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JToksikoloji; insanlarin, diger hayvanlarin
ve cevrenin yasayan kisimlarinin sagligini
olumsuz etkileyen ajanlarin
mekanizmalarini tanimlamak ve
anlamakla ilgili bilim dahdir.



Giris-Tanimlamlar

JZehir; Canli organizmada zararli etki
gosteren mineral, bitkisel, hayvansal
va da sentez kaynakli maddeler

JUygun yol ve dozda alinmayan her
madde...



J Corpus Hippocraticum (MO 400); Deney hayvani
kullanildigini bildiren ilk kitap
Anatomik yapi belirlemek amaciyla
) Paracelcus(1493-1541)
Tum maddeler zehirdir, ilaci zehirden ayiran dozudur.
J Orfilla(1787-1853) adli eksper ; Modern Toksikoloji’nin
babasi
Deney hayvanlarinin ilk kez sistematik olarak
kullanilmasi...



Claude Bernard (1813-1878)

) Viviseksiyonun Prensi Olarak
Bilinir; Insan Sagligi ile ilgili Bilgi
Edinmek Ve Toksikolojik Calismalar
Icin Hayvan Deneylerinin Kesin
Kanit Sundugunu One Surmustur.




Claude Bernard (1813-1878)

(1 Modern biyomedikal
arastirmalar
incelelendiginde, hayvan
kullanimi ve fonksiyonel
inceleme hakkindaki en
onemli vurguya 1865
yilinda Claude Bernard’in
“Study of Experimental
Medicine’ adli kitabinin
yayimlanmasiyla
rastlanmaktadir.
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| It was said of Claude Bernard, “He is not merely a physiologist, he is physiol-

“ ogy.” His Introduction to the Study of Experimental Medicine, first published

in 1865, has remained a classic, and, more than that, a classic which is still read.



) Hayvanlarin deneylerde kullanilmasina karsi ilk
hareketler ABD’de ortaya cikti.

J Henry Bergh 1860’larda Amerikan Hayvanlara Eziyeti
Onleme Dernegi’ni kurdu. Benzer dernekler bu
olusumlari takip etti.

J 100 kisinin 6lim{ine neden olan Eliksir Siilfanilamid
(1937)

. Binlerce anomalili bebegin dogumuna neden olan
Talidomid ( 1960’lar) facialarindan sonra ABD kongresi
ilaclarin piyasaya surilmeden 6nce hayvan deneyleriyle
gUvenlik calismalarinin yapilmasini sart kosan yasayi
onayladi.

J Talidomid faciasi ise ilaclarin hamile hayvanlar lizerinde
denenmesini gerektiren yasalarin cikmasina neden oldu.



Giris-Deneysel Calismalar

JZehirlenmelerin canli hiicreler lizerinde
olusturduklari zararl etkileri ortaya koymak ve
veni tani ve tedavi yontemleri gelistirmek

I Toksik maddelerin zararh etkilerinden halki
korumak

dilaclarin ve tiketim Grtnlerinin halkin kullanimi
icin guvenli olmasini temin etmek

I Bilimsel verilere dayali olmayan deneysel
calisma yapmaktan sakin!!!



Giris-Deney Hayvani

I Hipotezi bilimsel verilere dayali olarak kurulmus
arastirmalarda ve biyolojik testlerde kullanilan
hayvanlar

A Sik kullanilan:

---Sican (Rat)
---Fare (Mice)
---Hamster
---Tavsan
---Domuz
---Maymun






Toksikoloji Arastirmalarinda Rat

I Bilimsel amaclarla evcillestirilen ilk hayvan
oldugu dusunulen sican, ilk olarak, Fransa'da
adrenal bez fonksiyonunun arastirilmasinda
deneysel olarak kullaniimistir.

) Wistar, Sprague-Dawley ve Long Evans gibi
glinumuzde toksikolojide yaygin olarak
kullanilan sican tarleridir.

