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ABSTRACT: The pathogenesis of frostbite, a kind of ischernia-reperfusion injury, is not clear in 
spite of various researches. The present study was aimed to assess the determination of nitric oxide 
in frostbite injury. Frozen rabbit ears were used in this study. Serum nitric oxide levels were 
measured. Eight New Zealand albino rabbits were subjected to the study. The right ears of rabbits 
were immersed into ethyl alcohol 100 % at - 20° Celsius and the left ears were not subjected to the 
cold injury. Blood samples were taken from vein of the frozen ears at re-warming period and at the 
4th hour. The control blood samples were taken from the left ears. Decreased nitric oxide levels 
were determined at the 4th hour in blood samples of the frozen ears (p<0.05) . 
These data suggest that nitric oxide may have an important role in frostbite. 
[Key words: Nitric oxide, Frostbite injury, Ischemia-reperfusion] 

INTRODUCTION 

Pathogenesis of frostbite has not yet 
completely enlightened though lots of 
experimental study have been reported. 
Reperfusion injury has been blamed as one of 
the deleterious mechanism. Robson and 
Hegger have reported the high level of PGFl 

and TxB l in bulla fluid as vasoconstrictor and 
aggregan (I). Increased POIl and TxB l 

metabolites in frozen tissue were reported 
recently (2). Various treatment modalities have 
been offered based on these mechanisms 
(3,4,5,6). But, none of them have useful 
enough to practical approach to frozen tissue. 
We investigated possible role of nitric oxide 
(NO) on the pathogenesis of frostbite injury. 
NO, first identified as an endothelium derived 
relaxation factor (EDRF), is now recognized as 

a regulatory of many mammalians cell and 
tissue functions. It is synthesized via the 
oxidation of arginine by a family nitric oxide 
synthesis (NOS), which are either calcium
dependent (constitutive) or calcium
independent (inducible) . The endogenous 
production of NO plays a vital role in 
regulating physiological processes, e.g. blood 
vessel tone and neurotransmission. NO 
mediates vasodilatation and attenuates 
vasoconstriction in vitro. NO is a unique 
biologic messenger molecule. (7). NO 
mediated responses are impaired in animals 
and humans with chronic hypoxia (8,9,10). 

MATERIAL AND METHODS 

Eight New Zealand albino rabbits, 
weighing 1645-2415 grn, were subjected to the 
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study. Anaesthesia was achieve d with Ketamin 
hydrochloride (80 mg/kg) and Xylasine (9 
mg/kg) intramuscularly . After dry shaving, 
both ears were marked 8 ern proximally from 
the tip perpendicularly. The area beyond this 
line was drawn on transparent acetate . A 
thermocouple probe (Greisinger GTH 1160) 
was placed 2 cm away from the tip of ear. 
Temperatures were recorded before the 
procedures. Afterwards, the rabbits right ears 
were immersed in a container filled with 100 % 
ethyl alcohol at - 20 C up to the mark . 0 

Temperatures were reco rded eve ry 15 seconds 
thro ughou t the proced ure. The ears were 
removed from the ethyl alcohol 4 min utes later 
and left for thawing at room temperature 
spo ntaneous ly. Then, the temperatures were 
recorded every l-rninute during thawin g and 
rewarming . The opposite ears were used as 
control. Rectal temperatures were a lso 
recorded during procedure. 

Blood samples were taken from frozen 
ears du ring the rewarming period and at the 4th 

: J" 
hour after thawing. Con trol blood samples 
were taken from opposite ears. 

Viability was evaluated on the frozen par t 
of ea rs. : ; ' 

Nit r ite a na lys is: Nitric oxide was 1'-: : 
quantified by measurements of the NO 
metabolite, nitrite, using the Grei ss reagent as 
describe before ( I I). In short, serum (250 ul ) 
was incubated at room temperature with 250 u l 
of substrate buffer (imidazo le 0.1 molll, 
nicotinam ide adenindinucleotide phosphate 
2 10 u rnol/l, tlav ineadenine di nucleo tide 
3.8 )lmolll pH:7.6) in the prese nce of nitrate to 
nitrite. Excess reduced nicotinamide aden ine 
dinucleotid phosphate, which interferes with 
the chemica l detect ion of nit rite, was ox idize d 
continuatio n of the incubation of 5 ug (1)l I) of 
LDH (S igma) , 0.2 mmollL (120 )ll ) pyruva te 
(Sigma) and 79 )ll of wa ter. Total nitri te was 
then analysed by reacti ng the samples with 
Greiss reagent ( I% sulfan ilamide, 0, I % 
naphthalene-ethylene diamine dihydrochloride 
in 5 % H3P04 spectroquant: Merck, Darmstadt, 
Germany). Reacted sa mples were treated with 
500 ul of trichl oro aceti c acid (20 %), 

ce ntr ifuged for 15 min at 8000 g and the 
absorbance at 548 nm. It was compared with 
that of NaN02 standard (0- 1OO)lmoIlL). 

Ass essme nt of Via bili ty : Necrotic areas 
of frozen tissue have become clear and 
det ached in 20 days. Viabl e skin areas of the 
ear were drawn on the ace tate that was 
prepared before the procedure. Both fro zen 
part of ear and viable areas of them were 
drawn and cut on the cardboard bye using the 
acetate. Formed pattern of cardboards were 
weighed in balance by 0.000 I gm se nsi tivity so 
that perce ntile of viable par t were determined 
( 12). 

