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STAPHYLOCOCCAL  CATALASE REGULATES ITS VIRULENCE AND
INDUCES ARTHRITIS IN CATALASE DEFICIENT MICE
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Abstract  :  To  f igure  out  whether  in  v ivo  express ion  of  Staphylococcal
catalase could correlate with the virulence and pathogenicity of the bacteria
in the catalase deficient Swiss albino mice. 3 Amino 1, 2, 4 triazole (ATZ)
(2 mg/g body wt) treated catalase deficient mice were infected with virulent
S. aureus and bacterial  burden, antioxidant enzyme levels were estimated
after 3, 5 and 10 days of infection. Arthritic scores and levels of serum uric
ac id  in  mice  were  a l so  de te rmined .  ATZ t rea tment  was  found  to  have
slowed down the clearance of bacteria from blood and their rapid elimination
from spleen. Increased tissue catalase activities in the spleen and liver of
ATZ pre-treated mice even after 5 days of infection suggested its bacterial
origin. It was further verified by zymographic analysis. Increased swelling
of joints was observed after 5 days of infection. Uric acid level was found
lesser  in  ATZ treated mice.  ATZ treatment  s lowed the bacter ial  passage
from blood with a lower t issue anti-oxidant enzymes leading to induction

of joint  inflammation.
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immedia te  impor tance .  Ci rcumstances
favorable to the staphylococci are contributed
by local conditions in the tissues where they
lodge (2). In order for S. aureus to initiate
invas ive  in fec t ion ,  i t  mus t  ga in  access  to
in te rna l  t i s sues  o r  vascu la tu re  o f  i t s  hos t
(3) .  Once inside the host ,  S.  aureus l ikely
undergoes  a  sh i f t  in  gene  express ion
resu l t ing  in  con t ro l led  produc t ion  of
v i ru lence  de te rminan ts  tha t  fac i l i t a te
in fec t ion  (4) .  The  bac te r ia l  components

INTRODUCTION

Staphy lococcus  aureus  (S .  aureus)  has
a lways  been  cons idered  a  human pa thogen
wi th  a  wide  a r ray  of  d i sease  condi t ions ,
ranging  f rom minor  sk in  abscesses  to  l i fe
threatening endocardi t is ,  os teomyel i t is ,  and
pneumonia  (1) .  Once  s taphylococc i  ga ined
access to the tissues, the bacteria must find
there  a  favorab le  env i ronment ;  the
oppor tun i ty  to  g row and  mul t ip ly  i s  o f



308 Sen   e t  a l Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(4 )

recen t  s tudy  we  have  demons t ra ted  the
intracellular survival of pathogenic S. aureus
in  mur ine  macrophages  cor re la t ing
the product ion of  catalase and super  oxide
d ismutase  (SOD) .  In te res t ing ly ,  we  found
that staphylococcal catalase and SOD combat
ROI  enabl ing  S .  aureus  to  pe rs i s t  wi th in
macrophages ,  inducing  loca l  inf lammat ion ,
caus ing  grea te r  induc t ion  of  se rum tumor
necrosis factor-α  (TNF-α)  and interleukin-6
( IL-6)  (14) .  Whether  inac t iva t ion  of  hos t
catalase (by 3 amino 1, 2, 4 triazole i.e. ATZ)
in  mice  resu l ted  in  enhancement  o f
v i ru lence ,  inc reased  co lon iza t ion  of  the
sp leen  or  b lood  of  mice  i s  a  per t inen t
question.  The present study was undertaken
to  inves t iga te  the  ro le  o f  ca ta lase  in  the
pathogenesis of staphylococcal infection, i ts
es tab l i shment  and  pers i s tence  lead ing  to
induction of  ar thri t is  in  mice.

MATERIALS AND METHODS

Bacter ia l  s tra in

Pathogenic Staphylococcus aureus (ICH-
757)  was  obta ined  f rom Ins t i tu te  of  Chi ld
Health,  Kolkata and was maintained in our
laboratory. ICH-757 was catalase positive and
coagulase negative. S.  aureus were cultured
in  nu t r ien t  b ro th  a t  37°C overn igh t  in  an
orb i ta l  ro ta ry  shaker .  F resh  bac te r ia l
cultures were made by diluting the overnight
bac te r ia l  cu l tu re  1 :100  in  f resh  nu t r ien t
broth and grown at 37°C with tumbling for
3 h .

