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ABSTRACT
$CGH� C:� H<9� 6=C7<9A=75@� 5B8� D<MG=C@C;=75@� GHI8=9G� C:��BH5F7H=7� nG<� K9F9� 8=F97H98� HC� IB89FGH5B8� H<9�

AC@97I@5F�585DH5H=CB�C:�H<9G9�97HCH<9FAG�HC�@CK�H9AD9F5HIF9G�5B8�@=A=HG�C:�H<9=F�A9H56C@=7�D@5GH=7=HM�5GGC7=5H98�
K=H<�H<9FA5@�GHF9GG	#+<9�DF=B7=D5@�C6>97H=J9�C:�H<=G�F9J=9K�=G�HC�8=G7IGG�H<9�9B9F;M�A9H56C@=GA��C:�#�5F;=B=B9��
5BH=CL=85BH�89:9BG9�5B8�H<9�L9BC6=CH=7G�C:��BH5F7H=7�nG<9G�5G�DCGG=6@9�A5F?9FG�C:�9BJ=FCBA9BH5@�7<5B;9	��.=H<�
H<9�9GH56@=G<A9BH�C:�H<9�7=F7IADC@5F�7IFF9BH�5B8�H<9�D<MG=75@�=GC@5H=CB�C:�H<9�F9;=CB���BH5F7H=7�nG<9G�9JC@J98�
IB89F� GH56@9� @CK� H9AD9F5HIF9G	� +<9� 9@9J5H98� 9B89A=GA�� @CK� 8=J9FG=HM�� 5B8� H<9� DFC656@9� stenothermality#
ACH=J5H98� 5� BIA69F� C:� GHI8=9G� CB��BH5F7H=7� nG<9G	�+<9� DF9G9B79� C:� 9BNMA9G�K=H<� D<MG=75@� 5B8� 7<9A=75@�
DFCD9FH=9G�585DH98�HC�@CK�H9AD9F5HIF9G�K5G�9J=89BH�=B�J5F=CIG�GHI8=9G�5B8�:CFH=n98�H<9�7C@8�585DH5H=CB�7CB79DH�
of#these#organisms.##By#ratifying#the#Antarctica#Environmental#Protection#Treaty#(Madrid#protocol),#the#member#
countries#committed#themselves#to#monitoring#the#environment#of#the#region.#Though,#it#is#one#of#the#most#
pristine#regions#of#the#planet,#increasing#human#activity#in#Antarctica#has#given#rise#to#concerns#about#pollution#
:FCA�7CA6IGH=CB�C=@G��<95JM�A9H5@G�5B8�G9K5;9	��G�H<9�9B9F;M�GIGH5=B56=@=HM�C:�H<9�H=GGI9G�F9EI=F9G�H<5H�H<9�
J9@C7=HM�C:�H<9��+'�;9B9F5HCF�GMGH9AG�G<CI@8�69�=B�GH9D�K=H<�H<9�9B9F;M�89A5B8��7<5B;9G�=B�H<9�9BJ=FCBA9BH�
KCI@8�@958�HC�9@9J5H=CB�=B� H<9�9B9F;M�89A5B8�C:� H<9�CF;5B=GAG��K<=7<�=B� HIFB�89A5B898�5B�58>IGHA9BH�C:�
H<9��+'�GMBH<9G=G�J9@C7=HM	�  B� H<9G9�75G9G� H<9�9BNMA5H=7�IDF9;I@5H=CB�5B8�8CKBF9;I@5H=CB�<5J9�699B�IG98�
5G�6=CA5F?9FG�C:�H<9�9B9F;M�A9H56C@=GA	�+F58=H=CB5@@M��H<9�5BH=CL=85BH�89:9BG9�9BNMA9G�5B8�H<9�L9BC6=CH=7�
A9H56C@=GA�C:�nG<9G�<5J9�699B�IG98�5G�6=CA5F?9FG�HC�5779GG�H<9�B5HIF5@�CF�5BH<FCD=7�9BJ=FCBA9BH5@�7<5B;9	�
�CK9J9F��H<9G9�GHI8=9G�AIGH�correlate#�H<9�@9J9@G�C:�9BNMA9G�K=H<�H<9�DF=B7=D5@�F=G?�:57HCFG�=B�H<9�9BJ=FCBA9BH5@�
DC@@IH=CB	�#�5F;=B=B9�A9H56C@=GA� 9BNMA9G�<5J9� 699B�IG98� 5G� 6=CA5F?9FG� C:� H<9� D<MG=C@C;=75@� F9GDCBG9� =B�
A5AA5@G��6IH�H<9F9�5F9�:9K�GHI8=9G�CB��BH5F7H=7�nG<9G	�+<9�79BHF5@�FC@9�C:�H<9�5A=BC�57=8�#�5F;=B=B9�=B�H<9�
GMBH<9G=G�C:�B=HF=7�CL=89��DC@M5A=B9G�5B8�5G�5�G=;B5@�=B�J5F=CIG�D<MG=C@C;=75@�DFC79GG9G�<5G�8F5KB�H<9�5HH9BH=CB�
C:�G7=9BH=GHG	�+<9�H=GGI9�8=GHF=6IH=CB�5B8�H<9�=GC:CFAG�8=GHF=6IH=CB��5@CB;�K=H<�=HG�7CBHFC@�J=5�IDF9;I@5H=CB�5B8�
8CKBF9;I@5H=CB�C:�H<9�5F;=B5G9�9BNMA9G��B=HF=7�CL=89�GMBH<5G9�5B8�ornithine#8975F6CLM@5G9�=B��BH5F7H=7�nG<9G�
5F9�DCH9BH=5@�6=CA5F?9FG�:CF�9BJ=FCBA9BH5@�7<5B;9	
Keywords:#Antarctica��nG<��6=CA5F?9FG��A9H56C@=GA��9BJ=FCBA9BH	

RESUMO
RESPOSTAS'METABÓLICAS'DE'PEIXES'ANTÁRTICOS'COMO'MARCADORES'DE'IMPACTO'

AMBIENTAL.��C5�D5FH9�8CG�9GHI8CG�6=CEIYA=7CG�9�nG=C@[;=7CG�7CA�D9=L9G��BHRFH=7CG�:CF5A�7CB8IN=8CG�
objetivando#entender#a#adaptação#molecular#desses#organismos#ectotérmicos#às#baixas#temperaturas,#bem#como##
os#limites#da#sua#plasticidade#metabólica#associada#com#o#estresse#termal.#O#principal#objetivo#desta#revisão#
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é#discutir# os#metabolismos# energético,# da#L+arginina,# de#xenobióticos# e# da#defesa# antioxidante#dos#peixes#
5BHRFH=7CG	��CA�C�9GH569@97=A9BHC�85��CFF9BH9��=F7IADC@5F��BHRFH=75�9�C�=GC@5A9BHC�;9C;FRn7C�85�F9;=UC��
CG�D9=L9G�5BHRFH=7CG�9JC@IYF5A�GC6�H9AD9F5HIF5G�65=L5G�9�9GHRJ9=G	�&�B^A9FC�9@9J58C�89�9GDW7=9G�9B8XA=75G��
a#baixa#diversidade#e#a#provável#estenotermia#motivaram#diversos#estudos#com#peixes#antárticos.#A#presença#
89�9BN=A5G�7CA�DFCDF=98589G�nG=7C�EIYA=75G�585DH585G�5�65=L5�H9AD9F5HIF5�n7CI�9J=89BH9�9A�JRF=CG�9GHI8CG�
9� F9:CFVCI�C�7CB79=HC�89�585DH5VUC�5C�:F=C	��C�F5H=n75F�C�'FCHC7C@C�89�'FCH9VUC��A6=9BH5@�D5F5�C�+F5H58C�
85��BHRFH=75��DFCHC7C@C�89�$58F=���CG�D5YG9G�A9A6FCG�G9�7CADFCA9H9F5A�7CA�C�ACB=HCF5A9BHC�5A6=9BH5@�
da# região.#Embora# seja# considerada#a# região#mais#preservada#do#planeta,# a#presença#humana#crescente#na#
�BHRFH=75�H9A�ACH=J58C�DF9C7ID5V]9G�9A�F9@5VUC�S�DC@I=VUC�DCF�[@9C�7CA6IGHYJ9@��A9H5=G�D9G58CG�9�9G;CHC	�
�� GIGH9BH56=@=8589� 9B9F;WH=75� 8CG� H97=8CG� F9EI9F� EI9� 5� J9@C7=8589� 89� GYBH9G9� 89��+'� D9@CG� G9IG� G=GH9A5G�
geradores#esteja#em#consonância#com#a#demanda#energética.#Mudanças#ambientais#podem#elevar#a#demanda#
9B9F;WH=75�8CG�CF;5B=GACG�9�� DCF� GI5�J9N��89A5B85F� 5>IGH9G�B5�J9@C7=8589�89� GYBH9G9�89��+'	�%9GG9� 75GC��
CG�5IA9BHCG�CI� F98IV]9G�8CG�BYJ9=G�9BN=ARH=7CG� H9A�G=8C�IH=@=N58CG�7CAC�6=CA5F758CF9G�8C�A9H56C@=GAC�
energético.#Tradicionalmente,#enzimas#da#defesa#antioxidante#e#do#metabolismo#de#xenobióticos#de#peixes#tem#
sido#utilizadas#como#biomarcadoras#para#indicar#alterações#ambientais#naturais#ou#antrópicas.#Estes#estudos#
89J9A�7CFF9@57=CB5F�CG�BYJ9=G�89�5H=J=8589�9BN=ARH=75�7CA�5�DF9G9BV5�8C�DF=B7=D5@�:5HCF�89�F=G7C�85�DC@I=VUC�
ambiental.#As#enzimas#do#metabolismo#da#L+arginina#tem#sido#utilizadas#como#biomarcadoras#de#respostas#
nG=C@[;=75G�9A�A5AY:9FCG��A5G�<R�DCI7CG�9GHI8CG�GC6F9�D9=L9G�5BHRFH=7CG	���:IBVUC�8C�5A=BCR7=8C�#�5F;=B=B5�
B5� GYBH9G9� 89� [L=8C� BYHF=7C�� DC@=5A=B5G� 9� 7CAC� G=B5@=N58CF� 9A�JRF=CG� DFC79GGCG�nG=C@[;=7CG� H9A� 7<5A58C�
5�5H9BVUC�89�D9GEI=G58CF9G	���8=GHF=6I=VUC�H97=8I5@�9�5�8=GHF=6I=VUC�89�=GC:CFA5G��69A�7CAC�C�7CBHFC@9�J=5�
upregulation#e#downregulation�85G�9BN=A5G�5F;=B5G9��[L=8C�BYHF=7C�G=BH5G9�9�CFB=H=B5�89G75F6CL=@5G9�89�D9=L9G�
antárticos#representam#potenciais#biomarcadores#de#alterações#ambientais.
PalavrasDchave:'Antárticai#peixei#biomarcadori#metabolismoi#ambiente.

RESUMEN
RESPUESTAS' METABÓLICAS' DE' PECES' ANTÁRTICOS' COMO' POTENCIALES'

MARCADORES'DE' IMPACTO'AMBIENTAL.'#5�A5MCFY5� 89� @CG� 9GHI8=CG� 6=CEIYA=7CG� M� nG=C@[;=7CG�
de# los# peces# antárticos# fueron# realizados# para# entender# las# adaptaciones#moleculares# de# estos# organismos#
97HCHWFA=7CG�5�@5G�65>5G�H9AD9F5HIF5G��5GY�7CAC�H5A6=WB�@CG�@YA=H9G�89�GI�D@5GH=7=858�A9H56[@=75�5GC7=58C�5@�
estrés#térmico.#El#principal#objetivo#de#esta#revisión#es#discutir#como#posibles#marcadores#del#cambio#ambiental##
a#los#metabolismos#energéticos#de#la#L+#arginina,##de#los#xenobioticos##y#de#las#defensas#antioxidantes#de#los#
D979G�5BHRFH=7CG	��CB�9@�9GH56@97=A=9BHC�89�@5��CFF=9BH9��=F7IADC@5F��BHRFH=75�M�9@�5=G@5A=9BHC�;9C;FRn7C�89�@5�
región,#los#peces#antárticos#evolucionaron#en#condiciones#estables#de#baja#temperatura.#El#elevado#endemismo,#
la#baja#diversidad#y#la#probable#estenotermia#motivaron#numerosos#estudios#en#peces#antárticos.#La#presencia#
89�9BN=A5G�7CB�DFCD=98589G�:YG=7C�EIYA=75G�585DH585G�5�@5G�65>5G�H9AD9F5HIF5G�:I9�9J=89BH9�9B�J5F=CG�9GHI8=CG�
M�F9:CFN[�9@�7CB79DHC�89�585DH57=[B�5@�:FYC�89�9GHCG�CF;5B=GACG	��B�@5�F5H=n757=[B�89@�'FCHC7C@C�5@�+F5H58C�
�BHRFH=7C�GC6F9�'FCH977=[B�89@�$98=C��A6=9BH9��'FCHC7C@C�89�$58F=8���@CG�D5YG9G�A=9A6FCG�G9�7CADFCA9H=9FCB�
5@�ACB=HCF9C�5A6=9BH5@�89�@5�F9;=[B	�*=�6=9B�9G�IB5�89�@5G�F9;=CB9G�ARG�DFYGH=B5G�89@�D@5B9H5��9@�5IA9BHC�89�
la#actividad#humana#en#Antártida#ha#generado#preocupación#en# relación#con# # la#polución#generada#por# los#
aceites#de#combustión,#los#metales#pesados#y#las#aguas#de#desecho.#La#sustentabilidad#energética#de#los#tejidos#
F9EI=9F9�EI9� @5�J9@C7=858�89�GYBH9G=G�89��+'��5�D5FH=F�89�GIG�G=GH9A5G�;9B9F58CF9G��8965�9GH5F�G=B7FCB=N585�
7CB�@5�89A5B85�89�9B9F;Y5	��5A6=CG�9B�9@�5A6=9BH9�7CB@@9J5FRB�IB�5IA9BHC�9B�@5G�89A5B85G�9B9F;WH=75G�89�
@CG�CF;5B=GACG��EI9�5�GI�HIFBC�89A5B85FRB�IB�5>IGH9�89�@5�J9@C7=858�89�GYBH9G=G�89@��+'	��B�9GHCG�75GCG��@CG�
aumentos#o#disminuciones#de#los#niveles##enzimáticos#han#sido#utilizados#como#biomarcadores#del#metabolismo#
energético.#Tradicionalmente,#las#enzimas#de#defensa#antioxidante#y#del#metabolismo#de#xenobioticos#de#peces#
han#sido#utilizadas#como#biomarcadores##para#indicar#alteraciones#ambientales#naturales#o#de#origen#antrópico.#
Estos#estudios#deben#correlacionar#los#niveles#de#actividad#enzimática##con#los#principales#factores#de#riesgo#de#
la#polución#ambiental.#Las#enzimas#del#metabolismo#de#la#L+arginina#han#sido#utilizadas#como#biomarcadores#



RODRIGUES,#E.#et'al.#

Oecol.'Aust.,#15(1):#124+149,#2011

126

89�@5G�F9GDI9GH5G�nG=C@[;=75G�9B�A5AY:9FCG��D9FC�9L=GH9B�DC7CG�HF565>CG�9B�D979G�5BHRFH=7CG	��@�FC@�79BHF5@�89@�
5A=BCR7=8C�#�5F;=B=B5�9B�@5�GYBH9G=G�89�CL=8C�BYHF=7C��DC@=5A=B5G�M�7CAC�G9Z5@�9B�J5F=CG�DFC79GCG�nG=C@[;=7CG�
<5� @@5A58C� @5� 5H9B7=[B�89� @CG� =BJ9GH=;58CF9G	�#5�8=GHF=6I7=[B�89� H9>=8CG� 9� =GC:CFA5G�� 5GY� 7CAC� H5A6=WB� GI�
7CBHFC@��JY5�@5�F9;I@57=[B�89�@5G�9BN=A5G�5F;=B5G5G��GYBH9G=G�89�CL=8C�BYHF=7C�M�@5�CFB=H=B5�89G75F6CL=@5G5�9B�
peces#antárticos#son#potenciales#biomarcadores#de#cambios#ambientales.
Palabras'clave:#Antártidai#pecesi#biomarcadoresi#metabolismoi#ambiente.

