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I N T R O D U C T I O N

Cancer  is  one of  the  leading causes  of
dea th  in  the  wor ld .  Among the  many
known mal ignant  tumors  o f  the  l iver ,
hepa toce l lu la r  ca rc inoma has  been  a lmos t
d iagnosed  in  an  advanced  phase  wi th  an
associat ion with serious cirrhosis  occurring
in 70–80% of the cases (1). Abelev reported
the  e leva ted  leve l s  o f  a lpha- fe topro te in

(AFP)  in  hepa toce l lu la r  ca rc inoma (2) .
From then  onwards ,  the  se rum AFP tes t
has  become the  mos t  va luab le  too l  fo r
the  ear ly  d iagnos is  o f  hepa toma (3) .  I sh i i
e t  a l  r epor ted  tha t  the  s imul taneous
measurements  o f  se rum a lpha- fe topro te in
and prote in  induced by vi tamin K absence
are  he lpfu l  fo r  de tec t ing  hepa toce l lu la r
carcinoma (4) .  These observat ions made us
to  es t imate  the  copper ,  ce ru lop lasmin ,
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Abstract :  Serum copper,  ceruloplasmin, protein thiols and thiobarbituric
acid react ive substances (TEARS) were est imated in 25 pat ients  of  l iver
cancer .  The  copper  to  ce ru lop lasmin  ra t io  was  modera te ly  inc reased
(P<0.05) but the copper (P<0.001) and ceruloplasmin (P<0.001) levels were
significantly increased in liver cancer patients when compared to controls.
Protein thiols levels were found to be highly significant (P<0.001). Where
as the TEARS levels were not found to be significant. Trace elements and
free  radicals  have been impl icated in  the  e t iology of  cancer .  Hence the
estimation of ceruloplasmin and protein thiols along with the copper may
be of high value in the early diagnosis of cancer.
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p ro te in  th io l s  and  TEARS leve l s  in  the
patients associated with elevated level AFP.

Lip id  perox ida t ion  i s  known to  p lay  a
key role in carcinogenesis (5). Thiobarbituric
acid reactive substance (TBARS) measurement
is  the  method of  choice  for  screening and
moni tor ing  l ip id  perox ida t ion ,  as  they  a re
major indicators  of  oxidative stress (6) .

Su l fhydry l  compounds  pro tec t  normal
and cancer  ce l l s  f rom free  radica l  damage
(7) .  P lasma (pro te in)  SH groups  a re
susceptible to oxidative damage (8) and are
often low in patients suffering from diseases
such  as  coronary  a r te ry  d i sease  (9 ) .  An
assay to measure protein thiols and TBARS
levels in plasma during liver cancer is also
d i scussed .

MATERIALS AND METHODS

Levels  o f  se rum AFP,  copper ,
ce ru lop lasmin ,  p ro te in  th io l s  and  TBARS
were estimated in patients with liver cancer.
Study was conducted on the blood samples
of  pa t ien t s  sen t  fo r  inves t iga t ion  to  the
depar tment  o f  Cl in ica l  Biochemis t ry ,
Kasturba  Medical  Col lege ,  Manipal .

Serum samples  were  ob ta ined  f rom 25
pa t ien t s  (Mean  age :  60 ± 15  years )  wi th
c l in ica l ly  and  h i s to log ica l ly  ver i f i ed  l ive r
cancer .  Normal  hea l thy  age  and  sex-
matched volunteers  were taken as  controls .
The  AFP es t imat ion  in  these  samples  was
done  us ing  Elecsys  based  on  the
elect rochemiluminiscence pr inciple .  Copper
in  the  samples  was  es t imated  us ing
ba thocupro in  d i su lphona te  method  (10) .
Ceru lop lasmin  leve l  was  de te rmined  by
diamine oxidase  method (11)  based on the

proper ty  o f  ce ru lop lasmin  to  ca ta lyze  the
oxida t ion  of  co lor less  para -phenylene
diamine to a blue violet complex, which can
be  es t imated  spec t rophotomet r ica l ly .  Four
molecules  of  th iobarbi tur ic  ac id  wi l l  reac t
wi th  two molecu les  o f  malona ldehyde  to
form a  co loured  compound,  which  i s
measured  color imet r ica l ly  a t  532 nm (12) .
Al l  the  chemica l s  and  reagents  were
obtained from standard companies and were
of  analyt ical  grade.  The opt ical  densi ty  of
the  reac t ion  mix ture  was  measured  us ing
GENESYS 10  UV (Thermospec t ron ic ) .
S ta t i s t i ca l  ana lys i s  was  done  us ing  t - t es t
for  equal i ty  of  means  and one-sample  tes t
for TBARS. Significance was determined by
Mann-Whi tney  U tes t ,  which  was  appl ied
to compare the distribution of values in the
test and control groups. P<0.01, and P<0.001
were  taken  as  s ign i f ican t  and  h igh ly
s igni f icant ,  respect ive ly .

