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The�Effect�of�Melatonin�on�Experimental
Cold�Injury�of�the�Skin

ABS�TRACT�Ob�jec�ti�ve:�The�hu�man�skin�is�one�of�the�ma�jor�or�gans�in�con�ti�nu�o�us�in�te�rac�ti�on�with�en�vi�ron�men�-

tal�fac�tors.�The�ef�fects�of�frost�bi�te�on�the�skin�ha�ve�be�en�ex�ten�si�vely�stu�di�ed�and�many�drugs�for�its�tre�at�ment�ha�-

ve� be�en� tes�ted� over� the� ye�ars.� The� ef�fects� of�me�la�to�nin� in� the� tre�at�ment� of� tis�su�e� in�ju�ri�es� ha�ve� al�so� be�en

in�ves�ti�ga�ted.�The�pre�sent�study�was�per�for�med�to�exa�mi�ne�the�ef�fects�of�me�la�to�nin�on�frost�bi�te�of�the�skin.�Ma-

te�ri�al�and�Met�hods:�This�study�was�per�for�med�in�2006�in�the�Ana�tomy�De�part�ment�of�Ha�cet�te�pe�Uni�ver�sity,�Fa�-

culty�of�Me�di�ci�ne.�Ears�of�fi�ve�rab�bits�we�re�used�in�each�gro�up�and�spe�ci�mens�we�re�ta�ken�by�punch�bi�opsy.�Gro�ups

we�re�al�lo�ca�ted�as�fol�lows:�Con�trol�gro�up:�rab�bit�ears�with�no�in�du�ced�in�jury�or�tre�at�ment;�Tra�u�ma�gro�up:�rab�bit

ears�sub�jec�ted�to�cold�in�jury;�Tre�at�ment�gro�up:�rab�bit�ears�tre�a�ted�with�me�la�to�nin�af�ter�cold�in�jury;�and�Sham�gro�-

up:�rab�bit�ears�tre�a�ted�with�0.9%�NaCl�af�ter�cold�in�jury.�Spe�ci�mens�we�re�eva�lu�a�ted�by�trans�mis�si�on�elec�tron�mi-

c�ros�co�pe�and�we�re�sco�red�sta�tis�ti�cally.�Re�sults:�In�the�tra�u�ma�gro�up,�the�cells�of�the�stra�tum�cor�ne�um�la�yer�of�the

epi�der�mis�had�se�pa�ra�ted.�In�tra-cytop�las�mic�ede�ma�and�va�cu�o�les�in�the�se�cells�we�re�vi�sib�le.�Alt�ho�ugh�the�re�was

loss�of�chro�ma�tin�and�evi�dent�ede�ma�in�the�nuc�le�us�of�so�me�of�the�se�cells,�the�re�was�no�cle�ar�de�fect�in�the�dis�tri-

bu�ti�on�of�the�nuc�le�ar�chro�ma�tin�in�ge�ne�ral.�Se�pa�ra�ti�on�bet�we�en�the�cells�of�the�stra�tum�cor�ne�um�of�the�me�la�to�-

nin�gro�up�was�ab�sent.�The�cells�we�re�nor�mal,�col�la�gen�fi�bers�we�re�re�gu�lar�and�the�fib�rob�lasts�we�re�inac�ti�ve.
Conc�lu�si�on: The�re�sults�ob�ta�i�ned�in�this�rab�bit�mo�del�are�sig�ni�fi�cant�for�sug�ges�ting�the�fa�vo�rab�le�ef�fects�of�me�la�-

to�nin�on�cold�in�jury.�
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ÖZET�Amaç:�De�ri,�dış�or�tam�ile�en�çok�te�mas�ha�lin�de�olan�or�ga�nı�mız�dır.�Bu�ne�den�le�so�ğu�ğa�yo�ğun�bir�şekil�de

ma�ruz�kal�mak�ta�dır.�Don�ma�nın�de�ri�üze�rin�de�ki�et�ki�si�uzun�yıl�lar�bo�yun�ca�ça�lı�şıl�mış�tır.�Bu�ça�lış�ma�la�rın�so�nu�-

