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ABSTRACT

In this study, the protective effects of hypothermia after trauma in the brain of rats
have been investigated. An apparatus called “Rat Thermohypotherm Device” has
been designed and implemented to induce hypothermia. To experiment with the
device, rats have been separated in two groups. Experimental traumatic brain
injury has been induced to the both groups. Hypothermia is applied only one of
these two groups. As a result, it has been observed that the hypothermia therapy
had reduced the mortality rate by 80%.
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RATLARDA TRAVMA SONRASINDA BEYNIN RAT TERMOHIPOTERM

CIHAZI KULLANILARAK KORUNMASI

OZET

Bu g¢alismada ratlarda travma sonrasinda beynin hipotermiya islemi
gerceklestirilerek korunup korunamayacagi hususu aragtirilmistir. Hipotermiyayi
gerceklestirmek i¢in “Rat Termohipoterm cihazi” tasarlanip uygulanmistir. Cihazi
denemek amacrtyla, ratlar 4 gruba ayrilmis ve iki gruba deneysel beyin travmasi
uygulanmistir. Iki gruptan sadece bir gruba hipotermiya uygulanmistir. Sonugta

gOriilmiistiir ki hipotermiya, ratlarda 6liim oranini %80 azaltmigtir.

Anahtar Sozciikler: Hipotermiya, termoelectric, beyin travmasi, 6liim orani

1. GIRIS

Diinyada trafik kazalar1 ve kaza sonucunda insanlarin
6lmesi ve sakatlanmasi biiyiik bir sorun olusturmaktadir.
Trafik kazalarinda en ¢ok beyin travmalar1 ve bu travmalar
sonrast sakatliklar yer almaktadir. Bunun i¢indir ki, Diinya
Norolojisinde travma sonrast beyin tedavi ve korunma
yontemleri  ilizerinde  genis  ¢apta  aragtirmalar
gerceklestirilmektedir (1-6). Son yillarda tiim diinyada ve
cok kisithh olarak iilkemizde travma sonrasi tedavide
serebral hipotermiya kullanilmaktadir. Hipotermiya ve
ozellikle 1lokal serebral hipotermiya ile beynin
korunabilmesinin nedeni beynin sicakligt 20°C ve 30°C
dereceye kadar diigiiriildiigiinde hi¢ bir komplikasyon
olusmamast ve beynin bir alt fonksiyonel rejime gecerek
travma sonras! ikinci darbe denilen olimciil etkilerden
korunmasidir.

1950 yilindan giliniimiize kadar gecen siire boyunca
Diinya tibbinda, o&zellikle Norolojide hipotermiyanin
onemli bir tedavi yontemi oldugu ortaya ¢ikmustir.
Hipotermiyanin miisbet etkileri diinya bilimi tarafindan
kanitlanmis ve kabul edilmis bulunmaktadir. Bu konudaki
yayinlara  baktigimizda  aragtirmalar  iki  y6nde
yogunlagmaktadir. Birincisi, hipotermiya teknikleri, bu

1. INTRODUCTION

Death and injury of humans, as a consequence of traffic
accidents, is a big problem in the world. Traumatic brain
injury is seen very frequently after the accidents. For this
reason, comprehensive research activities are carried out
on the treatment of traumatic brain injuries (1-6). For the
last years, cerebral hypothermia has being used widely as
a post-traumatic treatment method. Hypothermia,
especially local cerebral hypothermia, can be used for the
post-traumatic treatment of brain injury, because under a
temperature level between 20°C and 30°C the brain is
changed to a lower functional mode and so there will not
be any complications in the brain tissues and any mortal
effects known as secondary impact may be avoided.

The research made on hypothermia from the 1950s to
date, has proved that it is an important treatment method
especially in the field of Neurology. The positive effects
of hypothermia have been proven and now it is a widely
accepted medical treatment method all around the world.
Publications on this technique essentially focus on two
points. The first point is the development of new
hypothermia techniques and their applications. This study
contributes towards these efforts by presenting an original
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tekniklerin gelistirilmesi ve yeni tekniklerin uygulamaya
konulmast iizerinde yapilan ¢alismalardir. Bu bakimdan
caligmada kullanilan elektronik sogutma ve dl¢lim sistemi
orjinal olup cok pratiktir. Termoelektrik mikromodiille
kafay1 disaridan sogutarak (deneyde kulak soguma hizi
yaklagik 0,2°C /dk olarak gergeklesmistir) istenilen beyin
sicakligina kolayca ulasilabilindigi tespit edilmistir. Bunun
icin mikromodiile uygulanan DC akimimn artirilmasi
yeterlidir. Ayrica mikromodiile uygulanan DC akimin
yonii degistirildiginde mikromodiil 1sitict gibi davrandigi
icin hayvanm beyni kolayca istenilen sicakliga kadar
wsitilabilir. Bu teknolojiyi kullandigimizda elde edilen en
onemli sonug ise hayvanlarin ister kafa derisinde, isterse
hipotermiya sonrast durumlarda kesinlikle higbir
komplikasyonun meydana gelmemesidir (11).