INTRODUCTION'

+<9� DF9G9BH��BH5F7H=7� nG<� :5IB5� 9JC@J98� IB89F�
H<9� G9@97H=J9� DF9GGIF9� C:� @CK� H9AD9F5HIF9G� 5B8�
G95GCB5@=HM�=ADCG98�6M�H<9�@CB;�5IGHF5@�K=BH9FG	��:H9F�
H<9�6F95?ID�C:�H<9�GID9F�7CBH=B9BH���CB8K5B5�5B8�H<9�
ACJ9A9BH� C:��BH5F7H=75� HCK5F8G� H<9� *CIH<� 'C@9� ��#
40#million#years#ago),#the#temperatures#of#the#austral#
ocean# decreased# gradually# from# 15oC# to# the# near#
:F99N=B;� DC=BH	� +<=G� 7CC@=B;�K5G� 5779@9F5H98� =B� H<9�
@5GH��A=@@=CB�M95FG��K<9B� H<9� H9AD9F5HIF9�897@=B98�
(0.25oC/100,000#years)#from#about#5oC#to#the#present#
values,# but# still# considered# enough# for# the# adaptive#
9JC@IH=CB�C:��BH5F7H=75�nG<9G���5GHA5B������	
The#south#Antarctic#Polar#Frontier#compiled#data#

C:� =7<H<MC:5IB5� G<CK� H<9� 9L=GH9B79� C:� �� GD97=9G�
distributed#in#50#families#and#dominated#by#benthic#
nG<9G� ������ C:� H<9� %CHCH<9B=C=89=� :5A=@M� ��=;IF9�
��� ��5GHA5B� ����	� �J9B� H<CI;<� H<9� A5F=B9� nG<9G�
are# represented# by# approximately# 16,764# species,#
H<9�=7<H<MC:5IB5�C:��BH5F7H=75�=G�CB@M��	���C:�H<9G9�
species# (Eschmeyer' et' al.# 2010).# Every# year,# about#
��������B9K�GD97=9G�C:�A5F=B9�nG<�5F9�89G7F=698�=B�
a#total#of#5,000#not#reported#(Eschmeyer'et'al.#2010).#
 B� H<9��BH5F7H=7� A5F=B9� 9BJ=FCBA9BH�� H<9� IB?BCKB�
=7<H<MC:5IB5�K5G� 9GH=A5H98� HC� 69� 56CIH� ��� GD97=9G�
by# Eastman# (2005).# The# most# important# molecular#
7<5B;9�=B�H<9�585DH=J9�9JC@IH=CB�C:��BH5F7H=7�nG<�K5G�
the# antifreeze# glycoproteins# (AFGP)# in# biological#
oI=8G� 56CIH� �� HC� ���A=@@=CB� M95FG� 5;C	�+<9G9� 7@5GG�
of# proteins# probably# derived# from# mutation# in# the#
HFMDG=BC;9B� ;9B9�� =G� F9GDCBG=6@9� :CF� H<9� oI=8=HM� C:�
H<9� 6=C@C;=75@� oI=8G� =B� BCHCH<9B=C=8G� =B� GI6N9FC�
temperatures#(Chen'et'al.#1997).
Studies# of# the# physicochemical# properties# of#

enzymatic# proteins# and# non+enzymatic# proteins#
C:��BH5F7H=7� nG<9G� 5B8� H<9=F� 8=GH=B7H=CB� :FCA� H<9=F�
<CAC@C;I9G�9B7CIBH9F98�=B�H9AD9F5H9�K5H9F�nG<9G�5F9�
corroborated#to#understand#the#physiological#systems#
C:�nG<9G�=B�GI6N9FC�H9AD9F5HIF9G��*CA9FC�����	�+<9�

elevated# values# of# enthalpy# and# the# polymerization#
9BHFCDM� C:� =GC@5H98� HI6I@=B� =B� �BH5F7H=7� nG<9G�
Notothenia'coriiceps,#Notothenia'gibberifrons#and#the#
=79nG<�Chaenocephalus'aceratus,#compared#to#those#
C:�H9AD9F5H9�K5H9F�nG<9G�5B8�<CA9CH<9FA=7�5B=A5@G��
5F9�7CAD5H=6@9G�K=H<�H<9�DC@MA9F=N5H=CB�C:�HI6I@=B�5H�
0oC#(Detrich# III#1991).#Considering# the#central# role#
played#by#ATP#generation#process#and#the#energetic#
demand#of#the#physiological#systems,#biochemists#and#
physiologists#have#concentrated# their# studies#on# the#
9B9F;M�A9H56C@=GA	��BNMA9G�K=H<�@CK�J5@I9G�C:�"A�
and#K0,5��5@CB;�K=H<�H<9�9@9J5H98�J5@I9G�C:�"75H��<5J9�
sustained#the#evolutionary#metabolic#compensation#of#
H<9��BH5F7H=7�nG<9G�5H�@CK�H9AD9F5HIF9G���@5F?9������
*CA9FC� ����	� +<9� 9BNMA9� D<CGD<C:FI7HC?=B5G9�
�'�"�� =B� H<9��BH5F7H=7�nG<�Trematomus'bernacchii,#
considered# as# the#principal# regulator# enzyme# in# the#
;@M7C@MH=7� D5H<K5M�� <5G�"0,5# value# for# the# substrate#
fructose+6+phosphate#20#fold#less#at#5oC#than#at#20oC#
(Rodrigues'et'al.#1994).#

Figure'1	��=J9FG=HM� C:� H<9��BH5F7H=7�nG<� :5IB5� =B� H<9�*CIH<9FB�&795B	�
Notothenioidei,# Liparidae# and# Zoarcidae# taxa# represent# the# largest#
BIA69F� C:� 69BH<=7� �BH5F7H=7� nG<� GD97=9G� ���	���	� �5H5� 7CAD=@98� 6M�

Eastman#(2005)
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�J9B�H<CI;<�H<9��BH5F7H=7�=G�CB9�C:�H<9�D@5B9HG�K9@@�
preserved#environment,#scientists#are#concerned#about#
increasing#human#activity#in#the#region,#particularly#
H<9� @C75@=N98� DC@@IH=CB� B95F� G7=9BH=n7� GH5H=CBG� 5B8�
near#the#anchorage#of#research#and#tourist#ships.#The#
G=B?=B;� C:� '5F58=G9� �5M� =B� ������ B95F� H<9��BJ9FG�
Island# in# the#Antarctic# Peninsula# spilled# 600,000L#
C:� 8=9G9@� C=@� 5B8� 7CBH5A=B5H98��BH5F7H=7� nG<9G� 5B8�
=BJ9FH96F5H9�=B�5B�5F95�C:����?A2#(Kennicutt#II#1995,#
Janiot'et'al.#2003).##

�=G7<5F;9� C:� G9K5;9�� 6IFB=B;� C:� :CGG=@� :I9@G� =B�
H<9� G7=9BH=n7� GH5H=CBG�� 5@CB;� K=H<� H<9� @95?5;9� C:�
GA5@@�EI5BH=H=9G�C:�7CA6IGH=CB�C=@�K<9B�HF5BG:9FF=B;�
it# from# ships# to# coastal# stations# are# the# principal#
GCIF79G��BH5F7H=7�7C5GH5@�F9;=CBG�DC@@IH=CB�5@CB;�K=H<�
heavy#metal#and#petroleum#derivatives#hydrocarbon#
��IEI9GB9���)=88@9������<B'et'al.#2003).##

�C@@CK=B;� H<9� F5H=n75H=CB� C:� H<9� 'FCHC7C@� CB�
Environmental# to# the# Antarctic# Treaty# (Madrid#
Protocol)# in# 1991,# the# members# of# the# treaty# have#
committed# themselves# to# environmental#monitoring#
and#have#made#efforts#to#reduce#the#anthropic#impact#
C:�H<9=F�G7=9BH=n7�57H=J=H=9G�=B�H<9�F9;=CB	�+<9�*D97=5@@M�
Managed#Antarctic#Area# (ASMA)# in# the#Admiralty#
�5M� ���?A2),# located# on# the# King# George# island#
(62o02’S#and#58o�m.���*CIH<�*<9H@5B8��F7<=D9@5;C��
<5G�G7=9BH=n7�GH5H=CBG�:FCA���B5H=CBG���F5N=@���7I58CF��
Peru,# Poland# and# USA)# and# is# of# Site# of# Special#
*7=9BH=n7�  BH9F9GH� �*** � %o# 8)# (Braun' et' al.# 2001,#
Arigony+Neto' et' al.# 2004).# The# human# impact# in#
the#ASMA#in#Admiralty#Bay#and#the#environmental#
F=G?G� 5F9� <=;<9F� 8IF=B;� 5IGHF5@� GIAA9F�� 5G� H<9F9� =G�
AI7<�ACJ9A9BH� C:� G7=9BH=n7� 5B8� HCIF=GHG� G<=DG�� 5G�
K9@@� 5G� H<9� 7CFF9GDCB8=B;� =B7F95G9� =B� H<9�D9FGCBB9@�
and#logistics,#particularly#those#involving#transfer#of#
7CA6IGH=6@9�:FCA�G<=DG�HC�G7=9BH=n7�GH5H=CBG	�
The# monitoring# of# Admiralty# Bay# ASMA#

integrates#goals#of#the#National#Institute#of#Antarctic#
Science,# Technology# and# Environmental# Research#
(INCT+APA)# of# the# Brazilian# Antarctic# Program.#
Using# a# long# time# series# of# the# physical,# chemical#
and#biological#processes,#INCT+APA#is#interested#in#
understanding#the#natural#and#anthropic#impacts#in#the#
region.#The#incorporation#of#biological#information#in#
H<9�56=CH=7�85H5�5AD@=n9G�H<9�ACB=HCF=B;�DCGG=6=@=H=9G��
predicting#its#effects#on#the#biota#and#evaluating#the#
9BJ=FCBA9BH5@�F=G?�=B�75G9�C:�7CBH5A=B5H=CB	��@@�H<9�
biological#responses#arising#from#the#changes#in#the#

physical#and#chemical#environment#have#their#origin#
5H�H<9�AC@97I@5F�@9J9@��5B8�F9o97H98�=B�H<9�IDD9F�@9J9@G�
of#the#hierarchy#such#as#biochemical,#physiological,#
cellular#and#tissues#(van#der#Oost'et'al.#2003).#

�+<9�H9FA�6=CA5F?9F�=G�IG98�HC�9LDF9GG�A95GIF56@9�
7<5B;9G� =B� H<9� 6=C@C;=75@� H=GGI9G� 5B8� oI=8G� 5H� H<9�
molecular,# biochemical,# cellular# and# physiological#
levels.#The#changes#arise#at# the#sub#individual#level#
and#are# induced#by# the#changes# in# the#physical#and#
chemical# environments# (van# der# Oost' et' al.# 2003,#
Lam# 2009).# The# advantages# of# using# biochemical#
6=CA5F?9FG�=B�9BJ=FCBA9BH5@�ACB=HCF=B;�5G�7CAD5F98�
to#the#biological#response#at#higher#levels#(populations,#
communities# and# ecosystems)# is# principally# on# the#
@CK�7CGH�C:�5B5@MG=G��GD97=n7=HM�5B8�95F@M�7<5B;9G�HC�
H<9�6=C@C;=75@�5BGK9FG��#5A�����	

+<9�IG9�C:�nG<9G�5G�6=C=B8=75HCFG�=B�9BJ=FCBA9BH5@�
monitoring# programs,# rests# on# the# fact# that# the#
species#are#easy#to#identify,#are#distributed#in#distinct#
trophic#levels#and#have#long#life.#Different#from#the#
G9GG=@9� CF;5B=GAG�� nG<9G� 9LDF9GG� H<9� GHF9GG� :57HCFG�
K=H<=B� 5B� 5F95� 5B8� C::9F� 5AD@9� =B:CFA5H=CB� 56CIH�
H<9�9BJ=FCBA9BH��.<=Hn9@8����@@=CHH�����*<5<=8I@�
 G@5A���+5B5?5�����	

�=C7<9A=75@�6=CA5F?9FG�C:�nG<9G�<5J9�699B�IG98�
to#evaluate#the#pollutants#impact#on#the#environment#
and# in# the# recovery# of# contaminated# environments#
(Regoli' et' al.# 2002,# Linde+Arias' et' al.# 2008).# The#
G9@97H=CB� C:� H<9� G9BH=B9@� CF;5B=GAG� 5B8� 6=CA5F?9FG�
G<CI@8� 69� IG98� K=H<� 5� @CH� C:� 7F=H9F=5�� 65G98� CB� H<9�
G7=9BH=n7� GHI8=9G� C:� H<9� 89G=F98� GD97=n7=HM� 5B8�
sensitivity#to#the#detection#of#the#toxic#stress#arising#
from#changes#in#the#environment.#
The# increasing# anthropic# activity# in# the# region#

has# given# rise# to# concerns# about# the# pollution# of#
9BJ=FCBA9BH�5FCIB8�H<9�G7=9BH=n7�GH5H=CBG�5B8�D@579G�
K<9F9� G<=DG� 5B7<CF	� +<=G� 5FH=7@9� GIAA5F=N9G� H<9�
enzymatic#information#on#the#L+arginine,#xenobiotic,#
antioxidant# defense# and# energy# metabolism# in#
�BH5F7H=7� nG<� 5B8� H<9=F� DCH9BH=5@� HC� GHI8M� H<9�
environmental#impacts.#

