the liver, it was seen that the classical
lobule structure was disrupted due to coagulation
necrosis, degenerative changes and congestion
(Figure 3). The hepatocytes were swollen and
contained varying size of droplets, and sinusoidal
dilatation was also observed together with
hemosiderin-laden macrophages. In intestines,
diffuse mononuclear cell infiltrations with
prominent hyperemia were seen in lamina propria.
In addition, in some areas, loss of villi was also
detected.

%
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Figure 1. Microscoy lung
adenocarcinoma, H&E, Bar=100 pm

Figure 2. Lepidic pattern of adenocarcinoma, alveolar
wall thickening by atypical tumor cell proliferation,
H&E, Bar=20 pm.
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Figure 3. Degenerative changes in
Bar=50 pm.

Discussion and conclusion

Cases of animals that die as perianesthesia are
increasing day by day and are sent to veterinary
diagnostic laboratories for necropsy. In these cases,
preexisting health problems or diseases may
conduce to mortality. Thus, in a retrospective study
of which evaluated necropsy findings in 221 animals
with perianesthetic death, preexisting diseases or
health problems were demonstrated in most animals.
However, surgical or anesthesia-related
complications were seen in a much lower rate of
cases (De Lay 2016). In the present case, an
anesthetized 5-year-old, female cat that referred to a
private veterinary clinic due to shaving was showed
restlessness, vomiting, respiratory distress and died
after a while of anesthetic administration. Gross
pathology and histopathology showed pulmonary
carcinoma, liver disorders (such as necrosis,
degeneration and congestion) and chronic enteritis.
In accordance with the literature, it was determined
that the cat died after anesthesia because of health
problems rather than anesthesia-related
complication.

In cats, primary lung cancers are very rare and show
a very aggressive spread or rapid progression even
more than dogs. Metastases occur in approximately
75-80% of cases and are observed generally in
bronchial lymph nodes and intrathoracic region;
rarely in bones of the feet and digits (Costa et al.
2012; Thrift et al. 2017; Wilson 2017). In addition,
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in a case, invasive spreading of pulmonary
adenocarcinoma in the esophagus and heart also
detected in a cat (Ambrosini et al. 2018). However,
in our case, there was no any evidence of distant
metastasis grossly and histopathologically.

Generally, histologic patterns of pulmonary
carcinoma include lepidic, papillary, acinar,
squamous, and adenosquamous types. Separate
lepidic and papillary growth of lung carcinoma is
seen approximately 25% compared to other types in
cats (Wilson 2017). In the lepidic type, alveolar wall
thickening by pleomorphic alveolar type 2
pneumocyte-like cell proliferations is prominent
histopathologic finding (Zhang et al. 2013; Wilson
2017). In this case, alveolar wall thickening due to
atypical tumor cell proliferations together with
micropapillary projections towards the alveolar
lumen in some areas were observed and determined
as lepidic type of pulmonary carcinoma.

In conclusion, this is a unique case in terms of both
related and coexisted rare problems (perianesthetic
death and lung carcinoma) in a cat. In this regard,
this report may help veterinary clinicians and animal
owners get at the most likely diagnosis and
treatments.
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