Statistical Analys is: The rela ted groups 
were co mpared by Wilcoxon sig ned sample 
test. 

RES ULTS 

Rectal temperature of rabbits did not 
change throughout the experiment. Oedema 
and hyperaemia were seen on the firs t day of 
fro stb ite. Dry nec rosis was seen at the 5th day 
after the frostbite . Necrotic part of the tissue 
de tache d after the day . There was no 15th 

difference between the groups (p>0.05) . Th ere 
were no statistically differences between the 
rew arming and control group as to NO level s 

4th (p>0.05) . NO levels at the hour were 
sig nificant stati stically (p<0.05)(Table-I). 
There was no corre lation between the NO 
leve ls and rabbit we ights. 

DI SC USSION 

Although the frostbi te inju ry is not 
co mmon, lots of experi menta l researches have 
been performed . Wh eather-Wh ite and his 
co lleag ues have show n the via bility of the 
froze n skin graft after placi ng on the hea lthy 
host tissue so that they believed the reversal of 
frostbi te injury (13 ). In our study, we wai ted 
the re-warming of the rabbit ear after 
co mp letion of the frostbite. We did not use the 
rapid re-warming in order to mimic clini cal 
conditions. In fact, clini cal cases are generally 
encountered duri ng the re-warming period (14 
15). Some studies were also performed in the 
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room temp erature du ring the re-w arm ing 
period on the frostbite injury (16) . 

In our study, NO levels decreased at the 
4th hour acco rding to the re-w arming and 
control samples (p<0 .05). Decreased NO levels 
and its relation with necro sis in the fros tbite 
injury may be explained as follows . 

NO synthesis is dramatically increased 
after IL-2 treat ment (17, 18). It is reported that 
hypoth ermi a dec reases the immune response 
by decreasing IL- Icx and IL-2 (19) . Decreased 
IL level is able to depend on the decreased NO 
level in fros tbite injury. 

Endothelial ce lls are the most sensitive 
ce lls to the fros tbite inju ry (20) . Endothelium 
originated NO is one of the important 
substances and maintains vasc ular blood flow 
and pressure (2 1,22). NO synthesis of 
endo thelium may be decreased by fros tbite. 

NO prevent s the adhesion and aggregation 
nO I	 of the platelet (23,2 4,2 5). In fros tbite injury, 

both direct (ce llular) and indirect injuries occ ur 
by means of thrombosis and ischemia. It is 
reported tha t circ ula tion continues during the 
re-warming period (26,27,28) . Then , vasc ular 
stasis occ urs and vessels are occluded by 
thrombosis. Similar cha nges were reported 
ischernia-reperfus ion injury . It is reported that 
the reperfusion of ischemic myocardium 
precedes the enhanced PMN adhere nce to the 
endot helial surface and decreases the NO 
release (29). Decreased NO may be 
responsib le of tissue injury in fros tbite by 
increas ing the adhere nce of PMN cells. In the 
pathogenes is of the frozen tissue necrosis, low 
level of NO may be a contr ibutor in addition to 

nUl	 the increased aggregation and adhes ion of 
platelet. 

It is also reported that low level of NO has 
3000-fold affinity to Hb more than O2 (30) . 
Decrease d NO may cause tissue hypoxia that 
leads to tissue necrosis. 

Nowadays, treatment of fros tbite is based 
on the increased level of PGF2cx and TXB2 in 
bulla fluid, which was shown by Robson and 
Hegger ( I). Raine and his co lleag ues used anti

Ftily pros tag landi n age nts and stas is-inhibitors for 
(14

four day in the frost bite inju ry (16). NO 
I the 

strongly interac ts with the cyclo-oxygenase 

pathway and reduces the prostanoid synthesis 
and pressure effect of nitric oxide synthes is 
inhibitor (L-NA ME) partly	 relies upon the 
vasoconstric tor effect of TxA2 and PGH2 (3 1). 

Decreasing the adhes ion of PNL on 
endothelium and coun t of leukocyte by mea ns 
of PGI2 has been reported (32,33) . 

First effect of PGI 2 is to increase the 
microcirculation in the frozen tissue . This 
hypothesis has bee n suppor ted in ischem ic flap 
model (34) . It was show n that inhibiting 
adhesion and aggregation of PNL by using 
ant ibody minimi sed the fros tbite inj ury by 
Mileski and his colleag ues (35). It is important 
the co unt of PN L because of their co ntribution 
on producing free radica ls, releasing protease 
and deleterious effects on health y tiss ue 
(36,37) . It was show n tha t exogenous intra 
arteria l injection of PGh increased the survival 
of axia l pattern flaps (38). In addition, Tx A2 
synthesis is decreased by PGh treatment (39) . 

Large amount of NO is syntheses by 
macrophages (40,4 1). Increased macroph ages 
were reported in froze n tissue at the 3'd days of 
frostbi te injury (2) . Increased macroph age 
count in froze n tissue may be a sa lvageable 
mechanism of fros tbite injury in order to 

inc rease NO synthesis . 
In conclusion, NO may play an important 

role on the pathogenesis fros tbite injury. We 
designed a new study to clarify which 
mechanism is esse ntial on fros tbite injury. 
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Table I: Serum nitric oxide levels (umo l/L) 
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