ENERGETIC'METABOLISM

Physiologists# and# biochemists# have# studied# the#
energy#metabolism#of#Antarctic#organisms#as#the#ATP#
generation#process#plays#a#central#role#in#the#functioning#
C:� CH<9F� D<MG=C@C;=75@� GMGH9AG� ��@5F?9� ����	�  B�
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J9FH96F5H9G��H<F99�A5=B�A9H56C@=7�D5H<K5MG�5F9�IG98�
to#maintain#the#tissue#ATP#level:#a)#generation#of#ATP#
from#creatine#phosphatei#b)#anaerobic#catabolism#of#
substrate# (fermentation)i# and# c)# aerobic# catabolism#
C:�H<9�GI6GHF5H9��F9GD=F5H=CB����C7<57<?5���*CA9FC�
��5�	�+C� GIGH5=B� H<9� H=GGI9G� 9B9F;M� F9EI=F9A9BHG��
the# velocity# of# the# ATP# generation# systems# must#
69� =B� GMB7<FCB=GA� K=H<� H<9� 9B9F;M� 89A5B8	� +<9�
A9H56C@=7� F5H9� =B��BH5F7H=7�nG<9G�89D9B8G�D5FH@M�CB�
H<9�9LDF9GG=CB�C:�H<9�9BNMA5H=7�DFCH9=BG�K=H<�H<9FA5@�
?=B9H=7�DFCD9FH=9G�H<5H�F9H5=B�H<9�75H5@MH=7�9:n7=9B7M�5H�
GI6N9FC�H9AD9F5HIF9G	�+<9�DF9G9B79�C:�9BNMA9G�K=H<�
ACF9� o9L=6@9� GHFI7HIF9G�� K=H<� 9@9J5H98� "75H� J5@I9G�
5B8�@CK�"A�<5J9�699B�=BH9FDF9H98�5G�H<9�<CAC@C;CIG�
C:�H<CG9�:CIB8�=B�nG<9G�=B�H9AD9F5H9�K5H9FG��5B8�<5J9�
H<9�585DH=J9�58J5BH5;9G�5H�@CK�H9AD9F5HIF9G��*CA9FC�
����	�+<9�EI5BH=HM�C:�H<9�9LDF9GG98�DFCH9=BG�=B�H<9�
tissues#is#also#an#important#modulator#of#the#energy#
metabolism# and# is# related# to# the# metabolic# rate# in#
GI6N9FC�H9AD9F5HIF9G���C7<57<?5���*CA9FC���5�	�
This#strategy#permits#the#increase#in#the#concentration#
C:� ?9M� 9B9F;M� A9H56C@=7� 9BNMA9G� �IDF9;I@5H=CB���
7CAD9BG5H=B;�H<9�B9;5H=J9�9::97H�C:�@CK�H9AD9F5HIF9�
on#the#velocity#of#enzymatic#reactions.#Haschemeyer#
(1983)#investigating#the#protein#synthesis#in#the#tissues#
C:�H<9��BH5F7H=7�nG<�Notothenia'coriiceps,#Notothenia'
gibberifrons# and# Chaenocephalus' aceratus,# found#
H<5H�H<9�J9@C7=HM�C:�H<9�DFC79GG�=G�H=GGI9�GD97=n7�5B8�
=G� 9LDF9GG=J9@M� @9GG� =B� H<9� =79nG<� 7CAD5F98� HC� H<9�
BCHCH<9B==8G	�+<9�DFCH9=B�GMBH<9G=G�K5G�F9@5H98�HC�H<9�
5@=A9BH5FM�GH5H9�5G�K9@@�5G�H<9�585DH5H=CB�A97<5B=GAG�
HC�@CK�H9AD9F5HIF9G	

�.CF?=B;�K=H<�H<9�=GC@5H98�<9D5HC7MH9G�C:�H<9�<=;<�
Antarctic# notothenioids# # (Trematomus' eulepidotus,#
Trematomus# pennellii,# Trematomus# lepidorhinus,#
Trematomus# bernacchii# and# Artedidraco' orianae)#
and#the#zoarcid#Pachycara'brachycephalum��5G�K9@@�
5G� K=H<� H<9� GI6��BH5F7H=7� Lepidonotothen' larseni,#
$5F?�et'al.#(2005)#found#that#the#energy#allocated#to#
the#RNA#synthesis,#protein#synthesis,#Na,K+ATPase#
activity#and##mitochondrial#ATP#synthases,##calculated#
from#the#inhibition#effect#of#the#oxygen#consumption,#
=G�@=HH@9�=BoI9B798�6M�H<9�H9AD9F5HIF9�=B�H<9�F5B;9�C:�
0oC#to#15oC#.##Assuming#that#this#allocation#of#energy#in#
the#cell#is#maintained#in#the#thermal#range,#the#authors#
believed#that#the#thermal#limits#could#be#related#to#the#
availability# of# O2#and# also# the# energetic# limitations#
5H�H<9�<=;<9F�CF;5B=GA5@�@9J9@G	�+<9��BH5F7H=7�nG<9G�

5F9� 5� GD97=9G� K=H<� A5>CF� GH9BCH<9FA5@=HM� 5F=G=B;�
from# the# geographic# isolation# of# the# region# and# its#
GI6G9EI9BH� 7<FCB=7� 7CC@=B;� ��CDD9G� '9HF=7CF9B5� ��
*CA9FC�����	���?BCK@98;9�C:�H<9�H<9FA5@�A9H56C@=7�
plasticity#limits#and#the#degree#of#stenothermality#of#
�BH5F7H=7�nG<9G�5F9� =ADCFH5BH� :CF�IB89FGH5B8=B;� H<9�
impact#of#raising#temperatures#on#marine#ecosystems#
��F=B?K5H9F'et'al.#2010,#Pörtner#2002).#Temperature#
is#considered#as#the#principal#stress#agent#that#directly#
9::97HG�H<9�J9@C7=HM�C:�7<9A=75@�F957H=CBG��H<9�oI=8=HM�
of# biological# membranes,# and# indirectly# all# the#
D<MG=C@C;=75@�GMGH9AG���C7<57<?5���*CA9FC���7�	�
+<9FA5@�5@H9F5H=CBG�=B�H<9�5EI5H=7�9BJ=FCBA9BHG�5::97H�
H<9�GC@I6=@=HM�C:�H<9�8=GGC@J98�CLM;9B��.I�����5B8�
<9B79� H<9� F9GD=F5HCFM� GMGH9A� =B� nG<9G	�  B��BH5F7H=7�
nG<9G� Pagothenia' borchgrevinki# and# Trematomus'
bernacchii�� 5B� =B7F95G9� =B� H9AD9F5HIF9� �69HK99B� ��
e# 6o��� =G� F9o97H98� =B� 5B� =B7F95G9� =B� H<9� J9@C7=HM� C:�
oxygen# consumption# (MO2)# and# a# reduction# in# the#
CGAC@5@=HM� 5B8� D@5GA5� ;@I7CG9� �#CK9� �� �5J=GCB�
2005).#On# the#other#hand,# the#post+exercise#MO2# in#
P.' borchgrevinki� 897@=B98� K<9B� H<9� 577@=A5H=N5H=CB�
H9AD9F5HIF9�K5G� F5=G98� :FCA��oC# to# 6oC,# indicating#
that# the# availability# of# oxygen# limits# the# aerobic#
69<5J=CF�5H�9@9J5H98�H9AD9F5HIF9G��#CK9����5J=GCB�
2006,#Morrison' et' al.# 2006).#As# the# aerobic# energy#
metabolism#is# the#principal#segment# responsible# for#
the#ATP#generation#in#mitochondria#rich#tissues#and#
is# limited# by# its# utilization# in# the# electron# transfer#
7<5=B� ��C7<57<?5� �� *CA9FC� ��6��� H<9� F9@5H=CB�
69HK99B� CLM;9B� 5J5=@56=@=HM� 5B8� H<9FA5@� 7<5B;9G�
could# prevent# important# physiological# activities# in#
�BH5F7H=7�nG<9G��GI7<�5G�@C7CACH=CB	�
The# MO2# converted# into# energy# units# has# been#

used#to#calculate#the#energy#budget#and#the#allocation#
of# energy# in# the# cell.# The# energy# budget# allocated#
for# routine# metabolic# activities# in# the# Antarctic#
nG<� Pachycara' brachycephalum,# does# not# have#
5BM� G=;B=n75BH� 5@H9F5H=CBG� K<9B� 577@=A5H=N5H=CB� HC�
H9AD9F5HIF9G�69HK99B��oC#and#6o�	��CK9J9F��7<5B;9G�
in# the# metabolic# parameters# suggest# that# the# total#
energy#demand#could#be#exceeding# the# total#energy#
obtained#from#the#feeding#(Brodte'et'al.#2006a).#An#
increase#in#the#mitochondrial#respiration#in#Antarctic#
nG<9G�5F=G=B;�:FCA�5B�=B7F95G=B;�H9AD9F5HIF9��7CI@8�
be#exceeding# the#ATP#demand#or# the#availability#of#
CLM;9B� 5B8�� 7CBG9EI9BH@M� 5779@9F5H9� H<9� :CFA5H=CB�
of# reactive# oxygen# species# in# the# respiratory# chain.#
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In# this# case,# the# increase# in# concentration# of# the#
uncoupling# proteins# (UCP)# in# the# mitochondria# of#
H<9��BH5F7H=7�nG<�P.'brachycephalum,#aclimatized#to#
5oC,#has#been#considered#as#an#important#factor#in#the#
protection,# accelerating# the# elimination# of# protons#
across# the# mitochondrial# internal# membranes# and#
minimizing#the#formation#of#reactive#oxygen#species#
�$5F?'et'al.#2006).#

+<9�56=@=HM�HC�IG9�CLM;9B�5G�H<9�nB5@�CL=85BH�=B�
H<9�A9H56C@=7�DFC79GG9G�<5G�699B�5GGC7=5H98�K=H<�H<9�
tissue# level# of# enzymes# of# the# energy#metabolism.#
.CF?=B;�K=H<�nG<9G� :FCA�8=::9F9BH� <56=H5HG��+CFF9G�
��*CA9FC� �����5�� ����6�� :CIB8� 5� B5FFCK� F9@5H=CB�
69HK99B� H<9� J9@C7=HM� C:� CLM;9B� 7CBGIADH=CB� 5B8�
the# levels# of# the# enzyme# citrate# synthase# (CS)# and#
lactato# dehydrogenase# (LDH).# The# enzymatic#
activities# and# the# MO2� C:� nG<9G� K5G� 7CB8I7H98�
at# 10oC,# using# a# Q10� C:� 	��� H<9� �BH5F7H=7� nG<9G�
K=H<� 9@9J5H98� GH9BCH<9FA5@=HM� �T.' bernacchii# and#
Pagothenia'borchgrevinki�� G<CK98� @5F;9F� J5@I9G� =B�

the#CS#activity#as#part#of#the#cold#adaptation#(Torres#
��*CA9FC�����6�	�

+<9� GD97=n7� 57H=J=HM� C:� H<9� 7=HF=7� 57=8� 7M7@9�
enzymes# [isocitrate# dehydrogenase# (IDH),# malate#
dehydrogenase# (MDH)# and# citrate# synthase#
��*�3�� H<9� ;@M7C@MH=7� D5H<K5M� 2<9LC?=B5G9� ��"���
D<CGD<C:FI7HC?=B5G9� �'�"��� D=FIJ5H9� ?=B5G9� �'"��
5B8�#��3��5@CB;�K=H<�CH<9F�9B9F;M�G9;A9BHG�C:�H<9�
metabolism#[piruvate#dehydrogenase#(PDH),#creatine#
?=B5G9���"���%5�"��+'5G9��;@M7C;9B�D<CGD<CFM@5G9�
��'5G9�� 5B8� 7MHC7<FCAC� 7� CL=85G93� =B� nG<9G� <5J9�
699B�=BJ9GH=;5H98�5G�DCGG=6@9�6=CA5F?9FG�:CF�H<9FA5@�
��@HF=B;<5A��� !C<BGHCB� ������ �F5I9F' et' al.# 2005,#
�5F89K=;' et' al.# 2004,#Miller' et' al.# 2009),# osmotic#
stress# # (Morrison' et' al.� ����� %5?5BC' et' al.# 1998,#
Sangiao+Alvarellos' et' al.# 2005)# and# for# hypoxia#
(Feller' et' al.# 1991).# The# principal# interrelations#
69HK99B�H<9�9BNMA9�@9J9@G�C:�H<9�9B9F;M�A9H56C@=GA�
5B8� H<9� 9BJ=FCBA9BH5@� GHF9GG� 5;9BHG� =G� G<CKB� =B�
Figure#2.#

Figure'2.' BH9FF9@5H=CB�69HK99B�H<9�9B9F;M�A9H56C@=GA��5B8�9B9F;M�89A5B8��C:�H<9�D<MG=C@C;=75@�GMGH9AG	�+<9�;@I7CG9���@I��CL=85H=CB�=B�DMFIJ5H9��'MF��
5B8��=B�G9EI9B79�HC��&2#+#H2&�=G�CB9�C:�H<9�A5=B�D5H<K5MG�C:�9B9F;M�C6H5=BA9BH	��+<9�9BNMA9G��"��'�"��'"���'5G9��#����'�����*�� ����$���5B8�

�"�<5G�699B�IG98�5G�6=CA5F?9FG�C:�H<9�9B9F;M�A9H56C@=GA�5B8�%5
"��+'5G9�5G�6=CA5F?9F�C:�H<9�9B9F;M�89A5B8�HC�CGACFF9;I@5H=CB	
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�G�9BNMA5H=7�GD97=n7=HM�D9FA=HG�H<9�89H9FA=B5H=CB�
of# the# enzymatic# activity# in# extracts# of# tissues# and#
6=C@C;=75@�oI=8G��=B�H<9�DF9G9B79�C:�<IB8F98G�C:�CH<9F�
proteins,# most# used# are# spectrophometric# methods,#
K<=7<� =G� G=AD@9�� F5D=8�� GD97=n7� 5B8� <5G� @CK� 7CGH	�
�CK9J9F��H<9�6=C@C;=75@�F9GDCBG9G�HC�H<9�GHF9GG�5;9BHG��
5F9� H=GGI9� 5B8� CF;5B=GA� 89D9B89BH�� 5B8� F9EI=F9�
588=H=CB5@�GHI8=9G�HC�=89BH=:M�H<9�69GH�6=CA5F?9FG�:CF�
a# given# change# in# the# environment.# Some# enzymes#
5F9�<=;<@M�GD97=n7�A5F?9FG�C:�9BJ=FCBA9BH5@�7<5B;9	�
An# example# is# �+aminolevulinic# acid# dehydratase#
��#����H<5H�=G�=B<=6=H98�6M�@958	��CK9J9F��ACGH�C:�
H<9� 9BNMA5H=7� A5F?9FG� F9GDCB8� HC� 5� K=89� F5B;9� C:�
stress#agents#in#the#environment#(Lam#2009).#
Changes# in# the# composition# of# non+enzymatic#

components# related# to# energy# metabolism# in# the#
H=GGI9� 5B8� 6=C@C;=75@� oI=8G� <5J9� 5@GC� 699B� IG98�
5G� 6=CA5F?9FG� :CF� 9BJ=FCBA9BH5@� 7<5B;9	� �:H9F�
577@=A5H=N5H=CB�C:�H<9��BH5F7H=7�nG<�P.'borchgrevinki#
to#4o��:CF�����K99?G�K5G�577CAD5B=98�6M�5�F98I7H=CB�
in# the# osmolarity# and# an# increase# in# the# plasma#
glucose# from# 4.6#�# 0.7mmol# L+1# to# 5.8#�# 1.1mmol#
L+1� �#CK9����5J=GCB�����	�$9H56C@=H9�7<5B;9G� =B�
H=GGI9G� 5B8� 6=C@C;=75@� oI=8G� 5F9� C:H9B� 577CAD5B=98�
6M�7<5B;9G� =B� H<9�6@CC8�<CFACB9� @9J9@G��K<=7<� 5F9�
5@GC�IG98�5G�GHF9GG�A5F?9FG���=9GG'et'al.#2007).#

�=CA5F?9F� GHI8=9G� AIGH� 5@GC� H5?9� =BHC�
consideration#the#energy#demands#of#the#tissues.#The#
energy#demand#in#some#tissues,#increase#as#a#function#
C:� GD97=n7� D<MG=C@C;=75@� 57H=J=H=9G	� ,B@=?9� H<9�
locomotor#system,#the#cerebral#levels#of#the#enzymes#
�*�5B8�#����=B�5�J5F=9HM�C:�nG<9G��5F9�BCH�5::97H98�
6M� H<9� 9B9F;M� 89A5B8� :CF� GD97=n7� 57H=J=H=9G� BCF�
H<9�BIHF=H=CB5@� GH5H9� �"5K5@@' et' al.� ���	��CK9J9F��
577CF8=B;� HC� *C9B;5G� �� �89@;IB89� ������ H<9�
79F96F5@�A9H56C@=GA�C:� nG<9G� =G� G=A=@5F� HC� H<CG9� C:�
CH<9F� J9FH96F5H9G� 5B8� G<CKG� 5� 9@9J5H98� 89D9B89B79�
on# glucose# as# combustible# energy.# Depriving# the#
alimentation# alters# the# metabolic# routine# of# this#
H=GGI9�� K<=7<� H<9B� IG9G� H<9� ?9HCB9� 6C8=9G� 89F=J98�
from# the#hepatic#metabolism#of# lipids.#The# enzyme#
levels# of# GPase,# LDH# and# �+hydroxybutyrate#
dehydrogenase#(�+HBDH)#increase,#the#levels#of#HK,#
PFK#and#glycogen#synthase#(GSase)#are#reduced.#The#
79F96F5@�9B9F;M�A9H56C@=GA�C:�nG<9G�=G�5@GC�5::97H98�
6M�D9GH=7=89G��K<=7<�F98I79�H<9�H=GGI9�@9J9@G�C:�#����
HK# and#GSase,# and# elevate# the# levels# of# glycogen#
phosphorylase#(GPase).