cun�da�ise�bir�ta�kım�te�da�vi�edi�ci�mad�de�ler�de�nen�miş�tir.�Gü�nü�müz�de�trav�ma�la�ra�bağ�lı�do�ku�ze�de�len�me�le�rin�de�me�-

la�to�ninin�te�da�vi�edi�ci�et�ki�si�yo�ğun�bir�şekil�de�de�nen�mek�te�dir.�Ça�lış�ma�mız,�de�ri�de�oluş�tu�ru�lan�so�ğuk�ha�sa�ra

bağ�lı�olu�şan�ze�de�len�me�de�me�la�to�nin�in�et�ki�si�ni�in�ce�le�mek�ama�cı�ile�ya�pıl�mış�tır.�Ge�reç�ve�Yön�tem�ler:�Bu�ça�lış�-

ma�da,�5�tav�şa�nın�ku�lak�la�rı�kul�la�nıl�mış�tır�ve�hay�van�lar�4�grup�ta�in�ce�len�miş�tir.�1,�Kon�trol�gru�bu:�Hiç�bir�uy�gu�-

la�ma�yap�ma�dan,�kon�trol�ama�cı�ile�sağ�lam�ku�lak�lar�dan�alı�nan�bi�yop�si�ma�ter�yal�le�ri�nin�in�ce�len�me�si.�2,�Trav�ma

gru�bu:�Don�ma�de�re�ce�si�ne�ka�dar�so�ğu�tu�lan�ku�lak�lar�dan�alı�nan�bi�yop�si�ma�ter�yal�le�rin�de�do�ku�ha�ra�bi�ye�ti�nin�in�-

ce�len�me�si.�3,�Te�da�vi�gru�bu:�Ku�lak�la�rı�don�ma�de�re�ce�si�ne�ka�dar�so�ğu�tu�lan�hay�van�la�ra�in�tra-pe�ri�to�ne�al�me�la�to�-

nin�uy�gu�la�ya�rak,�alı�nan�bi�yop�si�ma�ter�yal�le�rin�de�me�la�to�nin�in�et�ki�le�ri�nin�in�ce�len�me�si.�4,�Sham�gru�bu:�Me�la�to�nin

se�rum�fiz�yo�lo�jik�ile�su�lan�dı�rıl�dı�ğın�dan�SF’in�et�ki�si�ni�gör�mek�için�sa�de�ce�SF�kul�la�nı�lan�grup�tur.�Bu�ör�nek�ler

trans�mis�yon�elek�tron�mik�ros�ko�bu�ile�in�ce�len�miş�tir.�Bul�gu�lar:�Ke�sit�le�rin�in�ce�len�me�si�so�nu�cun�da,�trav�ma�gru�-

bun�da�ki�ör�nek�ler�de�epi�der�mis�stra�tum�cor�ne�um�ta�ba�ka�sın�da�hüc�re�ler�ara�sın�da�ay�rıl�ma�ol�du�ğu,�hüc�re�ler�in�ce�-

len�di�ğin�de�ise�in�tra�si�top�laz�mik�ödem�ve�va�ku�ol�le�rin�mev�cut�ol�du�ğu�iz�len�di.�Ba�zı�hüc�re�le�rin�nuk�le�us�la�rın�da

kro�ma�tin�kay�bı�ve�be�lir�gin�ödem�ol�ma�sı�na�rağ�men�ge�nel�ola�rak�nük�le�er�kro�ma�tin�da�ğı�lı�mın�da�be�lir�gin�bir�de�-

ği�şik�lik�ol�ma�dı�ğı�göz�len�di.�Me�la�to�nin�gru�bu�nun�epi�der�mis�stra�tum�cor�ne�um�’un�da�hüc�re�ler�ara�sın�da�ay�rıl�ma�ol�-

ma�dı�ğı,�hüc�re�le�rin�nor�mal,�kol�la�jen�di�zi�li�mi�nin�çok�dü�zen�li,�fib�rob�last�la�rın�inak�tif�ol�du�ğu�iz�len�di.�So�nuç:

Me�la�to�ni�nin�te�da�vi�edi�ci�et�ki�si�is�ta�tis�tik�sel�ola�rak�gra�fik�şek�lin�de�gös�te�ril�di.�El�de�edi�len�so�nuç�lar,�de�ri�de�oluş�-

tu�ru�lan�so�ğuk�ha�sa�ra�bağ�lı�olu�şan�ze�de�len�me�ye�kar�şı�me�la�to�ninin�et�ki�si�ni�or�ta�ya�koy�ma�sı�açı�sın�dan�önem�ta�-