Ikinci olarak, ister genel isterse lokal tip olsun
hipotermiyanin ¢esitli hastaliklarda tedavi amaciyla
kullanilmast ve bu konuyla iligili hayvansal ve klinik
uygulamalar ve aragtirmalar iizerinde yogunlagmaktadir
(9-10). Yayinlara bu agidan baktigimizda yapilan bilimsel
caligmalardan beyni korumak ve yasami kurtarmak igin
daha ¢ok genel hipotermiya uygulandigin1 gérmekteyiz.
Fakat bu yontemin sinirli ve tehlikeli oldugu da agikga
sOylenilmektedir. Genel hipotermiya yiikleme nedeniyle
kalp krizlerine neden olabilmektedir. Lokal serebral
hipotermiyanin daha pratik ve giivenilir oldugu diinyada
bilim adamlar1 tarafindan kabul edilmesine ragmen bu
yontem yaygin olarak kullanilmamaktadir. Bunun nedeni
lokal serebral hipotermiyada kullanilan eski sogutma
yontemlerinin (buz, soguk su, 1slak battaniye gibi) beyni
kisa siire icerisinde gereken dereceye kadar sogutmakta
yetersiz kalmasidir.

Organizmay:r  disardan  sogutarak  hipotermiyay1
gerceklestiren tekniklere baktigimizda, viicudu soguk
suyun igine daldirma veya kafaya buz koyma gibi ¢ok

ilkel ve pratik olmayan yontemler kullanildiginm
gormekteyiz. Giliniimiizde beyin hipotermiya islemi, tim
viicudu soguk suyun igine daldirarak

gergeklestirilmektedir. Bu yontemle beyin sicakligmin
cabucak istenilen sicakliga kadar diisiiriilmesi miimkiin
degildir. Cilinkii beyni gereken sicakliga kadar diisiirmek
icin viicudun uzun siire soguk suyun iginde tutulmasi
gerekmektedir. Bu durumda kalp yiiklenmektedir ve
tehlikeli komplikasyonlar meydana gelmektedir. Bu
nedenle lokal serebral hipotermiya yontemi ile beyni
sogutmak ¢ok oOnemlidir. Diger taraftan kafaya buz
koyarak yapilan lokal hipotermiyada ise istenen sogutma
hizi ve sicaklik diisiisii saglanamamaktadir (7-8). Bu
sebeple, diinyada hicbir komplikasyon meydana
getirmeyen ve ¢ok pratik olan lokal serebral hipotermiya
teknik ve yontemleri lizerinde arastirmalar yapilmaktadir
(9-10).

Termoelektrik sogutma oldukca diisiik sicakliklara
kadar gayet hizl1 bir sekilde bunu yapabilme kapasitesine
sahiptir. Aym1 zamanda sicakliklarin  ve sogutma
islemlerinin kolay ve hassas bir sekilde control edilmesi
avantajina  sahiptir. Dolayisiyla bu yeni teknigin
avantajlar1 onu, local serebral hipotermiya teknikleri i¢in
uygun bir aday yapmaktadir.

Bu nedenlerden dolay: yariiletken teknolojiye dayanan
esnek veya esnek olmayan termoelektrik mikromodiillii

electronic cooling and temperature controlling system to
provide an easy and reliable induction of hypothermia.
The required brain temperatures are achieved by cooling
the head using thermoelectric modules. In this study, the
ear (brain) cooling speed has been calculated as
approximately 0.2°C/min by dividing the difference of
initial and final temperatures to cooling duration. Higher
or lower cooling speeds can be achieved by simply
controlling the DC current of the thermoelectric
micromodule. In this technique, the head of the subject
can be heated easily by changing the direction of the DC
current, flowing through the thermoelectric micromodule.
Application of this technique does not cause any
complications during and following the application of
hypothermia (11).

The second type of publications focuses on the clinical
applications of both local and general hypothermia and
their usefulness in the treatment of various illnesses (9-
10). In this type of publications, it is seen that mostly
general hypothermia is used. However, it is also pointed
out that general hypothermia is limited and has severe
dangers in practice. General hypothermia can cause heart
attack by the immense load. However, local cerebral
hypothermia is accepted by the most world medical
authorities as a more practical and reliable method, and it
is not widely used. This is because the old cooling
methods used in local cerebral hypothermia (such as ice
compress) are not effective in cooling the brain to
sufficient temperatures with adequate speed.