&B� H<9� CH<9F� <5B8�� =B� H9@9CGH� nG<9G�� H<9�AIG7@9�
F9DF9G9BHG�5�A5>CF�D5FH��ACF9�H<5B������C:�H<9�6C8M�
mass.#The#activity#of#this#tissue#is#of#vital#importance#
in# the# escape# from# the# predators# and# prey# capture#
��9FBRB89N� �� �5@JC� ����	� +<9� 59FC6=7� 9B9F;9H=7�
AIG7I@5F� FCIH=B9� =B� H<9G9��BH5F7H=7�nG<9G� <58� 699B�
5GGC7=5H98�HC�H<9�DF9G9B79�C:�@5F;9�EI5BH=HM�C:�@=D=8G��
high# mitochondrial# density,# oxygen# consumption#
and# the# presence# of#mitochondrial# fat# droplets# (Lin'
et'al.#1974,#Kamler'et'al.#2001,#Johnston#2003).#The#
dominant# lipids# present# in# the# notothenioids# tissues#
are# triacylglycerols# composed# of# monounsaturated#
and#polyunsaturated# fatty# acids# (Hagen' et' al.# 2000,#
Kamler'et'al.#2001).#High#lipid#content#in#the#tissues#
<5G�699B�5GGC7=5H98�K=H<�H<9�A5=BH9B5B79�C:�B9IHF5@�
6ICM5B79�C:�H<9G9�nG<���@5F?9'et'al.#1984)#and#easy#
CLM;9B�8=::IG=CB�=BHC�79@@G�5G�K9@@�5G�HC�H<9�GI679@@I@5F�
7CAD5FHA9BHG� ��;;=BHCB� �� *=89@@� �����	� +<9�
triacylglycerol#composition#of#unsaturated#fatty#acids#
=G�GHF=7H@M�F9@5H98�K=H<�H<9�A9H56C@=7�DF9:9F9B79�=B�IG=B;�
these#fatty#acids#as#energetic#fuel.#The#mitochondrial#
oxidative#capacity# is#high# for#unsaturated# fatty#acid#
and# the# activity# of# the# enzyme# carnitine# palmitoyl#
HF5BG:9F5G9�=G�	��H=A9G�ACF9�K=H<�D5@A=HC@9CM@O*�C��
H<5B�K=H<�D5@A=HCM@O*�C����FC7?9HH���*=89@@������	�
+<9�9BNMA9G�:5HHM�57M@O*�C��GMBH<9H5G9���FCJ9���
*=89@@������5B8�<CFACB9�G9BG=H=J9�@=D5G9���5N9@���
Sidell#2004)#also#has#preference#to#unsaturated#fatty#
acids#and##unsaturated#triacylglycerol.#

�BH5F7H=7�nG<9G�<5J9�J5F=98�8=9H�65G98�CB�DFCH9=BG�
and#lipids,#coming#from#capture#of#diverse#Antarctic#
CF;5B=GAG�� GI7<� 5G� 9ID<5IG==8G�� G5@DG�� GA5@@� nG<9G��
6=J5@J9G�5B8�CH<9FG���5FF9F5�&FC�����	�*HI8=9G�K=H<�
�BH5F7H=7�nG<9G�C:��8A=F5@HM��5M�F9J9@98�H<5H�H<9�:5HHM�
acids#composition#of#Notothenia'coriiceps#is#typical#
of# principal#Antarctic# benthic# species# (Amphipoda,#
Himantothallus'grandifolius#and#Curdiea'racovitzae)#
that# serve# as# food# to# this# nothothenioid# (Kamler' et'
al.#2001).#The#levels#of#vitamin#C#and#E#in#the#blood#
C:� H<9� �BH5F7H=7� nG<9G� Pagothenia' borchgrevinki#
and#T.' bernacchii' 5F9� nJ9� HC� G=L� H=A9G� H<CG9� :CIB8�
=B� H<9�6@CC8�C:� H<9� H9AD9F5H9�K5H9F�GD97=9G���=9G9;'
et' al.# 2000),# and# could# # be# related# to# the# important#
physiological# role#of# the#natural# antioxidants#of# the#
monounsaturated#and#polyunsaturated#fatty#acids

+<9� ;=@@G� C:� �BH5F7H=7� nG<9G�� =B� 7CBHF5GH� HC� H<9�
AIG7@9G�� <5J9� 5� @CK� CL=85H=J9� 75D57=HM� :CF� :5HHM�
acids#and#use#a#variety#of#circulating#energetic#fuels,#
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especially#glucose#and#the#amino#acid#glutamate,# to#
A99H�H<9=F�9B9F;M�F9EI=F9A9BHG���FC7?9HH'et'al.#1999).#
In#this#case,#the#oxidative#deamination#of#the#glutamate,#
catalyzed# by# the# mitochondrial# enzyme# glutamate#
dehydrogenase,#introduces#its#carbon#chain#in#to#the#
citrate#cycle#and#provides#the#aminic#nitrogen#in#the#
form#of#ammonia#for#excretion.#Amino#acids#such#as#
aspartate#and#alanine,#could#have#their#aminic#nitrogen#
channelized# to# ��?9HC;@IH5F5H9�� J=5� HF5BG5A=B5H=CB��
originating#glutamate.#This#process#permits# that# the#
nitrogen#of#these#amino#acids#can#be#excreted#in#the#
form#of#ammonia#through#the#oxidative#deamination#
of#glutamate.#As#urea#cycle#is#physiologically#inactive#
=B�ACGH�C:�H<9�nG<��H<9�IG9�C:�;@IH5A5H9�5G�5AACB=5�
acceptor# in# the# reaction# catalyzed# by# glutamine#
GMBH<9H5G9� @958G� HC� H<9� ;@IH5A=B9� :CFA5H=CB��K<=7<�
:IB7H=CB�5G�k5AACB=5�B=HFC;9B�6I::9Fl���C7<57<?5���
Somero#2002a).#Before#the#central#role#of#glutamate#
=B�H<9�nG<�A9H56C@=GA��GCA9�GHI8=9G�K=H<�H<9�9BNMA9�
;@IH5A5H9�89<M8FC;9B5G9�C:�nG<�F9J9@98�=HG�DCH9BH=5@�
5G�6=C7<9A=75@�6=CA5F?9F�=B�F9@5H=CB�HC�H<9�DF9G9B79�
of#pesticides#and#heavy#metals#(Mary#Chandravathy#
��)988M��������9;IA�����	

&H<9F�?9M�5A=BC�57=8�C:�9B9F;9H=7�A9H56C@=GA�=G�
H<9� #�5F;=B=B9	�  B� nG<9G� H<=G� 5A=BC� 57=8� G<CI@8� 69�
DF9G9BH�=B�8=9H�5B8�F9DF9G9BHG�56CIH����C:�H<9�AIG7@9�
amino# acids# (Ball' et' al.# 2007).# Of# the# various# end#
products#of#the#L+arginine#metabolism,#the#transfer#of#
it#amid#group#to#the#amino#acid#glycine#initiates#the#
formation#of#creatine,#an# important#“energy#buffer’’#
=B�nG<9G��A5F?98�6M�H<9�F9J9FG=6@9�HF5BG:9F�C:�H<9�<=;<�
energy#phosphate#of#ATP#to#creatine,#catalyzed#by#the#
9BNMA9�7F95H=B9�?=B5G9	�+<=G�<=;<�9B9F;M�D<CGD<5H9�
F9G9FJC=F�A99HG�H<9�9B9F;9H=7�F9EI=F9A9BHG�C:�H<9�nG<�
muscles# for# about# 30# seconds,# independent# of# the#
CLM;9B�5J5=@56=@=HM���=66����=7?GCB����	�*HI8=9G�
of#the#effect#of#fungicides#(Li'et'al.),##genotoxic#and#
7MHCHCL=7�DC@@IH5BHG���%5D=9FG?5'et'al.#2009)#and#heavy#
metals#(Almeida'et'al.�����CB�H<9�nG<�A9H56C@=GA�
=B8=75H9�H<5H�H<9�9BNMA9�7F95H=B9�?=B5G9�=G�5�DCH9BH=5@�
6=CA5F?9F�C:�9BJ=FCBA9BH5@�DC@@IH=CB	
On# the#other#hand,# the#hydrolysis# of#L+arginine,#

catalyzed#by#the#enzyme#arginase,#introduces#the#non#
protein# amino# acid# L+ornithine# in# the# intermediate#
metabolism#and#permits#the#synthesis#of#polyamines,#
DFC@=B9� 5B8� ;@IH5A5H9� �!9B?=BGCB' et' al.# 1996).# In#
addition# to# participating# in# the# intercellular# transfer#
C:� 5A=BC� ;FCIDG�� 9GH56@=G<=B;� H<9� 9EI=@=6F=IA� 5B8�

7CADCG=H=CB�C:� H<9�79@@I@5F�5A=BC�57=8G��5@CB;�K=H<�
the# synthesis# of# glutamine# in# the# ammonia# buffer#
��C7<57<?5� �� *CA9FC� ��5��� ;@IH5A5H9� =B� H<9�
blood# is# a# potential# energy# substrate# in# the# gills# of#
�BH5F7H=7�nG<9G���FC7?9HH'et'al.#1999).

LDARGININE'METABOLISM

�CF� nG<9G�� 8=9H5FM� 5A=BC� 57=8� #�5F;=B=B9� =G�
9GG9BH=5@�:CF�J5F=CIG�A9H56C@=7�57H=J=H=9G�5ACB;�K<=7<�
;FCKH<�� =AAIB=HM� =ADFCJ9�� @5FJ5@� A9H5ACFD<CG=G��
reproduction,#resistance#to#stress#factors#and#infections#
(Li' et' al.# 2009).# The# principal# tissue# demands# of#
L+arginine# are# for# protein# synthesis,# nitric# oxide#
synthesis# (NO),# phosphocreatine# and# L+ornithine#
��=F8�������.I���$CFF=G������	�

+<9� F97C;B=H=CB� C:� :CC8� 5B8� DF985HCFG� 6M� nG<��
5G� K9@@� 5G� H<9=F� 89:9BG9� F9GDCBG9� 5B8� D<9FCACB5@�
communications# are# activated# by# detection# of#
odors# (Hashiguchi# et# al.# 2008).#The#capacity#of# the#
olfactory#system#to#discriminate#odorant#amino#acids#
=B7@I8=B;�#�5F;=B=B9��#=DG7<=HN���$=7<9@�������75B�
69�F9@5H98�K=H<�H<9�G9@97H=CB�C:�:CC8�F=7<�=B�9GG9BH=5@�
5A=BC�57=8G	�.=H<�:9K�9L79DH=CBG��H<9�F9EI=F9A9BH�C:�
nG<9G�:CF�#�5F;=B=B9�=G��	�HC��	�;
���;�C:�:CC8���5@@'
et'al.#2007).#In#the#young#turbot#(Psetta'maxima)#the#
#�5F;=B=B9�8IF=B;�H<9�;FCKH<�D<5G9�=G�IG98�DF=B7=D5@@M�
for#protein#synthesis#(Fournier'et'al.#2002,#Fournier'et'
al.#2003,#Gouillou+Coustans'et'al.#2002).#Considering#
H<5H� IF95� 7M7@9� =G� BCB�CD9F5H=B;� =B� H<9G9�nG<9G�� H<9�
EI5BH=HM�C:�IF95�9L7F9H98�=G�F9@5H98�K=H<�8=9H5FM�@9J9@G�
of# L+arginine# and,# the# hydrolysis# of# L+arginine# has#
699B� 5779DH98� 5G� H<9� DF=B7=D5@� IF9C;9B=7� D5H<K5M�
=B� HIF6CH	� +<9� GHFCB;� F9@5H=CB� 69HK99B� H<9� 8=9H5FM�
levels# of# L+arginine# and# the# arginase# expression# in#
the# liver# indicate# that# this# is# the# principal# enzyme#
responsible#for#ureogenic#activity# in# turbot.#Though#
this#may#not#be#the#metabolic#behavior#common#to#all#
nG<9G��)5MACB8����9-F=9G���������<5J9�F9;=GH9F98�5�
DCGG=6@9�F9@5H=CB�69HK99B�H<9�8=9H�F=7<�#�5F;=B=B9�5B8�
H<9�IF9C;9B=7�57H=J=HM�C:��BH5F7H=7�nG<9G	�

+<9�7CBHFC@�C:�#�5F;=B=B9�=B�6=C@C;=75@�oI=8G�<5G�
699B� F9@5H98� K=H<� H<9� H=GGI9� 5F;=B=BC@MH=7� 57H=J=H=9G�
and# arginase# subcellular# localization.# In# ureotelic#
animals,#the#hepatic#arginase#levels#have#been#related#
HC� H<9� IF95� 7M7@9� 57H=J=HM� 5B8� H<9� 89HCL=n75H=CB� C:�
5AACB=5� �!9B?=BGCB' et' al.# 1996).# Considering# that#
hepatic# tissues# and# the# renal# function# as# metabolic#
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n@H9FG� :CF� H<9� 9BHFM� 5B8�9L=H� C:�J5F=CIG� 7CADCIB8G��
respectively,# the# presence# of# elevated# levels# of#
arginase# in# the#distal# renal#segment#and# the# liver#of#

�BH5F7H=7�nG<�Notothenia' neglecta# (Figure# 3)# could#
be# related# to# the# systemic# control# of# L+arginine#
(Rodrigues'et'al.#2006).

Figure'3.#L+arginine#metabolism.#Virtually#in#all#tissues#Arginase#and#nitric#oxide#sinthetase#(NOS)#compete#for#the#amino#acid#L+arginine.#The#nitric#
oxide#(|�NO)#synthesized#from#L+arginine#has#many#physiological#effects.#Non+protein#amino#acid#L+ornithine#is#essential#to#polyamine#and#proline.#

�BH5F7H=7�nG<�Notothenia'coriiceps'neglecta�<5G�<=;<�@9J9@G�C:�H<9�5F;=B5G9�=B�H<9�?=8B9M�5B8�@=J9F��85H5�:FCA��)C8F=;I9G'et'al.#2006).