şı�mak�ta�dır.�

Anah�tar�Ke�li�me�ler: Deri;�melatonin;�soğuk�hasar
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u�man�skin�is�a�ma�jor�hu�man�or�gan�in�con-
ti�nu�o�us� in�te�rac�ti�on�with� en�vi�ron�men�tal
fac�tors. Thus,�it�is�ex�ces�si�vely�ex�po�sed�to

cold.�Cold�in�ju�ri�es�are�eva�lu�a�ted�in�two�gro�ups�as
ge�ne�ral�and�lo�cal.�Lo�cal�in�ju�ri�es�oc�cur�be�low�the
fre�e�zing�po�int.�The�skin�is�the�most�im�por�tant�or�-
gan�pro�tec�ting�us�aga�inst�cold.�The�re�ac�ti�on�of�the
skin�to�lo�cal�cold�in�jury�is�a�vas�cu�lar�res�pon�se, and
a�num�ber�of�agents�ha�ve�be�en�eva�lu�a�ted�ex�ten�si�-
vely for�its�tre�at�ment.1-9 The�tre�at�ment�ef�fects�of
me�la�to�nin�on�tis�su�e�da�ma�ge�in�tra�u�ma�ha�ve�be�en
stu�di�ed�in the�re�cent�ye�ars�in�vi�ew�of�its�po�wer�ful
an�ti�o�xi�dant�pro�per�ti�es�and�its�po�tency�as�a�pro�tec�-
ti�ve�agent�aga�inst�da�ma�ge�af�ter�ex�pe�ri�men�tal�ther-
mal�in�ju�ri�es.�Furt�her�mo�re,�it�is�re�cog�ni�zed�as�an
ex�tre�mely�ef�fi�ci�ent�fre�e�ra�di�cal�sca�ven�ger�and�it has
li�pop�hi�lic�and�hydrop�hi�lic�pro�per�ti�es�that�enab�le�it
to�pro�tect�aga�inst�oxi�da�ti�ve�stress�thro�ug�ho�ut�the
body.10-20

Me�la�to�nin� was� al�so� ex�pe�ri�men�tally� used� in
acu�te�car�di�ac�and�spi�nal�cold�in�ju�ri�es�and�ce�reb�ral
ede�maand�it�im�pro�ved�re�co�very�in�the�se�tis�su�es.10,12

Ho�we�ver,�to�our�know�led�ge,�the�ul�tras�truc�tu�ral�ef-
fects�of�lo�cal�cold�in�jury�on�the�epi�der�mis�and�der-
mis� la�yers�of� the�skin�and�the�pos�sib�le�re�co�very
ef�fects�of�me�la�to�nin�in�this�con�di�ti�on�ha�ve�not�be�-
en�re�por�ted�in�the�li�te�ra�tu�re.�

MA�TE�RI�AL�AND�MET�HODS
This�study�was�per�for�med�in�2006�in�the�Ana�tomy
De�part�ment�of�Ha�cet�te�pe�Uni�ver�sity,�Fa�culty�of
Me�di�ci�ne.�The�ears�of�fi�ve�rab�bits�(we�ig�hing�4000-
5000�g) we�re�used in�each�gro�up.�Spe�ci�mens�we�re
ta�ken�by�punch�bi�opsy.�Gro�ups�we�re�al�lo�ca�ted�as
fol�lows:�Con�trol�gro�up:�rab�bit�ears�we�re�sha�ved,
and�no�ot�her pro�ce�du�re�was�per�for�med.�Tra�u�ma
gro�up: ears�we�re�sha�ved�and�than�co�o�led�to�the�fre�-
e�zing�po�int�with�li�qu�id�nit�ro�gen�using�a�me�tal�pro�-
be�for�30�se�conds.�Bi�opsy�ma�te�ri�als�we�re�ta�ken�24
ho�urs�af�ter�the�co�o�ling�pro�cess�and�spe�ci�mens�we�-
re�eva�lu�a�ted�for�tis�su�e�da�ma�ge.�Me�la�to�nin�gro�up:
ears�we�re�sha�ved�and�co�o�led�un�til�the�fre�e�zing�po�-
int�with�li�qu�id�nit�ro�gen�using�a�me�tal�pro�be�for�30
se�conds.�Ten�mi�nu�tes�af�ter�the�co�o�ling�pro�cess�50
mg/kg�me�la�to�nin�(di�lu�ted�by�0.9%�NaCl)�was�app�-
li�ed�in�tra�pe�ri�to�ne�ally�and�bi�opsy�ma�te�ri�als�we�re�ta�-