JYaygin olarak kullanilan baska bir tir olan
Fischer 344, kanser arastirmalarinda
kullaniimak tzere gelistirilmistir




Toksikoloji Arastirmalarinda Rat

Tercih nedeni;

IMetabolik, fizyolojik ve anatomik
benzerlikler

_klcuk boylari

—Inispeten uysal dogal

_lkisa 6mur,

_lkisa gebelik stresi




Deneysel Calisma-Etik

Deney hayvanlarinda 4 R kurali
—IReplacement- Yerine koyma
_IReduction- Azaltma
—IRefinement- Dizeltme
_IResponsibility-Sorumluluk




JIMUmkiin oldugu kadar hayvansiz
calismal

JFilogenetik skalada daha yiiksekte
ver alan hayvan yerine daha
asagidaki hayvani kullanma



JHayvanlari kullanmaktan
kacinamadiginiz zaman; Muimkun
oldugunca daha az kullan...

JPilot calisma, Istatistik uzmanini,
Hastalik, stres gibi degiskenleri en
aza indirmek, Uygun hayvan tiru,
tekrar calismalardan kacinma....



(1 Bu az hayvanlari kullanirken hayvana en ¢ok
saygl ile islem yapin...

A Agri ve acili islemleri azaltmak.

I Mimkin olan en kisa siirede deneye son
vermek.

) Otenazi gerekli ise; en az strese sokacak
metodu secmek

) Deneydeki girisimleri uygulamadan once egitim
almak

I Hayvanlarda kullanilan 6nemli girisim
tekniklerini 6grenmek




Responsibility

JToksilojistler icin
I Kardinal R...



Deneysel Calisma Tasarimi

Jdinsan riskini tahmin etmek icin kullanilan
toksikoloji calismalarinin uzunlugu ve dizayni
duzenleyici kurumlarca yayinlanan kilavuzlara
tabidir.

JOrman ve Su Isleri Bakanligindan: Hayvan
Deneyleri Etik Kurullarinin Calisma Usul Ve
Esaslarina Dair Yonetmelik (15 Subat 2014,
Resmi Gazete)

1 Deney Hayvanlari Kullanim Sertifikasi Egitim
Programina Dair Genelge (30 Kasim 2017)



Deneysel Calismanin planlanmasi

_IEtik kurul karari alinir.
_IDeney hayvanlarinda 4R kurali dngoraldr.
_ICalismanin amaci
_IKullanilan maddenin
----Safligi
--—-Etkisi
----Doz secimi
---Gerekcesi




Deneysel Calismanin planlanmasi

JIHayvanlarin bakimi (aydinlatma,

navalandirma, nem, isi, guirtltd, uyum)

_IHayvanlarin beslenmesi (yem, su)

Jincelenen maddenin hazirlanmasi ve
uygulanmasi

JIMuayene (glinlik veya belli aralikla klinik
muayene)




Deneysel Calismanin planlanmasi

JOrnekleme (kan, idrar, otopsi sonrasi
doku ve organlar)

JAnalizler (kan, idrar, doku-organ
incelemeleri, yem tuketimi )

IBulgular (hayvanlara ve orneklere
iliskin).

ISonuclarin incelenmesi,
degerlendirilmesi, yorumlanmasi



llac-Kimyasal maddelerin

Uygulama Yollari

J Verilecek ilacin pH’si farkli ve soliisyon tahris
edici 6zellikte ise kas ici yol kullaniimamalidir.
I Teorik olarak enjekte edilecek soliisyonlar steril

olmalidir.

Jdinsan ve biyik hayvanlarda enjeksiyon
yvapilirken kullanilan asepsi ve antisepsi
kurallarina laboratuvar hayvanlarinda nadiren
basvurulur.



llag/Kimyasal maddelerin
Verilis Yolu?




Ag1z Yolu: ilaclarin
soltsyonlar icinde
verilebilmesi ve
klinik olarak uygun
bir yol olmasi
avantajlari arasinda
sayilir.