The# hydrolysis# of# L+arginine# also# provides# the#
non+protein# amino# acid# L+ornithine# for#metabolism#
of# the#polyamines#and#proline.#The#decarboxylation#
of#ornithine# to#putrescine,# catalyzed#by# the#enzyme#
CFB=H<=B9�8975F6CLM@5G9��&����K<=7<�=G�7CBG=89F98�
as# the# limiting# step# in# the# synthesis# of# polyamines.#
Found# in# all# vertebrate# cells,# the# polyamines#
participate# in# control# of# cell# division# and#modulate#
H<9�;9B9G�57H=J=HM�=BJC@J98�=B�79@@�;FCKH<��$C=B5F8'et'
al.�������<9B79�H<9�;FCKH<�5B8�H=GGI9�F9;9B9F5H=CB�=B�
nG<9G�<5G�699B�5GGC7=5H98�K=H<�H<9�GMBH<9G=G�C:�H<9G9�
compounds#(Koza'et'al.#1992,#Berge'et'al.#2002).#The#
9@9J5H=CB� C:� 79F96F5@� DC@M5A=B9� @9J9@G� =B� ;C@8nG<�
Carassius' auratus,# during# it# acclimatization# to# 5oC#
for# 2#months,# indicated# that# these# polyamines# have#
possible# protection# effect# in# the# cold# adaptation# of#
;C@8nG<	�.=H<=B�H<9�C6G9FJ98�6=C7<9A=75@�F9GDCBG9G��
the# increase# in# the# levels# of# ODC# and# L+ornithine#
8IF=B;�H<9�nFGH����85MG�C:�577@=A5H=N5H=CB�<5G�8F5KB�

attention# (Notari' et' al.# 2004).# Proline# synthesis# is#
BCH�M9H�HCH5@@M�IB89FGHCC8��<CK9J9F�H<9�GMBH<9G=G�C:�
proline# is# capable# to# sustain# the# collagen# synthesis#
���� DFC@=B9� �� <=8FCLMDFC@=B9�� :CF� nG<� ;FCKH<��
considering# that# proline# is# not# essential# amino# acid#
(Li'et'al.#2009).
After#Ignarro#et'al.#(1987)#and#Palmer#et'al.#(1987)#

=B89D9B89BH@M�7CBnFA98�H<9�7<9A=75@�B5HIF9�C:��H<9��
“endothelium+derived# relaxing# factor”,# originally#
89G7F=698�6M��IF7<;CHH���15K58N?=��������K5G�H<9�
nitric#oxide#(_NO),# later#Palmer#et'al.# (Palmer'et'al.#
1988)# demonstrated# that# L+arginine# is# the# substrate#
used# in# the# _%&� GMBH<9G=G	� +<9� ?BCK@98;9� 56CIH�
the# synthesis# and# the# _NO# physiological# effects#
K9F9� 5AD@=n98� =B� H<9� @5GH� �� M95FG	�+<9�#�5F;=B=B9�
oxidation# reaction# forming# L+citrulline# and# _NO# is#
catalyzed#by#enzyme#nitric#oxide#synthases#(NOS)#in#
almost#all#tissues#(Jobgen'et'al.������$CF=����CHC<�
����	�+<F99� =GC:CFAG�C:�%&*�<5J9�699B� =89BH=n98�



ANTARCTIC#FISH#METABOLIC#RESPONSES#AS#POTENTIAL#BIOMARKERS#OF#ENVIRONMENTAL#IMPACT

Oecol.'Aust.,#15(1):#124+149,#2011

133

and# denominated# as# neuronal# (nNOS# or# NOS1),#
inducing# (iNOS# or# NOS2)# and# endothelial# (eNOS#
or#NOS3).#The#control#of#_NO#synthesis#is#regulated#
at# transcriptional,# post# transcriptional# (mRNA#
stabilization),# post+translational# (phosphorylation,#
glycosylation)#and#at#level#of#substrates#and#cofactors#
(L+arginine)#(Balligand'et'al.#2009).#_%&�<5G�5�K=89�
H=GGI9� GD97=n7� 9::97H� CB� D<MG=C@C;=75@� GMGH9AG	�  B�
addition#to#its#effects#on#the#vascular#endothelium#and#
the# cardiac#muscle,# _NO#also# affect# the#metabolism#
of#carbohydrates,# lipids,#proteins#and# the# interorgan#
metabolism# of# the# energy# substrates# (Jobgen' et' al.#
2006).#As# both# arginase# and# NOS# compete# for# the#
L+arginine#substrate,#the#tissue#argininolytic#activity#
has#been#postulated#as#an#important#modulator#of#NOS#
57H=J=HM� =B� H<9� 9B8CH<9@=5@� =Bo5AA5HCFM� DFC79GG9G�
(Bachetti' et' al.� ������ 5G� K9@@� 5G� H<9� AMC75F8=5@�
contraction#mediated#by#_NO#(Jung'et'al.#2006).#
Nitric# oxide# is# one# of# the# oldest# molecular#

signal# in# animal# tissues# for# inter# and# intracellular#
communication.# # Even# though# most# of# the#
physiological# and# pathological# studies# of# the#
NOS/_%&�GMGH9A�K9F9�=B�A5AA5@G��GHI8=9G�=B�nG<9G�
F9J95@� GCA9� D5FH=7I@5FG� H<5H� A5?9� H<9G9� CF;5B=GAG�
interesting#biological#models#of#the#diversity#of#_NO#
57H=CB�5H�H<9�AC@97I@5F�@9J9@���;B=GC@5���'9@@9;F=BC�
����	�  B�;C@8nG<��.5B;���$5B;9@� ������� G<CK98�
that#endogenous# _NO#modulates# the#horizontal#cone#
cells#in#the#retina#and#regulates#the#circadian#rhythm.#
The# iNOS#expression# in# the# liver#macrophages# and#
H<9� <9H9FCD<M@=7� ;F5BI@C7MH9G� =B� H<9� ?=8B9MG� C:� H<9�
F5=B6CK� HFCIH� <5G� 699B� =BH9FDF9H98� 5G� 5� 89:9BG9�
A97<5B=GA�C:� H<=G�nG<���5FFCGC'et'al.#2000)#and#as#
in# mammals,# NOS# activity# modulates# the# cardiac#
:IB7H=CB� =B� H<9� nG<�Anguilla' anguilla# (Imbrogno' et'
al.#2001).#
The# central# role# of# _NO# as# a# signal# in# various#

physiological# activities# is# modulated# by# _NO#
dioxygenation# of# hemoglobin,# myoglobin# and#
o5JC<9AC;@C6=BG���=;IF9�����K<=7<�DFCH97H�5;5=BGH�H<9�
toxic#effect#of#nitrogen#(Gardner#2005).#The#absence#
C:� <9AC;@C6=B� =B� H<9� nG<� :5A=@M� �<5BB=7<H<M=859�
and# of#myoglobin# in# some# species# of# the# family# is#
IB=EI9� 5ACB;� J9FH96F5H9G� �"C7?� ����� *=89@@� ��
O'Brien# 2006).# # Investigating# the# _NO# metabolism#
=B� HF5BG;9B=7� F5HG� K=H<CIH� AMC;@C6=B� 5B8� K=H<� H<9�
CJ9F�9LDF9GG=CB�C:�=%&*�=B�H<9�<95FH���\897?9�et'al.#

(2003),#found#that#this#condition#leads#to#hypertrophy#
and#the#excess#of##_%&�HC�75F8=57�:5=@IF9	��CK9J9F��H<=G�
loss#of#myoglobin#expression# in# the#cardiac#muscle#
is#not#an#obstacle#for#the#adaptation#of#some#species#
C:�nG<� C:� H<9��<5BB=7<H<M=859� :5A=@M	�+<9� 56G9B79�
of# respiratory# pigments# in# the# blood# and# tissues# of#
=79nG<� F98I79G� H<9� DFCH97H=CB� 5;5=BGH� GHF9GG� :FCA�
nitrosatives#compounds#as#compared#to#red#blooded#
�BH5F7H=7� nG<	� �CAD5F=B;� nG<9G� =B� H<9� GI6CF89F�
Notothenioidei,#Morlá#et'al.� ������G<CK98�H<5H� H<9�
9LDF9GG=CB�C:�9%&*�5B8�B%&*�=B�H<9�G?9@9H5@�AIG7@9�
=G�ACF9�=B�K<=H9�6@CC898�nG<�H<5B�=B�F98�6@CC898�nG<��
F9o97H=B;�5�;F95H9F�DCH9BH=5@�HC�;9B9F5H9�_NO.#

,B89FGH5B8=B;�<CK�nG<9G�C:�H<9��<5BB=7<H<M859�
family,# transport,# supply# and# utilize# O2� 5G� 5� nB5@�
CL=8=N=B;�5;9BH�=B�H<9�F9GD=F5HCFM�DFC79GG9G��K=H<CIH�
the# traditional# respiratory# pigments,# has# been# an#
=ADCFH5BH� EI9GH=CB� ��57=@5' et' al.# 1989,# Di# Prisco#
����	��CAD5F98�HC�H<9�F98�6@CC898��BH5F7H=7�nG<9G��
=79nG<9G� <5J9� 5� ACF9� 89BG9� A=7FCJ5G7I@5HIF9� 5B8�
75D=@@5F=9G�K=H<�K=89F� @IA=B5@�8=5A9H9F���=H7<'et'al.#
�������5GHA5B���#5BBCC�������9@9J5H98�BIA69F�5B8�
A=HC7<CB8F=5@�89BG=HM��*=89@@�������&m�F=9B���*=89@@�
������5B8�9@9J5H98�75F8=57�896=H��*=89@@���&m�F=9B�
2006).##As#_NO#has#a#remodeling#effect#on#the#capillary#
B9HKCF?�;FCKH<���CBK5M'et'al.#2001),#and#acts#as#an#
activation#messenger#in#the#mitochondrial#biogenesis#
process#(Nisoli'et'al.#2004),#it#should#be#expected#that#
%&L��B=HF5H9���B=HF=H9��=B�H<9�6@CC8�C:�=79nG<�G<CI@8�
69�<=;<9F�H<5B�H<CG9�=B�H<9�F98�6@CC898��BH5F7H=7�nG<	�
�CK9J9F���99FG'et'al.#(2010)#found#that#the#levels#of#
%&L��K<=7<�=B8=75H9�H<9�@9J9@G�C:�_NO,#in#the#blood#
5G�K9@@�5G�=B�H=GGI9G�C:�=79nG<9G�K9F9�AI7<�@9GG�H<5B�
H<CG9�:CIB8�=B�F98�6@CC898�nG<9G	� H�=G�DCGG=6@9�H<5H�
%&*�=G�69=B;�8CKB�F9;I@5H98�=B�H=GGI9G��K<=7<�7CI@8�
69�F9GDCBG=6@9�:CF�H<9�@CK�9LDF9GG=CB	�+<9�F95@� _NO#
H=GGI9� 7CB79BHF5H=CBG�� H<5H� 89nB9G� H<9� D<MG=C@C;=75@�
9::97HG�� 89D9B8=B;� CB� H<9� 9EI=@=6F=IA� 69HK99B� H<9�
synthesis#and#degradation#of#nitric#oxide,#hence# the#
56G9B79�C:� H<9� F9GD=F5HCFM�D=;A9BHG� =B� H<9� =79nG<9G�
reduces# the# degradation#of# _NO#as# compared# to# the#
F98�6@CC898�nG<9G	�

��9B79��5�BIA69F�C:�CD9B�EI9GH=CBG�F9A5=B�HC�69�
solved#regarding#the#metabolism#of#_NO#in#Antarctic#
nG<9G	�&B9�C:�H<9A�=G�H<9�7CBHFC@�C:�H<9�%&*�9BNMA9�
activity# by# arginase.# Various# studies# in# mammals,#
particularly# humans,# indicate# that# the# control# of#
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L+arginine#levels#by#arginase#is#an#important#control#
point#of#NOS#(Palm'et'al.#2008,#Jung'et'al.#2010).

ANTIOXIDANT'DEFENSE

'C@5F� K5H9FG� <5J9� <=;<� CLM;9B� 7CB79BHF5H=CB�
(0.18+0.36mmol/L)#due#to#increased#oxygen#solubility#
5H�@CK9F�H9AD9F5HIF9G���5F8M����IBH<9F������	�*=B79�
the# formation# of# reactive# oxygen# species# (ROS)#
IGI5@@M�=B7F95G9G�=B�6=C@C;=75@�GMGH9AG�K=H<�=B7F95G98�
oxygen# concentration,# formation# of# free# radicals#
could#be#easier#in#polar#marine#organisms#(Ansaldo'et'
al.�����	��CK9J9F��@=HH@9�=G�?BCKB�56CIH�5BH=CL=85BH�
89:9BG9� GMGH9A� =B� DC@5F� nG<9G� 2F9J=9K98� 6M��69@9�
�� 'IBH5FI@C� �����3	��BH=CL=85BHG� DF9J9BH� 79@@I@5F�
damage#caused#by#metabolically#and#environmentally#
produced# ROS# such# as# hydrogen# peroxide# (H2O2),#
superoxide#anion#radical#(_O2

�)#and#hydroxyl#radical#
��5@@=K9@@����IHH9F=8;9� �����	��BH=CL=85BH� =B7@I89�
9BNMA9G�GI7<�5G�GID9FCL=89�8=GAIH5G9��*&����K<=7<�
catalyzes#the#dismutation#of##_O2

��HC�K5H9F�5B8�CLM;9B��
75H5@5G9��K<=7<� F98I79G��2O2� HC�K5H9F� 5B8� CLM;9B��
5B8�;@IH5H<=CB9�F98I7H5G9��K<=7<�F9;9B9F5H9G�F98I798�
glutathione#used#as#a#direct#scavenger#of#ROS#or#as#
a# substrate# for# the# antioxidant# enzyme# glutathione#
peroxidase.# Vitamins# E# and# C# are# non+enzymatic#
5BH=CL=85BHG� ��5@@=K9@@� �� �IHH9F=8;9� �����	� +<9�
formation# of# ROS# and# the# antioxidant# defense# are#
summarized#in#the#Figure#4.
Comparing#SOD#and#catalase#activity#in#the#tissue#

of#Nototheniidae#(red+blooded)#and#Channichthyidae#
�K<=H9�6@CC898�� �nG<9G�:5A=@=9G��.=H5G'et'al.# (1984)#
and#Cassini' et'al.# (1993)# found#differences# in#SOD#
57H=J=H=9G� 69HK99B� H<9G9� nG<� ;FCIDG	��BG5@8C� et' al.#
(2000)#investigated#the#activity#of#SOD,#catalase#and#
glutathione#peroxidase#in#the#liver,#gills,#muscle#and#
<95FH�5B8�:CIB8�H<5H���<5BB=7<H<M=859�nG<�C:H9B�<5J9�
@CK�75H5@5G9�57H=J=HM� =B� H<9G9� H=GGI9G�5B8�<=;<�*&��
activity#in#gills#compared#to#Nototheniidae.#The#latter#
have# high# levels# of# SOD# in# blood# and# glutathione#
D9FCL=85G9� =B� H<9� ;=@@G� 7CAD5F98� HC� K<=H9�6@CC898�
nG<	� +<9� 9FMH<FC7MH9G� IGI5@@M� 7CBH5=B� 5� G=;B=n75BH�
*&��:F57H=CB	��CK9J9F��=H�=G�=ADCFH5BH�HC�9AD<5G=N9�
H<5H� K<=H9�6@CC898� nG<� <5J9� J9FM� :9K� 9FMH<FC7MH9G�
K=H<CIH� <9AC;@C6=B� 5B8� 7CBG9EI9BH@M� @CK� *&��
levels# in# the# blood.# The# same# authors# found# that#
vitamin#E#content#is#exceptionally#high#in#the#liver#of#
Notothenia'rossii# in# relation# to#same# tissue#of#other#