As conventional external cooling techniques of
organisms are observed, the cooling is achieved by
immersing the body to cold water bath or by placing an ice
cube over the head. In fact, both techniques are very
primitive and not very practical. Additionally, it is not
possible to cool down the tissue sufficiently and rapidly in
these techniques. It takes a long time to cool down the
body to a required point by using cold water baths and
hence this can cause dangerous complications as indicated
above. Therefore, it is important to cool down the brain
with a proper local cerebral hypothermia method, because
placing an ice cube over the head can not give the required
cooling speed and decrease the temperature (7-8). To
achieve the target of fast cooling, studies are being made
to obtain a practical local cerebral hypothermia without
any complication (9-10).

Thermoelectric cooling has the capacity to do this down
to very low temperatures and it can make this very
quickly. It also has the advantage of easy and precise
control of temperatures and cooling process. Therefore,
the advantages of this new technique make it appropriate
for local cerebral hypothermia.

For these reasons, the Rat Thermohypotherm device has
been realized (11), which uses both rigid and flexible
semiconductor thermoelectric micro-modules as a cooling
device for inducing local hypothermia. In this study, the
protection of brain after experimental traumatic brain
injury in Wistar-Albino type rats by inducing local
cerebral  hypothermia  using the devised Rat
Thermohypotherm device has been investigated. The
following section provides the details of the mechanism
used in this study while section 3 presents the results,
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Rat Termohipotermiya sogutma ve Olgliim sistemi
gelistirilmistir (11). Bu ¢alismada, Rat Termohipotermiya
cihazin1 kullanarak Wistar-Albino tipi ratlarda deneysel
beyin travmasi sonrast beynin lokal serebral hipotermiya
ile korunmasmin incelenmesi yapilmistir. Bir sonraki
bolim bu calismada kullanilan sistemin detaylarim
verirken 3. bolim sonuglari, 4. bolim ise sonuglarin
yorumunu vermektedir.

2. YONTEM VE GERECLER

Bu calismada, Wistar albino soyu geng eriskin erkek
ratlar kullanilmisgtir. Hayvanlar uygulamalara gore 4 gruba
ayrilmigtir.  Bunlarla ilgili detaylar Cizelge 1°de
verilmistir.

Table 1. Animal Groups and Treatment
Cizelge 1. Hayvan gruplar ve yapilan uygulamalar

section 4 provide the conclusion of this pages.

2. METHOD AND MATERIALS

In this work, Wistar-Albino type male adult rats have
been used. Animals have been divided into four groups
according to the applications, which are given in Table 1
in detail.

APPLICATIONS / YAPILAN UYGULAMALAR
GROUPS/ NUMBER/
GRUPLAR SAYI
Application of ether narcosis, measurement of ear and rectum temperatures and weight and
GROUP 1/ beam-balance scores./ Eter narkozu verildi, kulak ve rektum sicakliklari, agirlik ve denge
10 skoru 6l¢iildi.
GRUP 1
GROUP 2/ Application of ether narcosis and local cerebral hypothermia, measurement of ear and rectum
temperatures and weight and beam-balance scores/ Eter narkozu verildi, lokal serebral
GRUP 2 10 hipotermiya uygulandi, kulak ve rektum sicakliklari, agirlik ve denge skoru 6lgiildii.
Application of ether narcosis and experimental traumatic brain injury, measurement of ear
GROUP 3/ and rectum temperatures, weight, beam-balance scores and mortality rate./ Eter narkozu
10 verildi ve deneysel kapali kafa travmasi uygulandi, kulak ve rektum sicakliklari, agirlik,
GRUP 3 denge skoru ve 6liim orani 6lgiildii.
Application of ether narcosis, experimental traumatic brain injury and local cerebral
GROUP 4/ hypothermia, measurement of ear and rectum temperatures, weight, beam-balance scores and
10 mortality rate./ Application of ether narcosis, experimental traumatic brain injury and local
GRUP 4 cerebral hypothermia, measurement of ear and rectum temperatures, weight, beam-balance
scores and mortality rate.

