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Abstract : The present study was designed to assess the levels of advanced
oxidation protein products (AOPP) and percent  hemolysis  ( that  indirectly
indicates the degree of membrane damage secondary to lipid peroxidation)
in colorectal carcinoma. Glutathione (GSH), total thiols and albumin were
measured  to  de te rmine  the  an t iox idan t  s ta tus .  Cons ider ing  the  dynamic
in te rac t ion  be tween  var ious  an t iox idan ts  in  the  body ,  we  measured  the
to ta l  an t iox idan t  ac t iv i ty  (AOA) .  Globu l in  was  measured  to  assess  the
inf lammatory response secondary to  oxidat ive s t ress .  Invest igat ions were
conduc ted  in  45  cases  o f  r ecen t ly  d iagnosed  p r imary  co lo rec ta l
adenocarcinoma. As control, 45 age and sex matched healthy persons were
chosen .  GSH was  es t imated  in  whole  b lood,  percent  hemolys is  in  RBC
suspens ion  and  o the r  pa ramete r s  in  p lasma .  We obse rved  a  ve ry  h igh
signif icant  increase (P<0.001)  in  AOPP,  percent  hemolysis  and a  highly
significant increase (P<0.01) in globulin in colorectal carcinoma. We observed
a very high significant decrease (P<0.001) in whole blood GSH, total thiols,
a lbumin ,  AOA and  a  s ign i f i can t  dec rease  (P<0 .05)  in  p lasma  GSH in
colorectal carcinoma. A very high significant negative correlation between
percent hemolysis and AOA and an apparent negative correlation between
total thiols and AOPP was seen in colorectal carcinoma. This demonstrated
oxidative stress,  decreased antioxidant status and secondary inflammatory

response in colorectal  carcinoma.
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INTRODUCTION

Reactive oxygen species (ROS) could be
important  causat ive  agents  of  a  number  of
human d i seases ,  inc lud ing  carc inoma (1) .
Thus ,  an t iox idan ts ,  which  de te rmine  the

degree of oxidative stress, represent a major
line of defense protecting overall health (1).

The antioxidant  status of  human plasma
is  dynamic and can be affected by various
fac tors ,  inc lud ing  d ie t ,  phys ica l  exerc i se ,
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chemotherapy or radiotherapy. Control group
comprised of 45 healthy individuals. 5 ml of
venous  b lood was  co l lec ted  in  vacuta iners
under aseptic condit ions from both patients
and  cont ro l s .  Al l  the  parameters  were
es t imated  by us ing sui table  s tandards  in  a
Sys t ronics  spec t rophotometer .

GSH es t imat ion  in  whole  b lood  and
plasma was done by Ernest  Beutler  method
(3) .  Percen t  hemolys i s  was  es t imated
by  modi f ied  method  of  Kar tha  and
Kr ishnamur thy  (4) .  The  o ther  parameters
were estimated in plasma. Total thiols were
estimated by G.L. Ellman method (5). Total
protein (TP) and albumin (A) were estimated
by  Biure t  method  (6) .  Globul ins  were
calculated by TP-A. Total antioxidant activity
(AOA) was est imated by Koracevic method
(7) .  Concentra t ion of  AOPP was  es t imated
by modified Witko method (8).

The s ta t is t ica l  analys is  was  done us ing
SPSS/PC+ (vers ion  11 .5)  sof tware .  Mann
Whitney U test and students unpaired t test
were done to determine the signif icance of
di f ference between means ,  Spearman’s  tes t
was  done  to  de te rmine  the  cor re la t ion
between two var iables .