�BH5F7H=7�nG<9G�=BJ9GH=;5H98�5B8�=H�=G�7@95F@M�<=;<�=B�
the# heart# and#muscles# of#Cannichthyidae# compared#
to# Nototheniidae.# # Investigating# antioxidant# and#
cytochrome#c#oxidase#enzymes#in#the#liver#of#Arctic#
5B8�H9AD9F5H9�H9@9CGHG��*D99FG�)C9G7<����5@@5BHMB9�
������� :CIB8� H<5H� 7C@8�585DH98� nG<� <5J9� F98I798�
5BH=CL=85BH� 9BNMA9� K<9B� 7CAD5F98� HC� H9AD9F5H9�
GD97=9G��5@H<CI;<�7MHC7<FCA9�7�CL=85G9�57H=J=HM�K5G�
<=;<9F� =B�DC@5F� H<5B� H9AD9F5H9�NCB9�nG<	��B5@MN=B;�
the# data# of#Ansaldo# et' al.� ������� � �I>=G5K5' et' al.##
(2010)# concluded# that# great# aerobic# demand# is# not#
8=F97H@M�7CAD9BG5H98�K=H<�<=;<9F�5BH=CL=85BH�9BNMA9�
activity.#Thus,#cold+adapted#teleosts#may#have#greater#
dependence#on#other# antioxidant#molecules# such# as#
vitamin#E#for#defense#against#ROS#damage.#
Several# processes# such# as# transportation# across#

the# membrane,# molecular# signaling# and# electron#
transport# chains# of# mitochondria# are# reliant# on# the#
physicochemical# structure# of# cellular# membranes.#
Ectothermic# organisms# regulate# their# membrane#
properties# in# response# to# temperature# by# altering#
the# lipid# composition# of# their# membranes.# Cold#
585DH5H=CB� 5B8� @CK� H9AD9F5HIF9� 577@=A5H=CB� 5F9�
57<=9J98� 6M� =B7F95G=B;� 7CBH9BH� C:� @CK� AC@97I@5F�
K9=;<H�� IBG5HIF5H98� 5B8� 6F5B7<98�7<5=B� :5HHM� 57=8G�
=B�H<9=F�79@@�A9A6F5B9G	��CK9J9F��H<=G�AC8=n75H=CB�
renders# cold+adapted# ectotherms# more# vulnerable#
to# oxidative# damage# since# membrane# unsaturated#
lipids,# particularly# poly+unsaturated# fatty# acids,# are#
a#primary#target#for#ROS#in#the#initiation#of#radical+
7<5=B�@=D=8�D9FCL=85H=CB���I>=G5K5'et'al.#2010).#Lipid#
hydroperoxides#are#unstable#and#their#decomposition#
products,# such# as# malondialdehyde,# can# damage#
cellular#components,#including#DNA#(Marnett#1999,#
�I>=G5K5' et' al.� ����	� �� GD97=n7� 7CBGH=HI9BH� C:�
vitamin# E# designated# “marine+derived# tocopherol”#
(MDT)#occurs#exclusively#in#marine#organisms,#being#
D5FH=7I@5F@M� 56IB85BH� =B� 7C@8�K5H9F� nG<�� K5G� 5@GC�
:CIB8� =B��BH5F7H=7� nG<� ��IB@5D' et' al.# 2002).#These#
5IH<CFG� =BJ9GH=;5H98� HKC� �<5BB=7<H<M=859� GD97=9G�
and# Gobionotothen' gibberifrons# (Nototheniidae).#
+<9M�:CIB8�H<5H��<5BB=7<H<M=859�GD97=9G�<58�5�@CK9F�
total#amount#of#vitamin#E#in#tissues#such#as#liver#and#
spleen#than#G.'gibberifrons,#but#a#higher#percentage#of#
MDT#in#these#and#other#tissues#(gonads,#the#pectoral#
and# myotomal# muscles)# than# the# Nototheniidae#
GD97=9	�$CF9CJ9F��H<=G�%CHCH<9B==859�G<CK98�5�<=;<�
amount# of#�+tocopherol# in# the# liver# (Dunlap' et' al.#
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2002).#Comparing#antioxidant#properties#of#MDT#in#
relation#to#��HC7CD<9FC@�=B�nG<�C=@�5H��oC#revealed#that#
$�+�<5G�;F95H9GH�F957H=J=HM�HC�D9FCLM@�F58=75@G�K<9B�
A95GIF98�5H� @CK�F5H9G�C:� F58=75@�oIL��05A5ACHC'et'
al.� ����	� $�+� =G� @=?9@M� HC� <5J9� ;F95H9F� 8=::IG=CB�
than# �+tocopherol# in# cold# viscous# lipids# providing#
evidence#that#it#reduces#lipid#peroxidation#in#marine#
97HCH<9FAG� =B<56=H=B;� 5� 7C@8�K5H9F� 9BJ=FCBA9BH�
�05A5ACHC'et'al.#2001,#Dunlap'et'al.#2002).##
Nitric# oxide# and# superoxide# anion# form#

peroxynitrite,# a# strong# biological# oxidant# and#
nitrating# compound# that# triggers# cytotoxic# effects#
such# as# lipid# peroxidation,# protein# nitration# and#
oxidation,# DNA# oxidative# damage,# activation# of#
matrix#metalloproteinases,#and#inactivation#of#several#
enzymes# (Liaudet' et' al.� ����	�+C�?99D�5DDFCDF=5H9��
�NO#level#in#the#cell,#heme#protein#_NO#dioxygenases#
(NODs)#catalyze#the#reaction#of#O2#and#

�NO#to#yield#the#
biologically#benign#nitrate#anion#(NO3

z).#Hemoglobin#
and#myoglobin# exhibit#NOD# activity# and# they# also#
have# antioxidant# role# in# mammals# (Schopfer' et' al.#
����	��CK9J9F��F98�6@CC898��BH5F7H=7�BCHCH<9B=C=8G�
<5J9� :9K9F� 9FMH<FC7MH9G� 5B8� F98I798� <9AC;@C6=B�
concentration# than# temperate# and# tropical# species.#
$CF9CJ9F�� ���  79nG<� GD97=9G� C:� �<5BB=7<H<M=859�
@57?98�<9AC;@C6=B��)IGGC'et'al.#2010).#Myoglobin#is#
5@GC�@57?=B;�=B�G?9@9H5@�@C7CACHCFM�AIG7@9�=B�ACGH�C:�
notothenioid#and#in#cardiac#muscles#in#some#species#
of#the#group#(Sidell'et'al.#1997).#In#anemia#induced#
Notothenia' coriiceps# (red+blooded# notothenioid),#
G=;B=n75BH@M� <=;<9F� 7CB79BHF5H=CB� C:� B=HF=7� CL=89�
A9H56C@=H9G� =B� H<9=F� D@5GA5�K5G� 8I9� HC� 897F95G9� C:�
�NO#degradation#(Borley'et'al.#2010).#In#this#case,�NO#
mediated#induction#of#genes#related#to#angiogenesis#
HC�7CAD9BG5H9�@CK9F�CLM;9B�75FFM=B;�75D57=HM�=B�H<9�
6@CC8�C:�5B9A=7�nG<9G���CF@9M'et'al.�����	��CK9J9F��
excessive#production#of#_NO#in#the#absence#of#NOD#
activity# provided# by# hemoglobin# and# myoglobin#
could# be# deleterious# due# to# potential# formation# of#
peroxynitrite.# Recently,# gene# for# neuroglobin,# a#
ACBCA9F=7� <9A9�7CBH5=B=B;� ;@C6=B�� K<=7<� =G� 56@9�
to# bind# oxygen# and# _NO# (Brunori' et' al.� �����K5G�
found# in# the# brain# of# red+blooded# notothenioids#
5B8� ACGH� GD97=9G� C:� =79nG<9G� ��<9B;' et' al.# 2009).#
Although# the#physiological# function#of# neuroglobin#
=G�GH=@@�IB?BCKB��)&*�G75J9B;=B;�FC@9�=B�5B�9LHF9A9�
oxygen+rich#environment#is#an#attractive#hypothesis.#

+<9� ACGH� GHI8=98� CL=85H=J9� GHF9GG� 6=CA5F?9FG�
are# glutathione+S+transferase# (GST),# catalase,# SOD#
and# glutathione# peroxidase# activities.# Additionally,#
�%�� GHF5B8� 6F95?G� 75IG98� 6M� H<9� ;9B9F5H=CB� C:�
toxic#metabolites# or# excessive#ROS#production# can#
69� 89H97H98�K=H<� H<9� 7CA9H� 5GG5M� j� 5� 6=CA5F?9F� C:�
genotoxicity# (Nahrgang' et' al.# 2010).# Indices# of#
CL=85H=J9� GHF9GG� <5J9� 699B� =BJ9GH=;5H98� =B� nG<9G�
and# include# determinations# of:# a)# lipid# peroxides#
and# end# products# of# lipid# peroxidation,# such# as#
A5@CB8=5@89<M89�� 5G� 5�A5F?9F� C:� CL=85H=J9� 85A5;9�
in#the#lipid#fractioni#b)#protein#carbonyls#as#indicator#
of# oxidative# damage# to# proteinsi# and# c)# total# thiols#
content,#because#free#thiols#groups#are#considered#part#
C:�79@@�DFCH97H=CB�5;5=BGH�)&*�5B8�F9@5H98�K=H<�A5BM�
F98CL�G9BG=H=J9�DFC79GG9G��#IG<7<5?����5;BMI?CJ5�
����	�+<9�;@IH5H<=CB9�=G�5�@CK�AC@97I@5F�K9=;<H�H<=C@��
K<=7<�GH5HIG�F9DF9G9BHG�H<9�ACGH�=ADCFH5BH�=B8=75HCF�
and# determinant# of# the# cellular# redox# environment#
�*7<5:9F� �� �I9HHB9F� ����	� %9J9FH<9@9GG�� =B8=79G�
C:�CL=85H=J9�GHF9GG�=B��BH5F7H=7�nG<9G�<5J9�699B�:9K�
reported.#Heise#et'al.#(2007)#determined#thiobarbituric#
F957H=J9� GI6GH5B79G� �+��)*�� 5G� 5� A5F?9F� C:� @=D=8�
peroxidation,# and# also# protein# carbonyls,# reduced#
and# oxidized# glutathione,# iron# content# (catalyst#
for# Fenton# reactions# that# enhances# formation# of#
hydroxyl#radicals#and#leads#lipid#radical#formation),#
lipid# radicals,# �+tocopherol,# antioxidant# enzymes#
(SOD# and# glutathione# peroxidase)# and# tert+butyl#
hydroperoxide+iniciated# chemiluminescence# rate#
�=B8=75H9G� =A65@5B79� 69HK99B� DFC� 5B8� 5BH=CL=85BH�
processes# resulting# from# depletion# of# antioxidant#
7CADCIB8G� @=?9�;@IH5H<=CB9�� J=H5A=B��� 5B8�J=H5A=B�
C# in# Pachycara' brachycephalum.# This# species#
is# a# endemic# Antarctic# eelpout# species# and# non+
notothenioid# teleost# (Brodte' et' al.# 2006b).#Heise# et'
al.#(2007)#comparing'P.'brachycephalum'acclimated#
at# 0oC# # and# 5o�� :CF� ��K99?G�� J9F=n98� H<5H� CB@M�
+��)*�@9J9@�5B8�;@IH5H<=CB9�D9FCL=85G9�57H=J=HM�K5G�
=B7F95G98� =B�577@=A5H98�nG<9G'at'5o��K<9F95G�CH<9F�
D5F5A9H9FG�K9F9� BCH� G=;B=n75BH@M� 8=::9F9BH� 69HK99B�
both#groups.#These#authors#also#compared#antioxidant#
89:9BG9� 69HK99B� P.' brachycephalum# and# Zoarces'
viviparous' (temperate# eelpout)# and# concluded# that#
the#Antarctic#eelpout#has#higher#antioxidant#capacity,#
including#high#degree#of#glutathione#oxidation,#than#
the#temperate#eelpout.#
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Nahrgang' et' al.' (2010)# investigated# mRNA#
expressions# of# genes# for# xenobiotic# metabolism#
5B8� 5BH=CL=85BH� 89:9BG9� =B��F7H=7� nG<� �Boreogadus'
saida)# after# exposure# to# crude# oil.# Expression# of#
genes# for# catalase,# cytosolic# superoxide# dismutase,#

phospholipid#hydroperoxide#glutathione#peroxidase,#
5B8� 75H5@5G9� 57H=J=HM� K5G� =BJ9GH=;5H98	� �CK9J9F��
H<9M�K9F9�DCCF�:CF�C=@�ACB=HCF=B;�DIFDCG9G�6975IG9�
H<9� @57?� C:� 7@95F� DC@@IH5BH� 7CB79BHF5H=CB�89D9B89BH�
responses.

Figure'4.#Formation#of#reactive#oxygen#species#and#antioxidant#defense.#CAT#(catalase),#GPx#(glutathione#peroxidase),#GRED#(glutathione#reductase),#
NOS#(nitric#oxide#synthase),#SOD#(superoxide#dismutase),#GSH#(reduced#glutathione),#GSSG#(oxidized#glutathione),# �OH#(hydroxyl#radical),�LOO#
(lipid#peroxyl#radical),#LOOH#(lipid#hydroperoxide),#�%&��B=HF=7�CL=89�	�-=H5A=B���=G�5B�9:n7=9BH�H9FA=B5HCF�C:�:F99�F58=75@�DFCD5;5H=CB�=B�A9A6F5B9�

lipids.

Chen' et' al.# (2008)# carried# out# transcriptome#
5B5@MG9G� 69HK99B� Dissostichus' mawsoni#
�%CHCH<9B==859�� 5B8� BCB�BCHCH<9B=C=8� K5FA�K5H9F�
H9@9CGH�nG<9G�HC�=89BH=:M�7C@8�GD97=n7�9LDF9GG98�;9B9G	�
The# results# revealed# upregulation# of# several# genes#
F9@5H98�HC�5BH=CL=85BH�89:9BG9��K<=7<�K5G�5GG9A6@98�
in# 3# groups:# a)# gene# related# to# ROS# scavenging#
such# as# for# phospholipid#hydroperoxide#glutathione#
peroxidase,# peroxiredoxin+5,# superoxide# dismutase#
and# haptoglobin,# that# alleviates# hemoglobin+driven#
oxidative# stress# in# blood# cellsi# b)# antiapoptotic#

genes#for#Bax#Inhibitor#1#(BI+1)#and#Translationally#
�CBHFC@@98�+IACF�'FCH9=B��+�+'��K=H<�?BCKB�FC@9G�
in# mitigating# ROS+mediated# apoptosis# and# cellular#
oxidative# stressi# c)#genes# involved# in# iron# transport#
and#storage:#for#ferritin#and#serotransferrin#that#bind#
free# iron# and# the# small# peptide# hormone# hepcidin,#
that# reduces# iron# absorption.# The# expression# of#
H<9G9� ;9B9G� KCI@8� 69� 7CBG=GH9BH� K=H<� H<9� B998� :CF�
controlling#free#Fe2++catalyzed#ROS#generation#(Chen'
et'al.�����	�+<9G9�F9GI@HG�CD9B�5�B9K�F5B;9�C:�H5F;9HG�
:CF�CL=85H=J9�GHF9GG�6=CA5F?9FG�=B��BH5F7H=7�nG<9G	
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XENOBIOTICS'IN'ANTARCTIC'
ENVIRONMENT

Organisms#are#constantly#exposed#to#compounds#
GI7<�5G�GMBH<9H=7�8FI;G��DC=GCBG�5B8�5BH=6=CH=7G�K<=7<�
<5J9�BC�A9H56C@=7�:IB7H=CB�5B8�KCI@8�69�<5FA:I@�=:�
accumulated#in#the#cells.#These#potentially#damaging#
compounds# are# often# referred# as# xenobiotics.#
Some# xenobiotics,# such# as# polycyclic# aromatic#
hydrocarbons#(PAHs)#and#polychlorinated#biphenyls#
(PCBs),# are# resistant# to# degradation# and# these#
compounds#are#listed#as#persistent#organic#pollutants#
�+9GH5���"FTA9F�������CFGC@=B=�����	�
PAHs# are# present# in# petroleum,# coal,# and# are#

by# products# of# fuel# combustion.# Some# of# them# are#
carcinogenic,# mutagenic# and# teratogenic.# They# are#
lipophilic# and# the# larger# compounds# are# present# in#
the# soil# and# sediments# as# they# are# less# soluble# in#
K5H9F��<5J9�@CK�JC@5H=@=HM�5B8�<9B79�5F9�@9GG�DFCB9�HC�
evaporation.#PAHs#are#the#ACGH�K=89@M�GDF958�CF;5B=7�
pollutants# (Hodgson# 2004,# Fetzer# 2007).# PCBs# are#
GMBH<9H=7�CF;5B=7�7<9A=75@G�K=H<�@CK�K5H9F�GC@I6=@=HM��
H<9� 6F95?8CKB� =G� =BJ9FG9@M� F9@5H98� HC� H<9� 89;F99� C:�
7<@CF=B5H=CB�K<9F9�5G�@=DCD<=@=7=HM�=G�8=F97H@M�F9@5H98	�
#=;<H9F� '��G� 5F9�ACF9� @=?9@M� HC� 9J5DCF5H9� =BHC� H<9�
atmosphere# and# heavy# ones# settle# into# sediments.#
�=G<�5B8�A5F=B9�A5AA5@G�GI7<�5G�G95@G�5B8�K<5@9G�
accumulate# PCBs,# and# may# reach# levels# thousand#
H=A9G�<=;<9F�H<5B�=B�K5H9F���C8;GCB�����	