Hayvanlar1 uyutmak i¢in 5 L'lik bir kavanoz i¢ine 5 ml.
eter konuldu ve igine rat birakildi. Narkoz siiresi 15 dakika
olarak gerceklestirildi. Kulak, rektum ve mikromodiil
iizerindeki sicakliklar1 6lgmek i¢in 6zel hazirlanmig bakir
konstantan termokupl seti kullanildi (11). Olciimler
diferansiyel  termokupl yontemi ile  yapilmustir.
Termokupllar O6l¢iimlerden oOnce kalibre edilerek her
defasinda kontrol edilmistir. Beyin sicakliklarini tespit
etmek igin termokupl, ratin kulak igine yerlestirildi.
Termokupllarin ¢ikigindaki gerilim hassasiyeti £ %0,5
olan Gold Star marka multimetre ile kayit edilmistir. Daha
sonra termokupl geriliminde ki her bir 40 4V’luk gerilim
farkmm 1°C’lik bir sicakhk farkma karsilik geldigi kabul
edilerek santigrad cinsine ¢evrilmistir. Bu yOntemle
yapilan sicaklik 6l¢iimiiniin dogrulugu + 0,1 °C*  dir.

Animals have been put in a 5 1 jar containing 5 ml of
ether used for anesthesia. The duration of narcosis was 15
minutes. For the measurement of brain, rectum and micro
module temperatures, a specially designed copper-
constantan thermocouple sensor set have been used (11).
Measurements have been made wusing differential
thermocouple method. The thermocouples have been
calibrated before each measurement. Brain temperatures
have been measured from the ear of the rats. The output
voltages from the thermocouples have been recorded by
Goldstar brand digital multi-meter which have had an
accuracy of +0.5%. The recorded voltages have been
converted to temperature values knowing that every 40 pV
change in the thermocouple voltage level represented 1°C
change in the temperature. The accuracy of temperature
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Deneyler sirasinda kulak ve rektum sicakliklar siirekli
Ol¢lilmiistiir. Ratlarin agirliklarini tartmak icin hassasiyeti
0,01 gram olan Sartorius marka digital terazi kullanildi.

Sekil 1’de beyin ve rectum sicakliklarinin nasil
olgiildiigli goriilmktedir. Termoelektrik sogutucu olarak
esnek mikromodiil kullanilmigtir. Ayrica sistemin blok
diyagrami Sekil 2’de goriilmektedir.

Thermoel ectric
Micromodule s
Terrnoelekinlk
Tlikro modil

Ear
Temperature

Elnlak sicakhén

Figure 1. The diagram shows how the thermoelectric module has been located over the rat and how the ear and rectum temperatures have been

measured

measurement with this technique is +0.1°C.

The brain and rectum temperatures have been measured
continuously from the outset till to the end of the
experiment. The weight of rats has been taken using
Sartorius brand digital laboratory scale, which has an
accuracy of +0.01 g.

Figure 1 represents the way of brain and rectum
temperature  measurements.  Flexible thermoelectric
micromodule has been used as the cooling device. The
block diagram of the system is presented in Figure 2.

Rectum
Temperature

Bektun micakhi

Sekil 1. Termoelektrik modiiliin nasil yerlestirildigini, kulak ve rectum sicakliklarinin nasil 6l¢iildiigiinii gosteren diyagram
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Figure. 2. The schematic diagram of experimental system
Sekil 2. Deneysel sistemin blok diyagrami

Deneklerin beyin fonksiyonlarmin 6lgiilmesi igin Guy
L.Clifton ve arkadaslar1 tarafindan gergeklestirilmis,
(Beam-balance) denge skor 6l¢iim yontemi ve teknikleri
kullanilmigtir (7).  Skor oOlgiimii i¢in kullanilan skor-
davranis ¢izelgesi Cizelge 2.’de verilmistir. Biitiin testler
bir video kamera ile kaydedilmis ve daha sonra {izerinde
incelemeler yapilmistir (7,12).

Table 2. Score-Behavior Table
Cizelge 2. Skor ve davranis ¢izelgesi

The brain functionality of rats has been measured using
the beam-balance score measurement methods, which
were developed by Guy L. Clifton et al (7). Score-
behavior table used for beam-balance and it is presented in
Table 2. All the tests for beam-balance score measurement
have been recorded with a video camera and evaluation
has been made on them (7, 12).

Score/

Skor Behavior/ Davrams

If the rat can stand over the beam steadily and makes balanced motions freely/ Ayaklar ¢ita iizerindeyken
sabit denge durumunda bulunmasi ve ¢ita lizerinde dengeli serbest hareket yapabilmesi

5 If the rat can stand over the beam but trembles and can make motions only by suspending to the beam/ Cita
ilizerinde sarsilmasi ve ¢itanin kenarlarina tutunarak hareket yapabilmesi.