ken�af�ter�24�ho�urs�to�in�ves�ti�ga�te�the�re�co�very�ef-
fect�of�me�la�to�nin.�Sham�gro�up: ears�we�re�sha�ved
and�co�o�led�to�the�fre�e�zing�po�int�with�li�qu�id�nit�ro�-
gen�using�a�me�tal�pro�be�for�30�se�conds.�Ten�mi�nu�-
tes�af�ter�the�co�o�ling�pro�cess, in�tra�pe�ri�to�ne�al�0.9%
NaCl�was�app�li�ed�and�bi�opsy�ma�te�ri�als�we�re�ta�ken
24�ho�urs�la�ter�to�eva�lu�a�te�the�ef�fects�of�0.9%�NaCl.�

The�bi�opsy�spe�ci�mens�we�re�pre�pa�red and�eva�l-
u�a�ted�by�trans�mis�si�on�elec�tron�mic�ros�co�pe.�All�spe�-
ci�mens� we�re� fi�xed� for� 24� ho�urs� with� 2.5%
glu�ta�ral�dehy�de�and�then�was�hed�with�So�ren�son’s
phosp�ha�te�buf�fer�(SPB).�They�we�re�then�post-fi�xed
in�OsO4�for�1�ho�ur.�Af�ter�dehy�dra�ti�on�in�al�co�hol
with�in�cre�a�sing�gra�de,�spe�ci�mens�we�re�tre�a�ted�with
propy�le�ne�and�then�em�bed�ded�in�Aral�di�te�CY212.
Se�mi-thin�sec�ti�ons�we�re�sta�i�ned�with�meth�yle�ne-
blu�e�and�we�re exa�mi�ned un�der�the�light�mic�ros�co�-
pe; then�60-90�nm�thick�ul�tra-thin�sec�ti�ons�we�re
sta�i�ned�and�con�tras�ted�with�uranyl�ace�ta�te�and�le�ad
cit�ra�te.�They�we�re�exa�mi�ned,�sco�red�sta�tis�ti�cally and
pho�tog�rap�hed�un�der�JE�OL�JEM�1200�EX�trans�mis�si�-
on�elec�tron�mic�ros�co�pe.�Sco�res�ob�ta�i�ned�by�eva�lu�a�-
ti�on�of�se�ve�ral�sec�ti�ons�of�der�mis�and epi�der�mis�we�re
com�pa�red�ac�ross�study�gro�ups�using�the�Krus�kal-
Wal�lis�test�to analy�ze�the�pre�sen�ce�of�ove�rall�ef�fect
of�the�ex�pe�ri�ment.�When�an�ove�rall�ef�fect was�ob-
ser�ved,�pa�ir�wi�se�com�pa�ri�sons�we�re�per�for�med�using
the�Mann-Whit�ney U�test.�The�type-I�er�ror�le�vel�of
0.05�was�used�to�in�fer�sta�tis�ti�cal sig�ni�fi�can�ce.�

The�pre�sent� study�was� per�for�med� in� ac�cor�-
dan�ce�with�‘Gu�i�de�for�the�Ca�re�and�Use�of�the�La�-
bo�ra�tory�Ani�mals’ prin�cip�les�and�was�ap�pro�ved�by
the�et�hic�com�mit�te�e�of�Ha�cet�te�pe�Uni�ver�sity,�Fa�c-
ulty�of�Me�di�ci�ne.