RESULTS

The mean±standard deviation (SD) levels
of  parameters  ana lysed  a re  g iven  in
respec t ive  t ab les .  The  increase  in  percen t
hemolys i s  and  p lasma AOPP,  the  markers
of  ox ida t ive  damage  were  s ign i f ican t ly
increased in  colorecta l  carc inoma pat ients .
Percent  hemolys is  leve l  and  p lasma AOPP
levels showed a significant increase (P<0.001)
in  co lorec ta l  ca rc inoma pa t ien t s  when
compared to controls (Table I) .

injury and disease. The relationship between
total antioxidant activity of plasma, oxidized
pro te in ,  l ip id  hydroperox ides ,  to ta l  th io l
groups and GSH levels reflects the status of
oxidat ive s tress  and over al l  heal th.

Colorec ta l  ca rc inoma remains  today  an
impor tan t  cause  of  dea th  (2 ) .  To  eva lua te
the  ox ida t ive  damage  AOPP and  l ip id
hydroperoxide levels (measured indirectly by
de te rmin ing  the i r  capac i ty  to  induce
membrane  damage  to  e ry throcy tes )  were
es t imated  in  the  b lood .  The  an t iox idan t
s ta tus  was  eva lua ted  by  ana lys i s  o f  to ta l
thiol groups, GSH levels, albumin levels and
to ta l  an t iox idan t  ac t iv i ty  in  p lasma of
subjec ts .

Globul ins  increase  secondary  to  any
inf lammatory  response .  In  ca rc inoma the
oxida t ive  s t ress  due  to  f ree  rad ica l  in jury
can induce inflammatory response. Levels of
g lobul ins  were  es t imated  to  eva lua te  th i s
in f lammatory  response  secondary  to
oxidat ive s tress  in colorectal  carcinoma.

MATERIALS AND METHODS

This study was approved by institutional
ethical  review committee.  Informed consent
was  ob ta ined  f rom each  sub jec t  before
sample  co l lec t ion .  The  samples  were
collected from KMC Hospital, Jyothi Circle,
KMC Hospi ta l ,  At tavar  and  Government
Wenlock Hospital .

Blood was collected from 45 patients aged
be tween  30  to  70  years ,  bo th  male  and
female ,  who were  d iagnosed  to  have
co lorec ta l  adenocarc inoma on  c l in ica l  and
his topa tho log ica l  bas i s  and  who had  no t
undergone  any  t rea tment  by  surgery ,
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Whole  b lood  GSH,  p lasma to ta l  th io l ,
p lasma a lbumin and AOA levels  decreased
s ign i f ican t ly  (P<0 .001)  in  co lorec ta l
ca rc inoma pa t ien t s  when  compared  to
cont ro l s  (Table  I I ) .  There  was  a l so  a
significant decrease (P<0.05) in plasma GSH
in  co lorec ta l  ca rc inoma pa t ien t s  when
compared to controls (Table II).

The  p lasma g lobul in  l eve l  showed
s ign i f ican t  increase  (P<0 .01)  in  co lorec ta l
ca rc inoma pa t ien t s  when  compared  to
controls (Table III).

There  was  an  apparen t  nega t ive
correlation (r = –0.189) between plasma total
thiols and AOPP in the study group patients.
(Table IV).

TABLE I : Markers  o f  ox ida t ive  damage .

Plasma AOPP % Hemolysis
( m m o l / L )

Control 0.07±0.02 0.26±0.16
(n=40) (n=40)

Colorectal Carcinoma 0.18±0.18 1.33±1.02
(n=42) (n=45)

P value 0.001 0.001

n=number  o f  sample .

P=probab i l i ty  o f  chance  o f  s ign i f i cance  o f
d i f fe rence  be tween  two  means .

TABLE II : Non  enzymat ic  an t iox idan t  me tabo l i t e s  and  AOA.

Whole blood Plasma GSH Plasma total Plasma albumin Plasma AOA
GSH (mmol/L) ( m m o l / L ) thiols (mmol/L) ( g / d l ) ( m m o l / L )

Control 1.36± 0.33 0.23± 0.16 0.45± 0.05 4.83± 1.08 1.03± 0.26
(n=40) (n=40) (n=40) (n=45) (n=40)

Colorectal Carcinoma 1± 0.33 0.21± 0.23 0.28± 0.11 3.6± 1.24 0.84± 0.11
(n=45) (n=45) (n=45) (n=45) (n=45)

P value 0.001 0.001 0.001 0.001 0.001

n=number  o f  sample .