If the rat can not make any motion and slip-off from the beam on one or more of its paw/ Bir ve daha fazla

3 ayaginin ¢itadan kaymasi ve ¢ita iizerinde hareket yapamamasi
If the rat can not stay balanced over the beam and its attempts to catch from the sides of beam are ended

4 without success/ Cita iizerinde dengeyi sagliyamamasi ve ¢itanin kenarlarindan tutunma tesebbiisii fakat
bagaramamasi

5 If the rat attempts to suspend over the beam but fails/ Citaya asilma tesebbiisii fakat basaramamasi

6 If the rat can not show any attempt to suspend and can not stay balanced over the beam and falls down/ Higbir
astlma ve denge saglama hareketini yapmadan ¢itadan diigmesi

7 If the rat represents no motion except respiration./ Solunum disinda higbir harekette bulunmamasi

Beyin hipotermiyasini gergeklestirmek igin yariiletken
termoelektrik ~ esnek  mikromodiill  kullanilmigtir.
Mikromodiile uygulanan akim DC 21A, gerilim ise DC
0,4V’tur. Mikromodiilin boyutlar1 3x1,5= 4,5 cm?dir.
Oda sicakligt 21°C olan bir ortamda mikromodiil

Brain hypothermia has been induced by a flexible
semiconductor thermoelectric cooler. A current of 21 A
under 0.4V has been applied to the thermoelectric
micromodule. The dimensions of the micromodule were
3emx1.5cm (contact surface of 4.5 cm?), with an ambient
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calistirlldiginda 1 dakika sonra iizerindeki sicaklik -
12,5°C ye kadar diismektedir. Hayvanin kafasiyla temasta
iken mikromodiiliin tizerindeki sicaklik 2,5°C ile 0°C
arasinda seyir etmektedir.

Lokal serebral hipotermiya, travmadan 5 dakika sonra
baslatilip 1 saat siirmiistiir. Hayvanlarda deneysel kapali
kafa travmasini olusturmak i¢in uyutulmus ratin kafasina
60 cm'lik yiikseklikten tam kafa platosu iizerine 310
gramlik bir agirhk diistirilmistir. Agirlik bir cam boru
icinden hareket ettirilmistir. Ayrica travma olup
olmadigini tespit etmek igin Olen ratlarin otopsileri
yapilmustir (7,12).

Tim gruplarda uygulamalardan sonra 5 giin boyunca
Olgtimler takip edilmistir. 3. ve 4. gruptaki deneklerin
uygulamalar sonrasi 6liim oranlari elde edilmistir. Elde
edilen tiim veriler bilgisayarda istatistiksel analize tabi
tutulmustur.

3. BULGULAR

Arastirmamizda ratlarin agirliklarinin 275 gram ile 220
gram, rektum sicakliklarinin 32°C ile 36°C ve kulak
sicakliklarinin  ise 32°C ile 36°C derece arasinda
degistigini Onceden tespit ederck gostergeleri yaklagik
ayni olan hayvanlar bir gruba ayrilmistir. Tiim gruplarda 5
giinliik takip sonuglarina gore 1. gruptaki (bu gruba
kontrol grubu da denilebilir) tiim hayvanlarda eter narkozu
sonucu kulak  ve rektum sicakliklarinda, skor ve
agirliklarinda  istatistiksel olarak anlamli  bir fark
gozlenmemistir. Narkozdan sonra ilk 30 dakika sonunda
skor 7°den l'e (normale) geldigi tespit edilmistir (P <
0.001). Bu durum Sekil 3°de gosterilmektedir. Elde edilen
asagidaki grafiklerdeki herbir nokta 10 adet rat iizerinde
yapilan deneyin ortalama degerini simgelemektedir.

Scorel Skor
D ks th =]

temperature of 21°C, micromodule can decrease its cold
side temperature down to —12.5°C in a minute. The
temperature of the micromodule changes between 2.5°C
and 0°C, when it is in direct contact with the head of the
rat.

Local cerebral hypothermia has been initiated 5 minutes
after the traumatic brain injury and has been lasted for 1
hour. In order to induce a traumatic brain injury to the rats,
a mass of 310 g has been put to free fall from a height of
60 cm to the head of the anesthetized rat. The mass has
been put to fall within a glass tube. The post-mortem
examinations of the dead rats have been made in order to
determine whether they had traumatic brain injury or not
(7, 12).

In all groups, the subjects have been monitored for a
period of five days. The mortality rates of the subjects of
the third and the fourth group have been calculated. All the
collected data has been analyzed statistically.