RESULTS AND DISCUSSION

Table I depicts the serum levels of AFP,
copper ,  ce ru lop lasmin ,  the i r  ra t io  and
TBARS Teve ls  in  hea l thy  vo lun teers  and
l iver  cancer  pa t ien t s .  The  se rum AFP
estimation is very useful in monitoring liver
cancer  pa t ien ts ,  i t s  ear ly  d iagnos is  and  in
def in ing  the  response  to  therapy  and
detecting an early recurrence of the disease.
The  AFP leve l  was  markedly  e leva ted  in
pat ien ts  wi th  l iver  cancer .  As  repor ted  by
severa l  workers  we  a l so  no t iced  the
decreased level of total protein and albumin
when  compared  to  con t ro l  g roup .  Ris ing
trend in serum AFP will indicate appearance
of  ear ly  recurrence .  Copper ,  ceruloplasmin
and their  rat io were signif icantly increased
in  l ive r  cancer  pa t ien t s  as  compared  to
controls .  Studies  have reported that  copper
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and  ceru lop lasmin  leve l s  were  a l so
significantly increased in prostate, colon and
ovar ian  cancer  (13) .  Our  s tudy  showed a
decrease  in  p ro te in  th io l  wi thout  much
variat ion in  the TBARS level .

Sufficient evidence has been noted in the
recurrence of  the  disease by r ise  in  serum
AFP concentrat ion earl ier  than any cl inical
or radiological investigation. Therefore they
sugges t  tha t  pa t ien t s  wi th  l ive r  cancer
should get  ser ia l  es t imat ion of  serum AFP
dur ing  the  course  o f  the i r  t r ea tment .

Cupr ic  ions  are  repor ted  to  inhib i t  the
produc t ion  of  s ing le t  oxygen;  th i s  i s  o f
par t i cu la r  s ign i f icance  because  of  the
la t ter ’s  abi l i ty  to  cross  the  ce l l  membrane
and  i t s  h igh  reac t iv i ty  towards  var ious
biomolecules (14).

Ceru lop lasmin  i s  a  copper  b ind ing
pro te in ,  which  increases  in  severa l
carc inomas .  L igh tman and  Brandes  (15)
repor ted  tha t  decreased  concen t ra t ions  o f
z inc  and  the  increased  concen t ra t ions  o f
copper in serum do not seem to result from
a shift of zinc into or release of copper out
of  the  mal ignant  tumor  t i s sue .

Lipid peroxidat ion is  a  well-establ ished
mechanism of  ce l lu la r  in jury ,  which  leads
to  product ion  of  l ip id  peroxides  and  the i r
byproducts .  Malonaldehyde peroxidat ion of
po lyunsa tura ted  fa t ty  ac ids  and  re la ted
es ters  provide  a  convenient  index of  l ip id
peroxidat ion.  In the present  s tudy we have
seen  a  s ign i f ican t  inc rease  in  TBA
reac t iv i ty .  P lasma l ip ids  a re  p ro tec ted
f rom perox ida t ion  by  na tura l ly  occur r ing
ant iox idan ts .  The  enhanced  chromogen
development with acetic acid of plasma and
l ip id  s tandards  ( in  which  peroxidat ion  has
not  been  induced  bu t  which  never the less
contains small amount of peroxides) possibly
reflects the acids solvent properties towards
the  l ess  po la r  perox ida t ion  produc ts
charac te r i s t i c  o f  the  ea r ly  s tages  o f  l ip id
perox ida t ion  (16) .  E leva t ion  of  se rum
Copper, Ceruloplasmin and their ratios have

TABLE I : Serum copper ,  ceruloplasmin,  prote in  thiols  and TBARS sta tus  in  pat ients  wi th  l iver  cancer .

Groups Copper Ceruloplasmin Cu: Ceruloplasmin Protein T B A R S AFP

Control 61.56± 16.8 37.40± 6.14 1.70± 0.65 218.10± 125.4 0.53± 0.32 3.46± 1.38

Liver Cancer 175.4±89.39** 66.52± 17.59** 2.93± 2.38** 116.9± 60.01** 0.932± 0.752* 13239± 28129*

n = 25,  *P<0.05,  **P<0.001.  Values are shown as mean ± SD.
The AFP values include an outlier (AFP = 34148) and three extreme values (AFP values = 59908, 59600 and
121000). When these four values were excluded from the analysis, mean and standard deviation of remaining
21 AFP values were 2682.45 and 3692.23 respectively. The values remained significantly higher compared to
control  group values .
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been reported to be useful in diagnosis and
prognosis  of  other  malignancies  (17) .

It has been noted that plasma SH groups
are  suscep t ib le  to  ox ida t ive  damage  and

of ten  low in  pa t ien ts  suf fe r ing  f rom CHD
and rheumato id  a r th r i t i s  (18) .  Hence  the
es t imat ion  of  copper ,  ce ru lop lasmin  and
protein thiols may serve as an adjuvant for
the diagnosis  of  l iver  cancer .
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