A n i m a l s

Male Swiss albino mice, 6–8 weeks of age
with body weight 20±4 g were purchased from
loca l  reg i s te red  an imal  suppl ie r s  to  our
depar tment .  Upon  a r r iva l ,  mice  were
randomized  in to  p las t i c  cages  wi th  f i l t e r

and  secre ted  produc ts  tha t  a f fec t  the
pa thogenes i s  o f  S .  aureus  in fec t ion  a re
numerous  (5) .  The  complex  re la t ionsh ips
be tween  hos t  immuni ty  and  microb ia l
pathogenesis, the balance between protective
immuni ty  and  immuno-pa tho logy  and
strategies to exploit the many networks that
are involved in antimicrobial strategies have
been reported (6). 5 aureus is able to use a
number  of  immuno-avoidance  s t ra teg ies
dur ing  in fec t ion  (7) .  However ,  the  o rgan
specific immune response to staphylococcal
infect ion is  not  well  def ined.  Experimental
ev idence  ind ica ted  tha t  the  p roduc t ion  of
reac t ive  oxygen  in te rmedia tes  (ROI)
represen t  one  of  the  pr imary  mechanisms
utilized by host macrophages for limiting the
intracellular replication of the staphylococci
(8) .  Accordingly ,  the  s taphylococci  appear
to  be  wel l  equ ipped  to  dea l  wi th  the
exposure  of  ROI to  encounter  dur ing thei r
intracel lular  residence in  host  macrophages
(9). Staphylococci like many other organisms
rely on antioxidant defense mechanisms for
protection against oxidative damage (10).  A
prerequis i t e  fo r  the  success  o f  human
pa thogenic  s taphylococc i  i s  the i r  ab i l i ty
to  defend  aga ins t  ROI  e l i c i t ed  by  hos t
e f fec tor  ce l l s  dur ing  the  course  o f  an
infection (11).

Catalase is  known to detoxify hydrogen
peroxide (H

2
O

2
)  and was  proposed to  be  a

major  v i ru lence  de te rminant  in  S .  aureus
(12).  Thus oxidative stress resistance is  an
important factor in the abil i ty of S.  aureus
to  pers i s t  in  the  hospi ta l  envi ronment  and
so contribute to the spread of human disease
(13) .  Severa l  recen t  s tud ies  have  grea t ly
expanded  our  unders tand ing  of  the
cont r ibu t ion  of  the  enzymat ic  cons t i tuen ts
of  S.  aureus ant ioxidant  defense system to
protec t  agains t  oxidat ive  damage (9) .  In  a
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of a suspension of 107 macrophages/ml  and
10 7 bac te r ia /ml  in  Hank’s  ba lanced  sa l t
solut ion (HBSS)-gelat in  were incubated for
1h at 37°C under slow rotation. Phagocytosis
was stopped by transferring the tubes to the
crushed  ice  and  the  non- inges ted  bac te r ia
were removed by differential  centr ifugation
for 4 min at 110 xg and two washes at 4°C.
A suspension of 5×106 macrophages/ml that
had ingested S.  aureus was re- incubated at
37°C under slow rotation. At different t ime
after re-incubation,  intracellular kil l ing was
te rmina ted  by  t rans fe r r ing  the  tubes  in
crushed ice  and spinning the  cel ls  a t  4°C.
The macrophages were disrupted by adding
1  ml  o f  d i s t i l l ed  wate r  con ta in ing  0 .01%
bovine  se rum a lbumin  (BSA) ,  to  the  ce l l
pellet and vigorously shaking the suspension
on a vortex mixture for 1 min. The number
of  v iable  bacter ia  was  then determined by
pla t ing  10  fo ld  se r ia l  d i lu t ions  o f  the
suspensions into agar plates.  Serial  10 fold
di lu t ions  in  sa l ine  was  made over  a  range
assuming  tha t  a t  l eas t  one  d i lu t ions  wi l l
con ta in  be tween  100  and  1 ,000  v iab le
bacter ia  per  ml.  Aliquots  (0.1 ml)  of  the 3
h ighes t  d i lu t ions  were  p ipe t ted  on to  each
of 2 agar plates,  the plates were incubated
a t  37°C for  18–24  h ,  and  the  number  of
co lon ies  were  counted .  The  number  o f
v iab le  bac te r ia  per  ml  was  ca lcu la ted
from the mean numbers of the colony counts
of  dupl ica te  p la tes  o f  the  two h ighes t
dilutions, providing the plates contained <500
colonies.

The  bac te r ia  tha t  were  surv ived  a f te r
t ime  dependent  phagocytos i s  as  ob ta ined
from the pla tes  of  respect ive  re- incubat ion
times (plates of intracellular viable S. aureus
f rom the  above  exper iment )  were  fu r ther
cu l tu red  in  nu t r ien t  b ro th .

bonnets and saw dust bedding, followed by a
one-week  quaran t ine  per iod .  Mice  were
housed 8 per  cage with food and water  ad
l ib i tum.  Animal  ho ld ing  rooms were
main ta ined  a t  21  to  24°C and  40–60%
humidity with a 12h light dark cycle. Animals
were divided into 4 groups containing 8 mice
in each group; (A) Control, (B) ATZ treated,
(C) S. aureus infected, (D) ATZ treated and
S .  aureus  in fec ted .  Al l  exper iments  used
mice  as  accred i ted  by  the  Ins t i tu t iona l
Animal  Ethical  Commit tee .