3. PRIMARY RESULTS

In this study, the weight of the rats has been found to be
within the range of 220 g and 275 g and the rectum
temperatures has been found to be between 32°C and
36°C, the ear temperatures has been found to be varying
between 32°C and 36°C. Rats, which have had similar
weight and temperature variations have been put in the
same group. According to the results of the first group
obtained during 5-day monitoring period, (this group can
be called as control group), all animals have showed no
significant change in ear and rectum temperatures, beam-
balance scores and weights statistically, which have been
recorded after narcosis. At the end of the first 30 minute
period after the narcosis started, the beam-balance scores
have decreased from 7 to 1 (normal) (p<<0.001) as shown
in Figure 3. Every point in the graphs, represent the
average of ten experiments that have been made.

etd of nareosis M arkor sonm

— Seorel Skor

o 15 20 26 20 35 40 45 &0
Titee {1in)f Parnan (dk)

Figure 3. The graph shows the effect of narcosis on score.
Sekil 3. Narkozun skor iizerindeki etkisini gosteren grafik

Grafiklerdeki veri noktalar1 deney esnasinda en az

Data points represent the mean value of at least 10 rats

observed in the experiment. Ether narcosis has been applied
for 15 minutes. The duration of narcosis has been 30 minutes
and score has returned to normal (beam-balance score=1)
after this period.

10 farenin gosterdigi ortalama degeri temsil
etmektedir. Ether narkozu 15 dakikalik bir siire igin
uygulanmistir. Narkozun etkisi 30 dk siirmis ve
bundan sonra skor normale donmiistiir (Beam-balance
skoru = 1).

For every animal in the second group, ear temperatures

Sekil 4.’de gorildigi tiizere 2. gruptaki tim
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hayvanlarda 1 saatlik hipotermiya sonucunda kulak
sicakligl 22°C’ye, rektum sicakligi ise 30°C 'ye kadar
diigsmiistir (P < 0.001). Sekil 4’den de anlasilacagi
iizere, bir saatlik hipotermiya sonrasi kulak sicakligi
35 °C den 22 °C ye, rektum sicakligi 35 °C den 30 °C
ye diiserken mikromodiiliin sicakligi —10 °C den 0 °C
ye yiikselmigtir. Bu grafikten anlagildig1 iizere rat
termohipotermiya cihazi tarafindan meydana getirilen
hipotermiya ratin viicut ve beyin sicakliklari arasinda
bir fark meydana gelmesine neden olmustur.

have been decreased to 22°C and the rectum temperatures
have been decreased to 30°C after one hour duration of
hypothermia (p<0.001) as shown in Figure 4. As it may be
observed from Figure 4, by the application of hypothermia
for 1 hour, ear (brain) temperature has dropped from 35°C to
22°C and rectum temperature has dropped from 35°C to
30°C, while the temperature of the micro-module has
increased from -10°C to 0°C. It is clear from this graph that
the hypothermia, which has been induced using Rat
Thermohypotherm device, develops a temperature difference
between the body and brain temperatures of the rats.
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Figure 4. The graph shows the thermoelectric module, ear (brain) and rectum temperatures vs. time.
Sekil 4. Termoelektrik modiil, kulak ve rektum sicakliklarinin zamana gore degisimini gosteren grafik

Sekil 5°de goriildiigii iizere hipotermiya sonrasindaki 25
dakika siiresince skorda 6’dan 1'e kadar artis olusmustur
(P < 0.001). Grafikde  goriildiigii iizere hayvanlar
hipotermiya bittikten sonra 25 dakika iginde normale
donmiislerdir (Denge skoru = 1) hipotermiya sonrasi
deride veya denge skorlarinda anormal bir komplikasyon
gozlenmemistir.

During the 25 minutes of post-hypothermia period, a
decrease from 6 to 1 has been observed in beam-balance
scores (p<0.001) as shown in Figure 5. As Figure 5
reveals, animals have returned to their normal scores
(beam-balance score=1) in 25 minutes after the
hypothermia has ended. No post-hypotherm complications
have been observed in either skin or beam-balance scores
of rats.
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Figure 5. The graph shows the post-narcosis and post-hypotherm beam-balance score vs. time
Sekil 5. Narkoz ve hipotermiya sonrasi beam-balance skorunun zamana gore degisimini gosteren grafik
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Deneklerin tiimiinde 5 giinliik 6l¢imler sonucu lokal
serebral hipotermiya sonrast kulak ve rektum
sicakliklarinda, skor ve agirliklarinda istatistiksel olarak
bir degisim gozlenilmemistir (Sekil 6 ve Sekil 7).

Sekil 6’da goriildiigii gibi beyin travmasindan sonra
herhangi bir tedavi uygulanmamis ratlarda denge skoru 6
olurken hipotermiya tedavisi uygulanmis ratlarda ilk
giiniin sonunda denge skoru 5 olmustur. 4. giiniin sonunda
tedavi edilmemis ratlarda denge skoru 3 de sabit kalirken
hipotermiya tedavisi uygulanmis ratlarda denge skoru 2 de
kalmugtir.