P=probab i l i ty  o f  chance  o f  s ign i f i cance  o f  d i f fe rence  be tween  two  means .

TABLE I I I : P lasma  g lobu l in .

Plasma globulin (mmol/L)

Control 3.6± 1.5
(n=45)

Colorectal Carcinoma 4± 0.9
(n=45)

P value 0.09

n=number  o f  sample .

P=probab i l i ty  o f  chance  o f  s ign i f i cance  o f
d i f fe rence  be tween  two  means .

Fur ther ,  the  p lasma AOA and  percen t
hemolysis  showed a s tat is t ical ly s ignif icant
(P<0.001)  nega t ive  cor re la t ion  ( r = –0.641)
be tween  them in  the  pa t ien t s .  (Tab le
IV).

TABLE IV : Cor re la t ion  in  co lo rec ta l  ca rc inoma.

% Hemolysis Plasma AOPP

Plasma r –0.64 Plasma r –0.19

AOA Total

n 45 Thiols n 42

P 0.001 P 0.23

r=spearman‘s  cor re la t ion  coef f i c i en t .

n=number  o f  sample .

P=probab i l i ty  o f  chance  o f  s ign i f i cance  o f
d i f fe rence  be tween  two  means .
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DISCUSSION

Free radicals are highly reactive species
that are involved in cellular damage and by
inducing DNA damage can contribute to the
conversion of normal cells to malignant ones
(1) .  ROS have  been  known to  p lay  an
impor tan t  ro le  in  the  in i t i a t ion  and
promotion of  mult i -s tep carcinogenesis  (1) .
The  increase  in  percen t  hemolys i s  in
colorectal  carcinoma pat ients  could be due
to the free radical induced lipid peroxidation
of  e ry throcy te  membrane  l ip ids .  L ip id
peroxidat ion induces  an eff lux of  oxidized
glu ta th ione ,  decreas ing  red  b lood  ce l l
glutathione,  leading to  a  reduced l i fe  span
for  the  e ry throcy te  (9 ,  10) .  Thus ,  the
enhanced erythrocyte l ipid peroxidation and
decreased  non  enzymat ic  an t iox idan t
act iv i t ies  observed in  colorecta l  carc inoma
patients indicate the potential  for  oxidative
injury to erythrocytes and their  membranes.

Tota l  p lasma th io l  compounds  inc lude
free amino thiols such as glutathione (GSH),
cysteine and homocysteine and protein bound
thiols ,  which are a natural  reservoir  of  the
reduc t ive  capac i ty  o f  the  ce l l .  The  mos t
signif icant  of  the mult i far ious roles  played
by  th io l s  in  v ivo  i s  the i r  func t ion  as
components  o f  the  in t race l lu la r  and
extracellular redox buffer (11). Thiol groups
(–SH) play a prominent  role in ant ioxidant
reactions and also in reactions of catalysis,
regu la t ion ,  e lec t ron  t ranspor t  and  those
preserving the correct  s t ructure of  proteins
(12).  The redox status of plasma thiols can
be  a  d iagnos t ic  ind ica tor  o f  d i f fe ren t
pathological states including carcinoma (11,
13).

The  presen t  s tudy  demons t ra tes  in
colorectal carcinoma patients,  a very highly
s ign i f ican t  decrease  in  to ta l  p lasma th io l s

and intracellular GSH. Plasma GSH was also
found  to  be  s ign i f ican t ly  decreased .  This
decrease  in  f ree  th io l  (p lasma GSH)  and
int racel lu lar  GSH hampers  the  S- th io la t ion
of  p ro te in  bound  th io l s ,  l ead ing  to
uninhibited,  increased irreversible oxidation
of protein bound –SH groups.