RE�SULTS
The�epi�der�mis�cells� and�con�nec�ti�ve� tis�su�e� fi�bers
we�re�nor�mal,�fib�rob�lasts�we�re�inac�ti�ve,�and�gland
cells�and�ha�ir�fol�lic�les�we�re�nor�mal�in�ap�pe�a�ran�ce
in�the�con�trol�gro�up.��In�the�tra�u�ma�gro�up,�the�re
was� se�pa�ra�ti�on�bet�we�en� the�cells�of� the� stra�tum
cor�ne�um�la�yer�of�epi�der�mis,�and�in�tra-cytop�las�mic
ede�ma�and�va�cu�o�les�we�re�vi�sib�le�in�the�se�cells.�Al-
t�ho�ugh�the�re�was� loss�of�chro�ma�tin�and�evi�dent
ede�ma�in�the�nuc�le�us�of�so�me�of�the�se�cells,�the�re
was�no�cle�ar�de�fect in�the�dis�tri�bu�ti�on�of�the�nuc�-
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le�ar�chro�ma�tin�in�ge�ne�ral�(Fi�gu�re�1).�In�the�me�la�-
to�nin�gro�up,�no�se�pa�ra�ti�on�bet�we�en�the�cells�of�the
stra�tum�cor�ne�um�was�se�en.�The�cells�and�the�ba�sal
la�mi�na�we�re�mo�re�nor�mal�in�ap�pe�a�ran�ce�than�in
the�tra�u�ma�gro�up, alt�ho�ugh�the�re�was�a�mild�ede�-
ma�in�the�cells�(Fi�gu�re�2).

Ir�re�gu�la�rity,�di�sar�ran�ge�ment�and�ede�ma�(*)�be-
t�we�en�the�col�la�gen�fi�bers�we�re�pre�sent�in�the�der-
mis�la�yer�of�the�tra�u�ma�gro�up�(Fi�gu�re�3).�Ho�we�ver,
col�la�gen�fi�bers�of�the�me�la�to�nin�gro�up�we�re�rat�her
well�ar�ran�ged�(Fi�gu�re�4).�The�fib�rob�lasts�we�re�qu�i�-
te�ac�ti�ve�com�pa�red�to�the�me�la�to�nin�gro�up.�

Alt�ho�ugh�so�me�of�the�en�dot�he�li�al�cells�of�the
tra�u�ma�gro�up�se�e�med nor�mal,�the�re�was�mar�gi�na�-
ti�on�(m)�and�clum�ping�in the�nuc�le�i�in the�ma�jo�-
rity�of�the�cells.�Ede�ma�(*)�and�va�cu�o�li�za�ti�on�(v)
we�re�se�en�in�the�cytop�lasm�of�the�se�cells�(Fi�gu�re
5a).�Con�ver�sely,�the�en�dot�he�li�al�cells�of�the�me�la�-
to�nin�gro�up�we�re�nor�mal� in� ap�pe�a�ran�ce� (Fi�gu�re
5b).�Ac�cor�ding�to�eva�lu�a�ti�on�of�the�pe�rip�he�ral�ner�-
ve,�ede�ma�in�pe�ri�ne�u�ri�um (*),�axo�nal�de�ge�ne�ra�ti�on
(ar�row)�and�axo�nal�ede�ma�(*)�we�re�pre�do�mi�nant�in
the�tra�u�ma�gro�up�(Fi�gu�re�6a).�Nor�mal�axo�nal�cyto-
p�lasm�and�pe�ri�ne�u�ri�um�we�re�se�en�in�the�me�la�to�nin
gro�up�(Fi�gu�re�6b).

The�re�sults�of�the�sham�gro�up�we�re�si�mi�lar�to
tho�se�of�the�tra�u�ma�gro�up.�

Eva�lu�a�ting�the�ul�tras�truc�tu�ral�ef�fect�of�me�la�-
to�nin�on�the�chart�sho�wed�that�me�la�to�nin�sig�ni�fi�-

FI�GU�RE�1:�Se�pa�ra�ti�on�bet�we�en�the�cells�of�the�stra�tum�cor�ne�um�la�yer�of�the
epi�der�mis�(Ori�gi�nal�mag�ni�fi�ca�ti�on�x�2500,�uranyl�ace�ta�te�and�le�ad�cit�ra�te).�

FI�GU�RE�2:�Epidermis�layer�in�the�melatonin�group�(x�2500,�uranyl�acetate
and�lead�citrate).