Sekil 7°deki grafikden agikca anlagildig1 lizere beyin
travmas1 sonrasinda tedavi edilmemis ratlarda agirhik
kayb1 hipotermiya tedavisine tabi tutulmus ratlara gore
daha hizli ve daha derin olmustur. Tedavi edilmemis
ratlarda agirlik artigt 3. giinde baglamis ve ortalama
agurliklart 5. giin sonunda 210 grama ulasmustir. Tedavi
edilmis ratlarda agirlik artist 2. glinde baslamis ve
ortalama agirliklari 5. giin sonunda 230 grama ulagmigtir.

Scorel Sker

L T o B T O T |
|

In the all subjects of this experiment, no change in the
ear and rectum temperatures, beam-balance scores and
weights have been observed statistically for the 5-days
monitoring period following the application of local
cerebral hypothermia as shown in Figure 6 and Figure 7.

As seen in the graph, given in Figure 6, the rats without
any treatment after traumatic brain injury have showed a
beam-balance score of six, while the rats with hypothermia
treatment has showed a score of five at the end of the first
day. At the end of the fourth day, rats without any
treatment have fixed their scores at three, while the rats
with hypothermia treatment have fixed their scores at two.

As it can clearly be seen from Figure 7, after traumatic
brain injury, the weight loss in the rats without any
treatment has been faster and deeper than the weight loss
in the rats treated with hypothermia. An increase in the
weight of rats without any treatment has begun after the
third day and they have reached an average weight of 210
g at the end of the fifth day. An increase in the weight of
rats that had been treated with hypothermia has begun
after the second day and they have reached an average
weight of 230 g at the end of the fifth day.
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—E—  post-traurnal travina sorras:
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Figure 6. The graph shows the post-traumatic and post-hypotherm change in beam- balance scores in 5-days monitoring period
Sekil 6. Travma ve hipotermiya sonrasi 5 giinliik izleme periyodu igerisindeki beam-balance skorlarindaki degisim
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Figure 7. The graph shows the post-traumatic and post-hypotherm change in weight in 5-days monitoring period
Sekil 7. Travma ve hipotermiya sonrasi 5 giinliik izleme periyodu igerisindeki agirliklardaki degisim
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3. gruptaki deneklerde, deneysel kapali kafa travmasi
sonrast kulak ve rektum sicakliklarinda istatistiksel olarak
anlamhi bir fark gozlenmezken denge skorlarinda ve
agirliklarinda anlaml bir diisiis olusmustur (P < 0.001).
Travmadan sonra 5 giin siiresince 6len hayvanlarin 6liim
orani % 50 olarak tespit edilmistir (P <0.01).

4. gruptaki deneklerde, deneysel beyin travmasindan 5
dakika sonra 1 saat boyunca lokal serebral hipotermiya
uygulanarak ratlarin kulak sicakliklar1 22°C’ye, rektum
sicakliklar1 ise 30°C 'ye kadar disiirildi (P < 0.001).
Daha sonraki 5 giinliik 6l¢iim sonuglarina gore kulak ve
rektum sicakliklarinda istatistiksel olarak bir fark
gozlenmezken denge skorlarinda ve agirliklarinda ise
anlamli bir diisiis gozlendi (P<0,01). Ancak 4. gruptaki
hayvanlarda  3.giinden itibaren skor ve viicut
agirliklarindaki azalma, 3. gruptaki hayvanlara gore,
istatistiksel olarak daha az olmustur (P<0,01). Bu grupta 5
giin sonra dlen ratlarin orani % 10 olmustur (P <0.01).

4. SONUCLAR

Calismada elde edilen sonuglara gore eter narkozu
ratlarin kulak ve rektum sicakliklarinda higbir degisiklik
meydana getirmemistir. Ik 30 dakika hari¢ narkoz sonrasi
siiresince hayvanlarda beyin performanslarinda ve viicut
agirliklarinda da degisiklik meydana gelmemistir. Sadece
lokal serebral hipotermiyay:r uyguladigimiz 2. gruptaki
ratlarin da 1. gruptaki ratlarda oldugu gibi ilk 25 dakika
hari¢ hipotermiya sonrasinda skor ve viicut agirliklarinda
degisiklik meydana gelmemistir. Bagka bir deyisle 20°C -
22°C’ye kadar beyinleri sogutulan hayvanlarda higbir
komplikasyon gozlenmemistir. Kulak ve rektum
sicakliklar1 normale donmiistiir. Ayrica mikromodiiliin
kafayla temasindan sonra ratlarin kafa derisi {izerinde
higbir bozulma tespit edilmemistir.