The di tyrosine-containing protein cross-
linking products formed due to oxidation of
amino  ac ids  by  ROS in  the  p lasma a re
des igna ted  as  advanced  ox ida t ion  pro te in
products  (AOPP).  AOPP are  predominant ly
aggregates of albumin damaged by oxidative
stress (14). The plasma AOPP level increased
s ign i f ican t ly  in  co lorec ta l  ca rc inoma.  The
nega t ive  cor re la t ion  be tween  p lasma to ta l
th io l s  and  AOPP observed  in  co lorec ta l
ca rc inoma ind ica tes  tha t  the  p ro te in
oxidation and hence AOPP increases as the
protective antioxidant activity of total thiols
dec rease .

Serum albumin acts  as  a  cytoprotect ive
an t iox idan t  o f  po ten t ia l  re levance  to
c i rcu la t ing  chron ic  lymphocyt ic  l eukemia
cells, lowers the oxidative stress and inhibits
spontaneous  and  reac t ive  ox idan t - induced
apoptosis in cancer (15). Albumin degradation
secondary  to  p ro te in  ox ida t ion  p lays  an
impor tan t  ro le  in  the  hypoa lbuminemia  of
the  cancer  pa t ien t  (16 ,  17) .  S tud ies  o f
e lec t rophores is  have  shown tha t  the  AOPP
peak  i s  a t t r ibu tab le  to  a lbumin  (18) .  The
signif icant  decrease in  level  of  a lbumin in
co lorec ta l  ca rc inoma could  be ,  a long  wi th
cancer cachexia (19, 20), due to the increased
ra te  o f  degrada t ion  of  such  ox id i sed  and
conformationally altered plasma proteins and
a lbumin ,  secondary  to  increased  ox ida t ive
s t ress  (14 ,  21 ,  22) ,  l ead ing  to  increased
AOPP.  The  s ign i f ican t  r i se  o f  g lobul ins
observed  may be  secondary  to  sys temic
inf lammatory  response  observed in  cancer .
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It also can occur as a part of compensatory
increased synthesis  (23).

The AOA is a dynamic equilibrium that
i s  in f luenced  by  the  in te rac t ions  be tween
each serum antioxidative constituent (7). The
cooperation of antioxidants in human serum
provides  grea te r  pro tec t ion  aga ins t  a t tacks
by free radicals  than any antioxidant  alone
(7).  The observed decrease in plasma AOA
in  co lorec ta l  ca rc inoma could  be  due  to
reduced activity of enzymatic antioxidant and
the i r  in te rac t ions  wi th  the  measured  non-
enzymatic antioxidants. There was significant
nega t ive  cor re la t ion  be tween  AOA and  %
hemolys i s  in  co lorec ta l  ca rc inoma.  This
indicated the  effect  of  dynamic interact ion
be tween  enzymat ic  and  non-enzymat ic

an t iox idants  in  prevent ing  the  pro te in  and
membrane  l ip id  damage.

Thus  the  resu l t s  o f  the  p resen t  s tudy
shows elevated oxidative damage and reduced
ant iox idan t  p ro tec t ion  in  co lorec ta l
carcinoma. It  can be clearly concluded that
there  i s  an  e leva ted  ox ida t ive  s t ress  and
increased  in f lammatory  response  in
co lorec ta l  ca rc inoma.  This  opens  a  new
avenue to study the prognostic and diagnostic
impl ica t ion  of  these  parameters  in  the
eva lua t ion  and  management  o f  co lorec ta l
ca rc inoma.  Fur ther  s tud ies  a re  needed  to
assess the effect of progression of colorectal
ca rc inoma,  i t s  s t ages ,  h i s topa tho log ica l
grades ,  surgery ,  chemotherapy  and
radio therapy on  the  above  parameters .
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