---Rat icin 3-4, fare
icin 2-3 numarali
polietilen kateterler
mide sondasi olarak
kullanilabilir.
---Plastik sondalar rat
ve tavsanlar icin
uygunken fareler icin
uygun degildir.

Gunlik gavaj
0zofageal ponksiyon
veya inhalasyon
pnomonisi nedeniyle
hayvanin 6lime yol
acabilir.

Yenidogan feeding tlip ile yapilan gavaj



Damar ici enjeksiyon veya
infuzyon:

---Oral yoldan zayif
biyoyararlanimi olan veya

kisa bir yari dmre sahip
bilesikler icin tercih edilen

yoldur. |
----Genellikle kuyruk \ /¢

venlerinden yapilir.
----Rat ve farelerde lateral
kuyruk veni genclerde
kolayca gorulirken, yasli
hayvanlarda derinin

Kuyruk ver/ﬁ'enjeksiyonu
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kalinlasmasi ile bazen
gozden kacabilir.




Damar ici enjeksiyon veya
infuzyon:

---Laboratuvar hayvanlarinda
uygulamadan 6nce kuyrugun
Isitilmasi venlerin
genislemesini
saglayacagindan onerilir.
---Ratlarin kuyruklarinin 40-
45°C’lik suya daldirilmasi
tavsiye edilmektedir.

---Fare ve ratlarin kuyruklari
yeteri derece genislediginde
25-26 numaraliigne ve 45
derecelik aci ile venaya girilir.
----Direncin azalmasi ignenin
venin icinde oldugunu
gosterir.

2 ml / 100 g vicut agirhginin enjeksiyonu,
ratta stres olmadan gerceklestirilebilir.




Deri alti yolla ila¢ verme:
---Kivrimli deri kaldirilarak
ilac uygulanir.

——-1gnenin viicut
duvarlarina paralel
tutulmasi gerekir. igne
deriyi gectikten sonra
ignenin buayukligu kadar
deri alti yolla ilerletilir.
---Deri alti uygulama icin
cogu hayvanda boyun
derisi tercih edilir.

---Deri alti ila¢ kullanmanin
en onemli avantaji yavas
yolla emilimin
gerceklesmesidir.




Periton i¢i enjeksiyon
---Rat veya fare bir
yardimci tarafindan tespit
edildikten sonra
arastirmaci bir elle bacagi
tutar ve diger elle femura
paralel olarak igneyi karnin
geri 1/4’luk kismindan
periton bosluguna uygular.
---Periton ici enjeksiyonun
avantajlari teknigin basit
ve emilimin de hizli
olmasidir

Intraperitoneal enjeksiyon teknigi




Toksisite testi ve

arastirmasi icin modeller

in vivo

_ILower organism? (solucan, balik)
lizole organlar

AHucre kltirler;i
_Kimyasal/Biyokimyasal sistemler
_IBilgisayar simUlasyonlari




I Deneysel Model: Arastirilacak hastaligin ya da
durumun hayvanda induklendigi

) Avantaji; organizma cevabi yliksek

) Dezavantaji; Maliyet, etik, hayvan refahiyla ilgili
kaygilar, turlere gore degisiklik gostermesi




Lower organisms (solucan,balik)

JAvantaji; entegre organizma cevabi
yuksek

IDezavantaji; Maliyet, gelismis
organizmlara gibi cevap
alinamamasi, hayvan refahiyla ilgili
kaygilar...
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izole organlar

JAvantaji; intakt izole doku ve damar
sistemi

1Dezavantaji; Maliyet, donor bulma
glclugl, zaman alici, sinirl yasam
suresi




JAvantaji; Hayvanlarin dogrudan dahil
olmamasi, sistemin manipule edilebilir
olmasi, disuk maliyet, cesitli
degiskenlerle calisilabilmesi

IDezavantaiji; Stabil olmayan bir sistem,
sinirli enzimsel kabiliyetler

- e N



Kimyasal/Biyokimyasal sistemler

JAvantaji; dondr organizma problemi yok,
disuk maliyetler, cesitli degiskenler
arastirilabilir, spesifik yanit.