3. grupdaki ratlarda deneysel beyin travmasi sonrasinda
kulak ve rektum sicakliklarinda degisim olmazken skor
ve viicut agirliklarinda 6nemli bir azalma g6zlenmistir. Bu
gruptaki 6lim orant %50 (5 6li) olmustur. Aym beyin
travmasini geciren 4. gruptaki ratlarda travmadan 5 dakika
sonra 1 saatlik lokal serebral hipotermiya uygulamast

sonrasinda kulak sicakliklar1 20°C ile 22°C’ye, rektum

sicakliklar ise 30°C ile 31°C’ye kadar diisiiriilmiistiir.
Daha sonra kulak ve rektum sicakliklarinin  normale
dondiigii goézlenmistir. Bu gruptaki ratlarda skor ve viicut
agirliklarinda 6nce bir diisiis ve daha sonra ise normale
doniis tespit edilirken 6liim orani sadece %10 (1 Oli)
olmustur. Bu sonuglara gore beyin hipotermiyasinin
koruyucu roliiniin 6nemli oldugunu sdyleyebiliriz.

Herhangi bir tedavi almamis olan 3. gruptaki ratlarda
olim oran1 %50 olurken, travma sonrasi hipotermiya
tedavisi almis olan 4. grup ratlarda 6lim oran1 %10’a
kadar diigmiistiir (6nemli bir azalma saglanmistir). Tim
bu bulgular 1s18inda, elektronik Rat Termohipotermiya
sistemini kullanarak beyin hipotermiyasinin miimkiin
oldugu ve bu yontemle elde edilen lokal beyin

In the subjects of the third group, no significant change
in ear and rectum temperatures have been observed
statistically following the application of experimental
traumatic brain injury, but a significant increase in beam-
balance scores and decrease in the weight of rats has been
observed (p<0.001). After traumatic brain injury, mortality
rate in 5 days has been observed as 50% (p<0.01).

In the subjects of the fourth group, following the
application of experimental traumatic brain injury, the
brain temperatures of the rats have been decreased to 22°C
and rectum temperatures have been decreased to 30°C by
the application of local cerebral hypothermia for a
duration of an hour (p<0.001). According to the measured
results of 5-days monitoring period, no change in ear and
rectum temperatures have been observed, but a significant
decrease in beam-balance scores and weight of rats has
been observed (p<0.01). However, the animals in the
fourth group has showed a relatively lower decrease in
beam-balance scores and weight compared to the animals
in the third group, at the end of the third day (p<0.01). The
mortality rate in this group has been observed as 10% after
the 5-days monitoring period.

4. CONCLUSIONS

According to the results of this study, ether narcosis
does not affect the ear (brain) and rectum temperatures of
rats. Also animals have showed no change in their brain
performance and body weight during post-narcosis period
except the first 30 minutes. The rats in the second group,
where only local cerebral hypothermia has been applied,
showed no change in balance scores and body weights like
the rats in the first group. In other words, no complications
have been observed in the animals whose ear (brain)
temperatures has been decreased to 22°C — 20°C. Ear
(brain) and rectum temperatures have restored to normal
values, after hypothermia. No abnormality have been
observed at the scalp skin of the rats, where the
micromodule had contacted.

The rats in the third group have showed no change in
the ear (brain) and rectum temperatures, but a remarkable
decrease have been observed in their beam-balance scores
and body weights, after experimental traumatic brain
injury has been applied. The mortality rate in this group
has been observed as 50% (5 dead in 10 rats). The rats in
the fourth group, which have had the same experimental
traumatic brain injury as the rats in the third group, which
have also been exposed to a one hour lasting hypothermia
treatment, which has been initiated 5 minutes after the
injury whose ear (brain) temperatures have been decreased
to 20°C — 22°C and the rectum temperatures have been
decreased to 30°C 31°C. After hypothermia, a
restoration in ear (brain) and rectum temperatures of rats
has been observed. The rats in this group have showed a
decrease in their beam-balance scores and body weights at
first but then these parameters have returned to their
normal values. The mortality rate in this group has been
observed as 10% (1 dead in 10 rats). According to these
results, it can be said that brain hypothermia is an
important treatment method for traumatic brain injury.

While the mortality rate of the third group which has not
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hipotermiyasinin, beyin travmasi sonrasinda bir tedavi ve been given any treatment after injury has been 50%, it has
koruma unsuru olarak tip diinyasinda  gereken yeri been reduced to 10% (a significant reduction) in the fourth
mutlaka alacag1 sonucu ¢ikarilabilir. group which has been given hypothermia treatment after

injury. So, the results of this project has proved the
electronic Rat Thermohypotherm system as an important
tool for the practical application of local cerebral
hypothermia, which has been accepted as a reliable and
practical treatment method for traumatic brain injury all
around the world.
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