FI�GU�RE�3:�Collagen�fibers�in�the�trauma�group,�edema�(*)�between�the�col-
lagen�fibers�(x�2500,�uranyl�acetate�and�lead�citrate).�
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cantly�re�du�ced�the�tra�u�ma�sco�res�(p<�0.01).�Com�pa�-
ri�son�of�the�me�la�to�nin�and�sham�gro�ups�in�di�ca�ted
that�dec�re�a�ses in�the�sham�gro�up�sco�res,�ex�cept�for
in�tra�nuc�le�ar�and�in�ters�ti�ti�al�ede�ma�in�the�epi�der�-
mis,�we�re sta�tis�ti�cally�sig�ni�fi�cant.�Va�lu�es�in the�me�-
la�to�nin�and�con�trol�gro�ups�we�re�pa�ral�lel�re�gar�ding
fib�rob�last�ac�ti�vity�and�in�ters�ti�ti�al�ede�ma�at�the�der-

mis�la�yer�(p>�0.05)�(Fi�gu�re�7). The�re�sults�ob�ta�i�ned
in�this�ani�mal�mo�del�sug�gest�a fa�vo�rab�le�ef�fect�of
me�la�to�nin�on�cold�in�jury.

DIS�CUS�SI�ON
Me�la�to�nin� is� a� very� sig�ni�fi�cant� com�po�und�with
well-known�an�ti�o�xi�dant�pro�per�ti�es.�It�is�ab�le�to�di-
rectly�sca�ven�ge�a�va�ri�ety�of�to�xic�oxy�gen�and�nit�-
ro�gen-ba�sed� re�ac�tants,� sti�mu�la�tes� an�ti�o�xi�da�ti�ve
enz�ymes,�in�cre�a�ses�the�ef�fi�ci�ency�of�the�elec�tron
trans�port�cha�in, the�reby�li�mi�ting�elec�tron�le�a�ka�ge
and�fre�e�ra�di�cal�ge�ne�ra�ti�on,�and�pro�mo�tes�ATP�syn-
the�sis.�Vi�a�the�se�ac�ti�ons,�me�la�to�nin�pre�ser�ves�the
in�teg�rity�of�the�mi�toc�hon�dri�a�and�helps�to�ma�in�ta�-
in�cell�func�ti�ons�and�sur�vi�val.16 Re�gu�la�ti�on�of�the
im�mu�ne�system�is�among�the�most�sig�ni�fi�cant��ple�-
i�ot�ro�pic�ef�fects�of�me�la�to�nin.21

The�re�ac�ti�on�of�skin�to�lo�cal�cold�in�jury as�a
vas�cu�lar� res�pon�se� and� tre�a�ting� agents�ha�ve�be�en
eva�lu�a�ted�ex�ten�si�vely.1-9 Mar�zel�la�et�al�stu�di�ed�fre�-
e�zing�in�jury�in�rab�bit�ears�using�se�ri�al�bi�op�si�es�exa�-
mi�ned� by� light� and� elec�tron� mic�ros�copy.� They
men�ti�o�ned�that�the�morp�ho�lo�gi�cal�evi�den�ce�of�skin
in�jury�du�e�to�fre�e�zing�was�lo�ca�li�zed�exc�lu�si�vely�in
the�en�dot�he�li�al�cells,�par�ti�cu�larly�in�the�ar�te�ri�o�les,
so� they� did not� per�form� de�ta�i�led�morp�ho�lo�gi�cal
analy�sis. Ac�cor�ding�to�Mar�zel�la,�fre�e�zing�ca�u�sed�an
im�me�di�a�te�se�pa�ra�ti�on�of�the�en�dot�he�li�al�cells.�In�the

FI�GU�RE�5a:�Collagen�fibers�in�the�melatonin�group�x�2500,�uranyl�acetate
and�lead�citrate).�m:�morgination,�v:�vaculization.

FI�GU�RE�5b:�Endothelial�cells�in�the�melatonin�group�(x�2500,�uranyl�acetate
and�lead�citrate).