IDezavantaji; tek tanimli mekanizmanin
arastirilmasiyla sinirl kalmasi, in vivo
sistemle bir korelasyonun olmamasi




Bilgisayar simuilasyonlari

JAvantajlar: Hayvan refahi endisesi
olmamasi, hizli degerlendirme.
IDezavantajlar: Kurulmasi pahal




I Bilgisayar modelleri ve hiicre kiltlirleri tarama
icin cok faydalidir ve sikca kullanilir
I Ancak bu modeller tiim sistemin kompleks
etkilesimlerini aciklamakta yetersizdir.
I Tedavilerin son testleri genelde hayvanlar
Uzerinde yapilir, Bu bazen yasalar ile zorunlu
tutulmustur
1 Hayvan ve hayvan disi modellerin birlikte
kullanilmasi en yararli sonucu verir.



Toksisisite Calismalari

I Bir maddenin zehirliliginin
degerlendiriimesinde esas alinan en 6nemli
kavram doz-yogunluk-etki iliskisidir

Jilaclarda oldugu gibi, zehirli maddelerde de :

---Doz

---Etkisiz doz

---En ktcuk etki olusturan doz

---Belli bir etkiyi olusturan doz

---Zehirli doz

---Old{iriicl doz



Toksisisite Calismalari

1Tek doz ve tekrarlanan doz denemeleri
olarak ikiye ayrilirlar.

1Tek doz denemeler

---Akut zehirlenme denemeleri

JITekrarlanan doz denemeleri

---Subakut (2-4 hafta)

---Subkronik (1-3 ay)

---Kronik denemeler (3-24 ay)



Toksisisite Calismalari

JIMadde kisa stireyle kullanilacaksa:
---Antimikrobiyal maddeler, agri kesiciler,
ates dusuruculer gibi-akut ve subakut
JIMadde uzun siire kullanilacaksa:
---Gida katki maddeleri, kalp ilaclari, kan
basincini dusuren ilaclar, bazi sinir sistemi
ilaclari gibi - subkronik ve kronik
JTeratojenik etkili maddeler:

---En az 3-nesilde yedirme veya kullanma
denemeleri yapilir.



Tekrarlanan doz denemeleri

I Hayvanlarin incelenen maddeye veya madde
karisimlarina kisa-orta-uzun stire devamli maruz
birakilmalari sirasinda veya sonunda olusabilecek
fizyolojik, biyokimyasal ve/veya patolojik
degisiklikleri nitel ve nicel olarak incelemek

I Maddenin etkisiz-gtivenli miktarini belirlemek

JMaddenin doku, organlar ve sistemlerde

--Uremeye ve gelismeye yonelik etkileri,

---Mutajenik ve karsinojenik etkileri,

---Sinirlere ve bagisiklik sistemine etkileri incelenir
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The Journal of Toxicological Sciences (J. Toxicol. Sci.)
Vol.43, No.7, 423-433, 2018

Original Article

A 13-week subchronic toxicity study of acetaminophen
using an obese rat model

Takeshi Toyoda', Young-Man Cho', Jun-ichi Akagi', Yasuko Mizuta', Kohei Matsushita’,
Akiyoshi Nishikawa?, Katsumi Imaida® and Kumiko Ogawa‘

Division of Pathology, National Institute of Health Sciences, 3-25-26 Tonomachi, Kawasaki-ku,
Kawasaki 210-9501, Japan
2Biological Safety Research Center, National Institute of Health Sciences, 3-25-26 Tonomachi, Kawasaki-ku,
Kawasaki 210-9501, Japan
3Onco-Pathology, Department of Pathology and Host-Defense, Kagawa University,
1750-1 Ikenobe, Miki-cho, Kagawa 761-0793, Japan

(Received January 23, 2018; Accepted April 24, 2018)