�BH<FCDC;9B=7� =BoI9B79� =G� 7@CG9@M� F9@5H98� HC�
the# presence# of# PAHs# in# the# marine# environment#
(Kennicutt#II#1995,#Soclo'et'al.#2000,#Ferguson'et'al.#
2003).# Even# though#Antarctica# remains# a# relatively#
DF=GH=B9� @C75H=CB�� K=H<� 9J9F� 9LD5B8=B;� G7=9BH=n7�
57H=J=HM��nG<9F=9G�5B8�;FCK=B;�HCIF=GA�=H�=G�JI@B9F56@9�
HC�DC@@IH=CB	���77=89BHG�C:�HCIF=GH�G<=DG�$*�%CF8?5DD�
and#MS#Explorer#in#2007#are#clear#examples#(Curtosi#
et'al.#2007).#Pollution#is#responsible#for#presence#of#
measurable# amounts# of# PAHs# and# PCBs.#About# 90#
A=@@=CB� @=H9FG� C:� :I9@� IG98�6M� H<9� G7=9BH=n7� F9G95F7<�
57H=J=H=9G�9J9F�M95F��C:�K<=7<�����=G�8=9G9@�:I9@��H<=G�
leads#to#the#release#of#hydrocarbons#directly#into#the#
9BJ=FCBA9BH���F=DDG�������F=DDG���*<95FG������	

+<9�nFGH�F9DCFH�C:�7CBH5A=B5H=CB�=B�H<9��BH5F7H=7�
97CGMGH9AG�K5G�=B��������9CF;9�������)=G96FCI;<'et'
al.������	�&J9F�H<9�@5GH�n:H99B�M95FG�A5BM�GHI8=9G�C:�
<M8FC75F6CB� 7CBH5A=B5BHG� 5GGC7=5H98� K=H<� F9G95F7<�
GH5H=CBG�K9F9�7CB8I7H98	�"9BB=7IHH�  ��������5B5@MN98�

G98=A9BH�� 6=J5@J9G�� @=AD9HG� 5B8� nG<� 7C@@97H98� :FCA�
.=BH9F� (I5FH9FG� �5M� �.(��� 5H� $7$IF8C� *H5H=CB��
'5@A9F�*H5H=CB�5B8�F9ACH9�G=H9G�C:�$7$IF8C	�.=89@M�
occurring# PAH# and# unusually# high# concentrations#
C:� '��� K9F9� C6G9FJ98� =B� H<9� G98=A9BH� C:� .(��
other# than# accumulation# of# PCBs# in# the# organisms#
of# this# region.# This# demonstrates# that# PCBs# have#
577IAI@5H98� =B� H<9� �BH5F7H=7� :CC8� K96� 5H� H<9G9�
locations.#Sediment#and#organisms#from#most#control#
5B8� F9ACH9� G=H9G� G<CK98� @=HH@9� CF� BC� '��G	� +<=G�
indicates# that# long# distance# atmospheric# transport#
plays# a#minor# role# in# the# dispersal# of# contaminants#
5B8�H<9�ACGH�@=?9@M�GCIF79�C:�7CBH5A=B5H=CB�=G�<IA5B�
57H=J=HM	�+<=G� GHI8M� 5@GC� G<CKG� H<5H� =BH9FH=85@� NCB9G�
are# particularly# vulnerable# to# exposure# due# to# the#
nature# of# contaminant# release# and# is#most# probable#
site#of#long#term#chronic#exposure.#Intertidal#limpets#
collected#at#Palmer#Station#had#higher#concentrations#
of# PCBs# than# subtidal# limpets,# this# also# suggests#
runoff#source.####

.969F� �� �C9F?9� ������� 5B5@MN98� J5F=CIG�
�BH5F7H=7� nG<� GD97=9G� :CF� H9B� BCB�DC@5F� L9BC6=CH=7G�
compounds# and# found# hexachlorobenzene# (HCB)#
concentrations#expressed#on#the#basis#of#extractable#
organic#matter#did#not#differ#from#those#of#North#Sea#
nG<	�  H� =G�DCGG=6@9� H<5H�'���5F9�8=GHF=6IH98�;@C65@@M�
by# the# atmospheric# processes# and# condense# in# the#
Polar# Regions.# Martins# et' al.# (2004)# reported# the#
concentrations#of#PAHs#range#from#9.45#to#270.5ng#
g+1#in#surface#sediments#near#the#Brazilian#station#in#
Admiralty#Bay.#The#highest#values#occurred#at#sites#
��A9H9FG�:FCA�H<9�CIH�:5@@�5B8�@CK9F�7CB79BHF5H=CBG�
:FCA� G=H9G� :5FH<9F� 5K5M� H<5B� ���A9H9FG	�$5FH=BG� et'
al.�������=B�<=G�KCF?�G<CK98�H<5H�H<9�5@=D<5H=7�5B8�
'��G�7CB79BHF5H=CBG�K9F9��=B�;9B9F5@��G=A=@5F�=B�CH<9F�
Antarctic#areas.
Jubany# station# in# Potter# Cove# in# King# George#

Island,#South#Shetland#Islands#has#been#operating#for#
more#than#50#years,#and#other#than#visits#of#large#ships,#
is# also# involved# in# tourist# activities.# Potter#Cove# is#
therefore,#exposed#to#both#chronic#and#acute#events#of#
hydrocarbon#spillages#and#contamination#(Vodopivez'
et'al.#2008).#Curtosi#et'al.#(2009)#studied#levels#of#25#
PAHs#at#Potter#Cove#in#suspended#particulate#matter#
(SPM),# surface# sediment# and# marine# organisms# as#
nG<��Notothenia'coriiceps)#of#pelagic#fauna,#bivalve#
(Laternula'elliptica��5�n@H9F�:9989F�5B8�=BH9FH=85@�@=AD9H�
(Nacella' concinna)# a# grazer# of# benthic# community.#
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 B� G98=A9BHG�� '��G� K9F9� F9DCFH98� HC� 69� G=A=@5F� HC�
H<CG9�C:�@CK�@9J9@�DC@@IH=CB�G=H9G������B;�;+1�8K�=B�
Signy#Island#(Cripps#1992)#and#14+280#ng#g+1�8K�5H�
Admiralty#Bay# (Martins' et'al.�����	�.<9F95G�G=H9G�
studies#near#shore#had#levels#closer#to#21+1572ng#g+1#
8K� 5H��FH<IF��5F6CIF� �"9BB=7IHH�   ' et' al.# 1992)# or#
1100+2100ng# g+1� 8K� B95F� $7$IF8C� GH5H=CB� �%9;F='
et'al.�����	�+<9�HCH5@� @9J9@G�C:�'��G�=B�*'$�K9F9�
G=A=@5F�HC�G98=A9BH�G5AD@9G�5;F99=B;�K=H<�H<CG9�:CIB8�
in#coastal#soils#(Curtosi'et'al.#2007).#This#data#support#
H<9�<MDCH<9G=G�H<5H�nB9�GC=@�D5FH=7@9G�56GCF6�'��G�5B8�
transported#from#contaminated#land#sites#to#cove#by#
GIAA9F�A9@H�K5H9F	�+<9�'��G�7CB79BHF5H=CBG��69@CK�
200ng#g+1)#exhibited#in#N.'corriceps�H=GGI9G�K9F9�@CK�
compared#to#the#environment#levels#and#higher#levels#
C:�'���K9F9�=B�H<9�@=J9F�H=GGI9�K<9B�7CAD5F98�K=H<�
other#tissues.
Persistent# organic# pollutants# (POPs)# transport# in#

Antarctica#can#be#explained#by#global#POPs#models#
�.5B=5� �� $57?5M� ������ .5B=5� �� *I� ����	� +<9�
@CK� H9AD9F5HIF9G� 5B8� K=BH9F� 85F?B9GG� G@CKG� 8CKB�
the#degradation#of#POPs#and#traps#them#in#ice.#POPs#
5F9�F9@95G98� =BHC� H<9�9BJ=FCBA9BH�K=H<� =79�A9@H�5B8�
9BH9F� =BHC� H<9� HFCD<=7� K96G	� � 'C@5F� CF;5B=GAG� 8C�
BCH�<5J9�5�K9@@�89nB98�GMGH9A�HC�895@�K=H<�:CF9=;B�

GI6GH5B79G�5B8�H<9=F�9BNMA9�GMGH9A�:CF�89HCL=n75H=CB�
is#not#yet#fully#understood#(Corsolini#2009).#Hence,#
the# accumulation# of# foreign# substances,# and# their#
potential# toxicity# could# be# good# indicators# of# the#
biological#impact#of#pollutants.#
Monitoring# the# contaminants# (PCBs,# PAHs# and#

heavy# metals)# occurring# naturally# or# from# human#
57H=J=HM�=G�J9FM�8=:n7I@H	��L5A=B=B;�H<9�7<5B;9G�=B�H<9�
biochemical#response,#particularly#the#impairment#of#
the#physiological#processes#in#organisms#exposed#to#
contaminants#could#be#used# to#monitor# the#changes#
in# the# environment.#One# promising# approach# could#
be# to# examine# the# impairment# of# the# physiological#
processes# in# organisms# exposed# to# contaminants.#
Biotransformation#and#antioxidant#enzymes#involved#
=B�89HCL=n75H=CB�C:�L9BC6=CH=7G�5B8�H<9=F�A9H56C@=H9G�
<5J9�699B�=BJ9GH=;5H98�5G�DCH9BH=5@�6=CA5F?9FG	���

XENOBIOTICS'METABOLISM'

The# toxicity# of# the# xenobiotic# compounds# to# an#
CF;5B=GA� 75B� 69� 5::97H98� 6M� A9H56C@=GA�� K<9F9�
69B9n7=5@�89HCL=n75H=CB�CF�<5FA:I@�6=C57H=J5H=CB�75B�
C77IF	� 'CGG=6@9� G9EI9B79G� C:� 6=CHF5BG:CFA5H=CB� C:�
L9BC6=H=7G�5F9�G<CK�=B�H<9��=;IF9��	

Figure'5	�$9H56C@=7�D5H<K5MG�C:�L9BC6=CH=7G� �/9BC�� =B��BH5F7H=7�nG<	�+<9�J=FHI5@@M�A5=B�5779GG�C:�L9BC6=CH=7G� HC� H<9� H=GGI9G�5B8�
6=C@C;=75@�oI=8G�=B�nG<�=G�H<FCI;<�;=@@G�5B8�8=;9GH=J9�HF57H�K<=7<�5F9�H<9�DF=B7=D5@�FCIH9G	�+<9�CL=85H=CB��F98I7H=CB�5B8�<M8FC@MG9G�C:�
L9BC6=CH=7G��D<5G9� ��:CFA�ACF9�GC@I6@9�DF=A5FM�DFC8I7HG�K<=7<�75B�69�ACF9��@9GG�CF�9EI5@@M�HCL=7	�+<9�7CB>I;5H=CB�K=H<�;@M7IFCB5H9�

and#gluthatione#(phase#II)#origin#more#hydrophilic#secondary#products#and#can#be#excreted#preferably#through#bile#(phase#III).
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 B� nG<�� @=J9F� =G�ACGH� 7CAACB@M� =BJC@J98� =B� H<9�
89HCL=75H=CB� C:� :CF9=;B� 7CADCIB8G�� K<=7<� A5?9G�
it# as# target# organ.# The# xenobiotic# metabolism# is#
divided#into#three#phases#(Figure#5),#phase#I#involves#
7MHC7<FCA9� '���� CL=85G9� ��0+'����� K<=7<�
introduces# reactive# or# polar# compounds,# phase# II#
H<9� AC8=n98� 7CADCIB8G� 5F9� H<5B� 7CB>I;5H98� HC�
polar# compounds.#These# reactions# are# catalyzed# by#
glutathione#S+transferase#(GTS)#and#UDP+glucuronyl#
transferase# (UDPGT).# The# conjugated# hydrophilic#
compounds# of# phase# II# are# pumped# out# or#may# be#
further#metabolized# before# being# excreted# in# phase#
   ��!5?C6M���1=9;@9F��������CAA5B89IF'et'al.#1995,#
van#der#Oost'et'al.#2003).#
The# xenobiotic# compounds# in# phase# I# are#

catalyzed# by# microsomal# monooxygenase# (MO)#
9BNMA9G�� 5@GC� ?BCKB� 5G� H<9� A=L98� :IB7H=CB�
CL=85G9� �$�&�� GMGH9A��K<=7<� =BJC@J98�A5=B@M� H<9�
7MHC7<FCA9� '���� ��0'������ 7MHC7<FCA9� 6�� �7MH�
b5)# and# NADPH# cytochrome# P450# redutase# (P450#
)���	��0'����9BNMA9G�5F9� 5�K=89@M� GDF958� GID9F�
family# of# hemeproteinsi# some# of# these# enzymes#
are# especially# inducible# by# their# substrates# (Nelson'
et' al.� ������ �I7<9@=� �� �9BH� �����	� �� GI6:5A=@M��
�0'��� =G� F97C;B=N98�5G�5B� =ADCFH5BH�6=CA5F?9F� HC�
exposure#to#PAHs,#PCBs#and#halogentated#dibenzo+
D�8=CL=BG� ��C?GeMF� �����	�  B� ACGH� nG<9G� �0'���
9LDF9GG98� =G� J9FM� @CK� 5B8� 5F9� 9::97H=J9@M� =B8I798�
by#many#planar#hydrocarbons# through# their#binding#
to# cytosolic# arylhidrocarbon# receptor# (AhR)# and#
H<=G� F979DHCF� 6=B8G� K=H<� BI7@95F� HF5BG@C75HCF� 5B8�
acts# as# transcriptional# activator# in# the# promoter# of#
�0'���� 5B8� CH<9F� F9GDCBG=J9� ;9BG� ��5B8G7<=B� ��
Meyer#2003).#The#study#of#T.'bernacchii#exposed#to#
laboratory# ��B5D<H<Co5JCB9� ��+NF)# indicated# that#
<9D5H=7��0'���G<CK98�<=;<9F�G9BG=H=J=HM�5:H9F��+NF#
9LDCGIF9�5B8�<=;<9F�A9H<CLMF9GCFInB�&�899H<M@5G9�
�$�)&���57H=J=HM�H<9B�9H<CLMF9GCFInB�&�899H<M@5G9�
��)&����D<5G9�  �9BNMA9G�K9F9�BCH�5::97H98�6M�H<9�
exposure,# indicating# that# their# modulation# is# not#
mediated#by#Ah#receptor#(Di#Bello'et'al.#2007).
T.' bernacchii� =G� 5B� =B8=75HCF� GD97=9G� C:� �0'���

induction#to#assess#the#level#of#pollutants#impact#on#
@C75@�6=CH5	�)9GI@HG�C:�@=J9F�H=GGI9G�:FCA�nG<�7C@@97H98�
:FCA� .(�� 5B8� �57?8CCF� �5M� ������ K<=7<� =G�
F9ACH9� :FCA� <IA5B� 57H=J5H9G� G<CK98� oICF9G79BH�
5FCA5H=7�7CADCIB8G�����G��HKC�:C@8�<=;<9F�5B8����
:C@8�<=;<9F��0'���9LDF9GG=CB�=B�.(���H<9��0'���

=B8I7H=CB� 7CFF9@5H98� DCG=H=J9@M� K=H<� 6=@=5FM� ���G��
even# though# McMurdo# station# cleaning# program#
K5G�69;=B�=B������H<9�F9GI@HG�C:�DF9G9BH�GHI8M��G<CK�
H<5H� 5� G=;B=n75BH� 7CBH5A=B5H=CB� GH=@@� 9L=GHG	� *=B79�
<M8FC75F6CB�6F95?8CKB� =G� G@CK� =B��BH5F7H=7�8I9� HC�
cold# temperatures,# the#contamination#effect# remains#
:CF�5�7CBG=89F56@9�D9F=C8�C:� H=A9	� B�nG<��0'���=G�
catalytically#expressed#principally#through#the#EROD#
activity#(Miller'et'al.#1999).
Lurman#et'al.#(2010)#also#evaluated#the#impact#of#

9BJ=FCBA9BH5@�DC@@IH=CB�CB�nG<� =B�$7$IF8C��IG=B;�
5G�6=CA5F?9FG��)&���D9BHCGMF9GCFInB�&�899H<M@5G9�
5B8� 6=@=5FM� B5D<H<5@9B9� 5B8� D<9B5BH<F9B9� K=H<�
samples# of# T.' bernacchii# and# Trematomus' hansoni#
:FCA�5�7CBHFC@�G=H9�����5B8�.(�	�+<9�8=::9F9B79G�=B�
�)&��57H=J=HM�69HK99B�DC@@IH98�5B8�7CBHFC@�@C75H=CBG�
G99A� HC� 69� G=A=@5F�K=H<� CH<9F� DF9J=CIG�KCF?G	�+<9�
.(��T.'hansoni��)&��57H=J=HM�K5G����DAC@�A=B+
1#mg+1# and# 14pmol#min+1#mg+1# for#BDB#T.' hansoni.#
The#EROD#response#is#not#proportional#to#the#level#
C:�G98=A9BH�DC@@IH=CB��K<9F9�'���=G�<=;<	�+<=G�A5M�
69�8I9�HC�8=::9F9B79G�=B�GD97=9G��K<9F9�T.'bernacchii#
may#be#accounted#for#by#inhibition#of#EROD#activity#
6M�'��G�K<=7<�5F9�5@GC�<=;<�=B�.(���H<9�G5A9�K5G�
5@GC�C6G9FJ98�K=H<�7CDD9F�5B8�758A=IA�5@GC���HC����
:C@8�<=;<9F�=B�.(�	�$5BM�5IH<CFG�<5J9�8C7IA9BH98�
=B<=6=H=CB�C:��0'���6M�'��G��5B8�H<=G�F98I7H=CB�C:�
EROD#in#T.'bernachii,# this#could#be#a#confounding#
factor.#Lurman#et'al.#(2010)#also#observed#in#his#study#
that#T.'bernacchii#collected#form#BDB#and#caged#in#
.(��:CF��5B8���K99?G��5H��K99?G�<58�<=;<9GH��)&��
57H=J=HM�5B8�K=H<���K99?G�75;98�H<9�nG<�<58�;F95H9F�
PCB,#cooper#and#cadmium#burden,#thus#suppressing#
the#EROD#response.#Similar# results# are#obtained# in#
KCF?�K=H<�T.' bernacchii# from#Gerlache# Inlet,#Terra#
%CJ5��5M��)CGG�*95	� B8I7H=CB�75IG98�6M�'���K5G�
GIDDF9GG98� 6M� 7C�9LDCGIF9� K=H<� �8� 5B8� �I�� H<9G9�
F9GI@HG�F9J9@�5�7CAD@9L�=BH9F57H=CB�D5H<�K5M�69HK99B�
different#co+exposures#(Benedetti'et'al.#2007).
Lepomis' GD97=9G�� 7CAACB@M� ?BCKB� 5G� GIBnG<��

K<=7<�=G�56IB85BH�=B�%CFH<��A9F=75��K5G�GHI8=98�6M�
Brammell#et'al.# (Brammell'et'al.#2010)#as#potential#
biomonitoring# organism# for# halogenated# aromatic#
<M8FC75F6CB� 5B8� '���� IG=B;� =B8I7H=CB� C:� �0'���
and#phase#II#enzymes#as#GST#and#UDPGT.#Lepomis'
<9D5H=7��0'���9L<=6=H98�K95?@M�=B8I7H=CB�:CF�'���
5B8� <=;<@M� =B8I798� :CF� '��� =B8=75H=B;� H<5H� GIBnG<�
7CI@8� 69� 9L79@@9BH� 6=CA5F?9F� :CF� '��� DC@@IH=CB	�
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.<9F95G�D<5G9�  �9BNMA9G�F9A5=B98�IB7<5B;98�A5M�
be# indicating# that# these# enzymes# are# not# sensitive#
6=CA5F?9FG�:CF�DC@@IH5BHG	�)979BH@M�Lipophrys'pholis'
has# been# pointed# out# as# PAH# pollution# monitor.#
�LDCGIF9� HC� '��� G<CK98� GI:n7=9BH� =B8I7H=CB� C:�
�)&�� 57H=J=HM� HC;9H<9F�K=H<� 577IAI@5H=CB� C:� ����
=B� H<9�6=@9�� GI;;9GH=B;�IG9�C:� H<9G9�nG<� =B�DC@@IH=CB�
ACB=HCF=B;�:CF�7<FCB=7�7CBH5A=B5H=CB�5G�K9@@�:CF�C=@�
GD=@@�577=89BHG�C:�AC89F5H9�G75@9	��BCH<9F�DC=BH�HC�H5?9�
into#account#determination#of#EROD#and#FACs#is#not#
expensive,#rapid#and#easy#to#use#(Santos'et'al.#2010).#
+<F99� GD=B98� GH=7?@9657?G� �Gasterosteus' aculeatus)#
K9F9�9LDCG98�HC�<IA=7�GI6GH5B79��CF;5B=7�AC@97I@9G�
that#constitute#the#major#part#of#the#dissolved/natural#
CF;5B=7�A5HH9F�=B�:F9G<K5H9F��C:�8=::9F9BH�CF=;=BG�5B8�
�)&��57H=J=HM�K5G�A95GIF98�=B�@=J9F�5B8�;=@@G	��)&��
=B8I7H=CB�K5G�C6G9FJ98�DF=A5F=@M�=B�;=@@G��H<=G�KCI@8�
69�G=;B=n75BH�HC�IH=@=N9��)&��57H=J=HM�5G�6=CA5F?9F�
(Andersson'et'al.#2010).
The# available# literature# about# xenobiotics#

A9H56C@=GA� =B� �BH5F7H=7� nG<� =G� A5=B@M� CB� T.'
bernacchii	�+<9�F9G95F7<�K=H<�CH<9F�9B89A=7�nG<�C:�
�BH5F7H=75� KCI@8� ;=J9� 5� ACF9� 577IF5H9� 85H5� 56CIH�
utilization# of# xenobiotic# metabolism# enzymes# as#
6=CA5F?9FG	�+<9�5J5=@56@9�85H5�C:�D<5G9� �5B8�D<5G9�
II#enzymes#indicates#that#phase#I#has#more#sensitivity#
on#pollutants#effects#than#phase#II,#so#phase#I#enzymes#
@=?9��)&�� 5F9� DF9:9FF98� =B� IG=B;� 5G� 6=CA5F?9FG� =B�
�BH5F7H=7�nG<	

HEAT'SHOCK'PROTEIN

+<9�DFCH9=B�57H=J=HM�=G�89H9FA=B98�6M�H<9�G9EI9B79�
of#amino#acids.#The#correct#folding#of#the#amino#acid#
G9EI9B79� 5B8� H<9� 7CAD5FH=A9BH5H=CB� C:� H<9� B9K@M�
formed# protein,# depend# on# the# protein# assistants#
called#chaperons.#This#class#of#proteins#also#prevent#
the# aggregation# of# denatured# protein# structures# and#
<9@D� F9:C@8� H<9A� HC� H<9� B5H=J9� GH5H9� ��C7<57<?5���
Somero# 2002a).# The# term# chaperone# has# its# origin#
=B� H<9� GHI8=9G� C:� H<9� <95H� G<C7?� DFCH9=B� 9LDF9GG=CB�
(Hsp).#The#expression#of#Hsps#under#thermal#stress,#
in# various# organisms,# help# stabilize# the# denatured#
proteins,#refold#proteins#that#are#denatured,#and#give#
directions#those#proteins#that#have#suffered#irreversible#
89B5HIF5H=CB� HC� H<9� 89;F585H=CB� D5H<K5MG�� H<IG�
5JC=8=B;�79@@I@5F�85A5;9���@=7?A5B����=97<5BCJ9F�
����"5@A5F����F99BGA=H<�����	
Comparing# the# gene# expression# of# Hsps# in#

97HCH<9FAG� =B<56=H=B;� H<9FA5@@M� GH56@9� 5EI5H=7�

9BJ=FCBA9BHG�K=H<�H<CG9�=B<56=H=B;�AC89F5H9@M�GH56@9�
5B8� <=;<@M� J5F=56@9� H<9FA5@� 5EI5H=7� 9BJ=FCBA9BHG��
+CFA5B9?� ������ :CIB8� H<5H� 56=@=HM� HC� =B8I79� H<9�
H<9FA5@� DFCH97H=J9� F9GDCBG9� K9F9� 56G9BH� CF� =G� J9FM�
@CK� =B� H<9� CF;5B=GAG� =B� H<9� GH56@9� 9BJ=FCBA9BHG	�
Holfmann#et'al.#(2000)#investigating#the#induction#of#
H<9FA5@�G<C7?�F9GDCBG9G�=B��T.'bernacchii#exposed#to#
10#oC#for#2#hours,#found#that#this#highly#stenothermic#
Antarctic# notothenioid# does# not# have# the# capacity#
to# induce# the# synthesis# of# Hsp70.# This# apparent#
@CGG� C:� :IB7H=CB� K5G� =BH9FDF9H98� 5G� 5� 7CBG9EI9B79�
of#the#evolution#to#stable#subzero#temperatures#over#
5� D9F=C8� C:� 56CIH� 5�A=@@=CB� M95FG	�.CF?=B;�K=H<�T.'
bernacchii���I7?@9M�et'al.#(2004),#found#that#the#cells#
K<9B�9LDCG98�HC�H<9FA5@�G<C7?�C:�ID�HC���oC,#failed#
to#induce#an#increase#in#the#mRNA#hsp79#levels,#the#
<95H�G<C7?�:57HCF���57H=J=HM��<G:����CF�:CF�H<5H�A5HH9F�
any#other#class#of#hsps.#The#inability#of#T.'bernacchii#
to#up+regulate#the#expression#of#various#types#of#heat#
G<C7?�DFCH9=BG�=G�EI=H9�K=89�5B8�=G�BCH�@=A=H98�HC�>IGH�
Hsp70.#For#instance,#the#co+chaperone#Hsp40#of#this#
BCHCH<9B=C=8� =G� K95?@M� =B8I798� ��	�� H=A9G�� IB89F�
7CB8=H=CBG� C:� H<9FA5@� GHF9GG� ��I7?@9M� �� *CA9FC�
2009).
The# inability# of# the# Antarctic# notothenioid,# to#

up+regulate# the# Hsp,# probably# occurred# after# the#
separation#of#the#Bovichtidae#family#from#the#family#
C:��BH5F7H=7� BCHCH<9B=C=8� nG<9G	� +<FCI;<� H<9� @CB;�
9JC@IH=CB��H<9�H<CFBnG<�Bovichtus'variegatus#and#the#
BCB��BH5F7H=7�BCHCH<9B=C=8��K<=7<�=B<56=H�H<9�A5F=B9�
9BJ=FCBA9BHG� 5FCIB8�%9K�195@5B8�� *CIH<��A9F=75�
and#Australia,#retained#the#capacity#to#synthesize#them#
RNA#of#Hsp70,#but#only#B.'variegatus'has#a#robust#
synthesis#of#the#Hsp70#(Hofmann'et'al.#2005).##The#
inability#of# the#Antarctic#notothenioid# to# induce# the#
Hsp70#gene#under#thermal#stress#conditions,#probably#
F9G=89�=B�H<9�5@H9F5H=CB�C:�H<9�;9B9�585DH5H=CB�HC�@CK�
H9AD9F5HIF9�K<9F9�=H�<5G�5�7CBGH5BH@M�<=;<9F�@9J9@G�C:�
Hsp70.#There#are#evidences#that#the#adaptation#to#sub#
N9FC� H9AD9F5HIF9G� 7CI@8� F9EI=F9� B5HIF5@@M� 9@9J5H98�
levels#of#chaperones#to#avoid#the#protein#denaturation#
induced# by# the# cold# or# to# compensate# the# negative#
9::97HG�C:�@CK�H9AD9F5HIF9G�CB�DFCH9=B�:C@8=B;��'@579�
���C:A5BB�����	

CONCLUSION

Initial# studies# of# the# metabolic# enzymes# of#
�BH5F7H=7� nG<9G�K9F9� 8=F97H98� HC� IB89FGH5B8=B;� H<9�
A97<5B=GAG� C:� 585DH5H=CB� HC� H<9� 7C@8	� �CK9J9F��
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human# presence# in# the# region# has# introduced#
588=H=CB5@�B9K�J5F=56@9G�=BHC�H<9G9�97CGMGH9AG	�+<9�
levels#of#the#energy#metabolism#enzymes#(CS,#MDH,#
PFK,#HK,#PK,#IDH,#CK,#Na/K+ATPase,#cytochrome##
oxidase,#�+HBDH#and#GPase),#L+arginine#metabolism#
(arginase# and# NOS),# antioxidant# defenses# # (SOD,#
CAT,# GPx# # and# GRED)# and# xenobiotics# (EROD# e#
�*+��<5J9�699B�=BJ9GH=;5H98�5G�DCGG=6@9�6=CA5F?9FG�
of# the# environmental# changes# mostly# in# tropical#
and#temperate#zone#animals.#Though#a#considerable#
KCF?�<5G�699B�8CB9�CB�H<9�IH=@=HM�C:�H<9G9�9BNMA9G�
5G� 6=CA5F?9FG� =B� J5F=CIG� CF;5B=GAG�� H<9F9� 5F9� J9FM�
:9K�GHI8=9G�K=H<��BH5F7H=7�CF;5B=GAG��9GD97=5@@M�nG<	�
+<9F9�5F9�5�BIA69F�C:�CD9B�EI9GH=CBG�F9;5F8=B;�H<9��5��
the#actual#controls#involved#in#the#metabolism#of#nitric#
oxide#involving#NOS#and#arginase#and#L+arginine,#b)#
the#changes#in#the#antioxidant#metabolism#in#Antarctic#
nG<�5F=G=B;�:FCA�H<9�9B<5B798�DFC8I7H=CB�C:�F957H=J9�
oxygen# species# by# xenobiotics# and# their# relation# to#
the#pollution#levels,#c)#the#actual#defense#mechanisms#
against# xenobiotics,# and# the# metabolic# alterations#
=B8I798�6M�7C�9LDCGIF9�HC�<95JM�A9H5@G�K<CG9�B5HIF5@�
concentrations# are# high# in# this# region.#Therefore,# it#
is#very#important#to#have#good#understanding#of#the#
A9H56C@=7�6=CA5F?9FG�HC�ACB=HCF�H<9�7<5B;9G�75IG98�
by#the#anthropogenic#activities.#
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