FI�GU�RE�4:�Collagen�fibers�in�the�melatonin�group�(x�2500,�uranyl�acetate
and�lead�citrate).
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pre�sent� study,� alt�ho�ugh� so�me� of� the� en�dot�he�li�al
cells�of�the�tra�u�ma�gro�up�se�e�med nor�mal,�the�re�was
mar�gi�na�ti�on�and�clum�ping�of�the�nuc�le�i�in�the�ma-
jo�rity�of�the�cells.�Ede�ma�and�va�cu�o�li�za�ti�on�we�re

pre�sent�in�the�cytop�lasm�of�the�se�cells.�In�con�trast,
the�en�dot�he�li�al�cells�of�the�me�la�to�nin�gro�up�we�re
nor�mal�in�ap�pe�a�ran�ce.�Mar�zel�la�and�Kul�ka�al�so�re-
por�ted�se�pa�ra�ti�on�bet�we�en�the�ke�ra�ti�nocy�tes,�su�be�-
pi�der�mal�ve�sic�les�and�va�cu�o�li�za�ti�on.3,22�Bo�ur�ne�et�al
analy�zed�the�mic�ro�vas�cu�lar�chan�ges�in�frost�bi�te�in-
jury�and�re�mar�ked�that�the�se�ve�re�en�dot�he�li�al�cell
da�ma�ge�was�an�ini�ti�al�event�con�se�qu�ent�to�frost�bi�-
te�in�jury�and�fol�lo�wed�by vas�cu�lar�di�la�ti�on,�vas�cu�lar
in�com�pe�ten�ce�and�eryt�hrocy�te�ex�tra�va�sa�ti�on.23