ABSTRACT — Although obesity is increasing worldwide, experimental studies examining the possi-
ble association between obesity and susceptibility to chemical toxicity are limited. In the present study,
we performed a 13-week toxicity study for acetaminophen (APAP), a well-known drug that exhibits hepa-
totoxicity as an adverse effect, using an obese rat model to investigate the differences in susceptibility
between obese and normal individuals. Male F344 and obese Zucker (lean and fatty) rats were adminis-
tered 0, 80, 253, 800, 2,530, or 8,000 ppm APAP in the diet for 13 weeks. No significant toxicity relat-
ed to APAP treatment was observed in terms of clinical signs and hematology in all three strains. Body
weight gain in F344 and lean rats was significantly decreased by 8,000 ppm APAP treatment. Significant
increases in serum total cholesterol level and relative liver weights were detected in F344 rats in the high-
est dose group. On histopathological assessment, centrilobular hepatocellular hypertrophy was observed
in the 8,000 ppm groups of F344 and lean rats, whereas no histopathological changes were induced by
APAP in fatty rats. The no-observed-adverse-effect levels (NOAELs) of APAP were evaluated to be 2,530
ppm in F344 and lean rats (142.1 and 152.8 mg/kg bw/day, respectively) and more than 8,000 ppm in fat-
ty rats (> 539.9 mg/kg bw/day). These results suggested that obese Zucker rats may be less susceptible to
APAP-dependent toxicity in the liver than their lean counterparts.



Published in final edited form as:
Neurotoxicology. 2016 September ; 56: 196-203. doi:10.1016/j.neuro.2016.08.002.

A rodent model of human organophosphate exposure producing
status epilepticus and neuropathology

W. Pouliot?, S. L. Bealer®?, B. Roach?, and F.E. Dudek?

aDepartment of Neurosurgery, University of Utah School of Medicine, Salt Lake City, UT
84108-9999

bDepartment of Pharmacology and Toxicology, University of Utah School of Medicine and College
of Pharmacy

Abstract

Exposure to organophosphates (OPs) often results in seizures and/or status epilepticus (SE) that
produce neural damage within the central nervous system (CNS). Early control of SE is imperative
for minimizing seizure-related CNS neuropathology. Although standard therapies exist, more
effective agents are needed to reduce OP-induced SE and neuronal loss, particularly therapies with
efficacy when administered 10’s of minutes after the onset of SE. To evaluate novel antiseizure
compounds, animal models should simulate the CNS effects of OP exposure observed in humans.
We characterized in rats the effects of the OP, diisopropyl flourophosphate (DFP) as a function of
dose and route of administration of supporting agents (pyridostigmine, 2-PAM, atropine); outcome
measures were mortality, electrographic seizure activity during SE, and subsequent CNS
neuropathology. Doses of DFP between 3 and 7 mg/kg consistently caused SE, and the latency to
behavioral tremors and to subsequent initiation of SE were dose related. In distinction, all doses of
DFP that resulted in electrographic SE (3—7 mg/kg) produced seizures of similar intensity and
duration, and similar CNS neuropathology (i.e., the effects were all-or-none). Although SE was
similar across doses, mortality progressively increased with higher doses of DFP. Mortality was
significantly lower when the route of administration of therapeutic agents was intramuscular
compared to intraperitoneal. This rodent model of OP poisoning demonstrates pathological
characteristics similar to those observed in humans, and thus begins to validate this model for
investigating potential new therapeutic approaches.
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Pulmonary Phototherapy to Treat Carbon Monoxide Poisoning in
Rats

Luca Zazzeron, M.D.', Chen Liu, Ph.D.7, Walfre Franco, Ph.D.2, Akito Nakagawa, Ph.D.1,
William A Farinelli, M.5.%2, Donald B Bloch, M.D.'*, R Rox Anderson, M.D.Z, and Warren M
Zapol, M.D.1

! Anesthesia Center for Critical Care Research of the Department of Anesthesia, Critical Care,
and Pain Medicine, Massachusetis General Hospital and Harvard Medical School, Boston, MA,
Usa.