Kni�ze�et�al�in�du�ced�frost�bi�te�in�rab�bit�ears�by

a�met�hod�that pro�du�ced�pre�dic�tab�le� tis�su�e� loss 1

They�men�ti�o�ned�that�ede�ma�was�ca�u�sed�by�in�cre�-

a�sed�in�tra�vas�cu�lar�hydros�ta�tic�pres�su�re�du�e�to�post-

ca�pil�lary�obs�truc�ti�on�and�dec�re�a�sed�in�tra�vas�cu�lar

os�mo�tic�pres�su�re,�se�con�dary�to�loss�of�plas�ma�pro-

te�ins.�As�frost�bit�ten�rab�bit�ears�are�ana�lo�go�us�to�a

com�po�si�te�skin�graft,�the�ir�sur�vi�val�is�en�dan�ge�red

by�the�sa�me�fac�tors.�In�the�tra�u�ma�gro�up�of�the�pre�-

sent�study,�in�tra-cytop�las�mic�ede�ma�and�va�cu�o�les

in�the�cells�of�the�stra�tum�cor�ne�um�la�yer�of�epi�der-

mis,�nuc�le�i�and�bet�we�en�the�col�la�gen�fi�bers�in�the

der�mis�la�yer�we�re�evi�dent. The�se�fin�dings�can�be

exp�la�i�ned�with�the�sa�me�mec�ha�nism as�men�ti�o�ned

by�Kni�ze�et�al.1 We�at�her�ley-Whi�te�et�al�al�so�stu�di�-

ed�cold�in�jury�in�rab�bit�ears�ex�pe�ri�men�tally�and

sho�wed�that�the�re�was�prog�res�si�ve�de�ge�ne�ra�ti�on�of

cell�mem�bra�nes�and�nuc�le�i�thro�ug�ho�ut�all�la�yers�of

the�ear.8

The�tre�at�ment�of�frost�bi�te�is�a�to�pic�fre�qu�ently

ad�dres�sed�in�many�stu�di�es.�Wi�dely�var�ying�mo�dels

of�tre�at�ment�ha�ve�be�en�eva�lu�a�ted�for�se�ve�re�cold

in�jury.�Sni�der�et�al�emp�ha�si�zed�that�the�ad�mi�nis�-

tra�ti�on�of� in�tra-ar�te�ri�al� re�ser�pi�ne� and� to�la�zo�li�ne

might�be�of�be�ne�fit�in�the�tre�at�ment�of�frost�bi�te.7

Sa�li�mi�et�al�fo�und�that�strep�to�ki�na�se�tre�at�ment�pro-

lon�ged� the� tis�su�e� re�per�fu�si�on� ti�me.6 Kni�ze� et� al

com�pa�red�a�non-io�nic�de�ter�gent�and�a�low�mo�le�-

cu�lar�we�ight�dex�tran�in�pre�ven�ting�tis�su�e�da�ma�ge

and�fo�und�that�the�non-io�nic�de�ter�gent�was�mo�re

ef�fec�ti�ve�in�pre�ven�ting�tis�su�e�loss.1

Me�la�to�nin,�known�as�an�ex�tre�mely�ef�fi�ci�ent
fre�e�ra�di�cal�sca�ven�ger�with�li�pop�hi�lic�and�hydrop�-
hi�lic�pro�per�ti�es�that�enab�le�it�to�pro�tect�aga�inst�ox-
i�da�ti�ve�stress�thro�ug�ho�ut�the�body,�has�be�en�shown

FI�GU�RE�7:�Chart�showing�the�ultrastructural�effects�of�melatonin.�

FI�GU�RE�6:�a.�Pe�rip�he�ral�ner�ve�in�the�tra�u�ma�gro�up,�ede�ma�in�pe�ri�ne�u�ri�um�(*),
axo�nal�de�ge�ne�ra�ti�on�(ar�row)�(x�2500,�uranyl�ace�ta�te�and�le�ad�cit�ra�te).�b.� Pe-
rip�he�ral�ner�ve�in�the�me�la�to�nin�gro�up�(x�2500,�uranyl�ace�ta�te�and�le�ad�cit�ra�-
te).�
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to�ha�ve�an�ef�fect�on�spi�nal�cold�in�ju�ri�es.11,12�This
agent�was�al�so�ex�pe�ri�men�tally�used�in�acu�te�car�di�-
ac�in�ju�ri�es�and�ce�reb�ral�ede�ma.10,12�In�ves�ti�ga�tors�re-
por�ted that� me�la�to�nin� tre�at�ment� im�pro�ved
re�co�very�in�the�se�tis�su�es.�Lim�et�al�used�me�la�to�nin
to�study the�sur�vi�val�of�re�imp�lan�ted�rab�bit�au�ri�cu�-
lar�com�po�si�te�grafts.�The�ir�study�de�mons�tra�ted�that
me�la�to�nin�sig�ni�fi�cantly�af�fec�ted�the�sur�vi�val�of�re�-
imp�lan�ted�au�ri�cu�lar�com�po�si�te�grafts.14 So�me�ac�ti�-
ons� of� me�la�to�nin� as� a� po�ten�ti�al� sup�por�ti�ve
phar�ma�co�lo�gic�agent�in�burn�pa�ti�ents�was�stu�di�ed
by�Mal�do�na�do and�Se�ner, but�ef�fects�on�frost�bi�te
are�still�unk�nown.20,24�Fin�dings�of�the�pre�sent�study
sho�wed�that�me�la�to�nin�had�a�pro�tec�ti�ve�ef�fect�aga�-
inst�ede�ma�in�the�epi�der�mis�la�yer and�pre�ven�ted ir-
re�gu�la�rity� and� di�sar�ran�ge�ment� of� the� col�la�gen
fi�bers�in�the�der�mis�la�yer�af�ter�cold�in�jury.

CONC�LU�SI�ON
Me�la�to�nin’s�low�to�xi�city�and�its�abi�lity�to�pe�net�ra�-
te�all�morp�hoph�ysi�o�lo�gic�mem�bra�nes�co�uld�ma�ke
it�a�highly�be�ne�fi�ci�al�mo�le�cu�le.�The�pre�sent�study
at�temp�ted�to�show�that�me�la�to�nin�re�du�ced�tra�u�ma
sco�res�and�de�mons�tra�ted�that�a�sig�ni�fi�cant�le�vel�of
cytop�ro�tec�ti�on�co�uld�be�ac�hi�e�ved�af�ter�cold�in�jury.
Thus,�this�oxy�gen�fre�e�ra�di�cal�sca�ven�ger�may�be�a
con�si�de�rab�le�the�ra�pe�u�tic�agent�in�the�tre�at�ment�of
cold�in�jury�of�the�skin. Furt�her�stu�di�es�are�re�qu�i�-
red�to�de�fi�ni�ti�vely�es�tab�lish�the�ef�fects�of�me�la�to�nin
in�frost�bi�te.
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