2 Wellman Center for Photomedicine, Department of Dermatology, Massachusetis General
Haospital and Harvard Medical School, Boston, MA, USA

? Division of Rheumatology, Allergy and Immunclogy, Department of Medicine, Massachusetts
General Hospital and Harvard Medical School, Boston, MA, USA

Abstract

Background—Carbon monerdde (C0) poisoning is 2 common cawse of poison-related mortality.
CO binds to hemoglobin in the blood to form carbexyhemoglobin (COHY), impainng oxygen
delivery to peripheral tissues. Cwrent reatment of CO poisoned patients imvolves oxyzen
adminmisoration to rapidly remove OO and restore oxyzen delnrery. Light disseciates CO from
COHb with hizh efficiency. Exposure of murine lungs to vistble laser-generated light improved the
CO elimination rate e 777 The aims of this study were to apply pulmonary phototherapy to a
larzer animal model of CO poisoning, to test novel approaches to light delivery, and to examine
the effect of chemiluminescence-generated light on the CO elimination rate.

Methods—Anesthetized and mechanically ventilated rats were potsoned with OO and
subsequently treated with air or cocygen combined with or without pulmonary phototherapy
deliverad directly to the lungs of animals at thoracotomy, via infrapleural optical fibers or
penerated by a chemiluminescent reaction.

Results—Direct pulmonary phototherspy dissociated CO fSom COHb reducing COHb half-life
by 38%. Early treatment with phototherapy in crtically OO poisoned rats improved lactate
clearance. Light delivered to the hings of rats via imraplenral optical fibers increased the rate of
CO elimination without requiring a thoracotomy, as demonsirated by a 16% redoction in COHb
half-life Light senerated in the pleuaral spaces by a chemilominescent reaction increased the rate
of CO elimination in rats breathing oxygen, reducing the COHb half-life by 12%.
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Protective Effects of Green tea (Carmnelia sinensis), Hypericum perforatum and
Urtica dioica on Hepatic Injury and Lymphocyte DNA Damage
Induced by Carbon Tetrachloride in Wistar Rats

. Bitiren, 0. Musa, *A, Ozgonil, B Ozaslan, A, Koeyigit, ‘0. Ségit, 'Muhammet E. Guldar,
LH. Kalig, "Ali Z. Karakileik and M. Zerin
'Department of Pathology,
“Department of Biology,
‘Diepartment of General Surgery, Harran University, Sanliurfa, Turkey
"Department of Biology, Gaziantep University, Gaziantep, Turkey
“Department of Biochemistry, Harran University, Sanliurfa, Turkey
“Department of Emergency Medicine, Sanliurfa, Turkey
"Department of Physiclogy, Harran University. Sanliurfa, Turkey

Abstract: The present study was planned to investigate the protective effects of herbal methanol extracts of
Hypericum perforatum (HE) and Urtica dioica (1JD) and herbal agueous extract of Camelia sinensis (CS)-
containing antioxidants on carbon tetrachloride {CCL, -induced hepatic injury and lymphocyte DM A damage.
Adult male albino rats (n 50) were separated into five groups of ten each, as follows: control group; CCl, group;
CCLAHP extract group;, CCLAUD extract group, CCLAHCS extract group. All extract groups were fed with
200 mg kg ' extracts of HP, €8 and UD, respectively once every alternate day for 7 weeks. CCl, injestions were
applied to the CCl, and extract groups at the dose of 0.4 mL kg Malondialdehyde, total oxidant status and
total antioxidative capacity levels and catalase, supercxide dismutase and ghitathione peroxidase activities weare
sigmiicantly changed in the 1, group and mdicated increased oxidative stress. The DN A damages detected
via commet assay were significantly higher than in the CCl, group. Treatment by extracts of HP, C8 or UD were
significantly decreased this coaidative stress and ameliorated lymphocyte DNA damage. These resulis indicate
that the herbal extracts of HP, UC and C3 have beneficial effects on liver and lymphocyte DN A damage induced
by CCl, probably due to thewr antioxidant properties.
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