Chemica l s  and  f ine  reagents

RPMI-1640 and FBS were purchased from
Hyclone, 1725 South Hyclone Road, Logan,
Utah 84321.  ATZ was purchased from ICN
Biomedica l s ,  Inc .  1263  South  Chi l l i co the
Road, Ohio 44202. BSA was purchased from
Sigma Chemica ls ,  S t .  Louis ,  MO 63178 ,
USA. All  other  reagents  were of  analyt ical
g rade .

Iso la t ion  o f  per i tonea l  macrophages  from
normal  mice

Murine  per i tonea l  macrophages  were
isolated as according to a method described
e lsewhere  (15) .  Br ie f ly ,  pe r i tonea l  f lu ids
of  the  mice ,  p rev ious ly  in jec ted
in t raper i tonea l ly  wi th  3% s ta rch  in  0 .9%
NaCl ,  3  days  p r io r  to  the  sacr i f i ce ,  were
col lec ted  and cent r i fuged.  The  ce l l  pe l le t s
were re-suspended in RPMI 1640-FBS (5%)
and  were  a l lowed  for  p las t i c  adherence .
Adheren t  ce l l s  were  co l lec ted  and  f ina l ly
suspended in RPMI 1640-FBS (5%).

Preparat ion  o f  v iru lent  S.  aureus  ( ICH-757)
from the  in trace l lu lar ly  surv ived  bacter ia

In t race l lu la r  k i l l ing  o f  S .  aureus  by
macrophages  was  de te rmined  as  descr ibed
by Leigh  et al (16).  Briefly,  equal  volumes
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in  v ivo  in fec t ion  to  mice

Intracel lular ly  survived cl inical  isolates
of  S.  aureus  ( ICH-757)  recovered af ter  90
min  re - incuba t ion  wi th  macrophages  were
fur ther  cul tured  and in jec ted  in t ravenously
(106 cfu/mouse of average body weight of 20 g)
via the tail vein in 0.1 ml saline to each of
the mice.  Control  mice received 0.1  ml  of
sterile saline through the tail vein. The mice
were moni tored dai ly .

Treatment  o f  mice  wi th  3  amino  1 ,  2 ,  4  t r iazo le
(ATZ)  and  in fec t ion  wi th  S.  aureus

Mice used in these experiments were wild
type  Swiss  a lb ino  mice  and  were  made
cata lase  def ic ient  by giving in t raper i toneal
inject ion of  2 mg of  ATZ in 0 .1  ml  sal ine
per g of body weight (17). After 24 h of ATZ
treatment ,  animals  were infected as  before.
Because of  the somewhat  subject ive nature
of the observations to be made, animals and
treatment  solut ions were provided coded to
the  inves t iga tor  who d id  the  scor ing .  The
code  was  made  known only  a f te r  the
observat ions  were  recorded.

in  v ivo  c learance  o f  bacter ia l  load  from b lood
and sp leen

At 0, 3, 5, 10 days post infection blood
was  co l lec ted  and  organs  were  d i ssec ted
asep t ica l ly .  The  b lood  f rom each  in fec ted
mouse was diluted and plated onto nutrient
agar .  Sp leens  were  exc i sed ,  weighed ,
homogenized, diluted in saline and plated in
nut r ien t  agar .  The  p la tes  were  main ta ined
at 37°C for 48 h and bacterial colonies were
counted .  Resu l t s  were  expressed  as  the
number  of  bac te r ia l  c fu /ml  of  b lood  and
spleen homogenate (18).

Tissue  homogenizat ion

Spleen  or  l iver  t i ssues  were  separa te ly

homogenized in 10 volumes of  50 m.mol/L
phospha te  buf fe r  (pH-7 .4)  on  ice  fo r  30 s
using a power driven polytron homogenizer.
The  homogena te  was  t rans fe r red  in to
centrifuge tubes and centrifuged at  9000 xg
at 4°C for 20 min. The supernatant was used
to measure antioxidant enzyme activi ty and
the amount of protein present. The cell free
homogena te  was  co l lec ted  and  s to red  a t
–80°C unti l  fur ther  use.

Assay  o f  ca ta lase  ac t iv i ty

Cata lase  ac t iv i ty  in  the  ce l l  f ree
homogena te  was  de te rmined  spec t ro-
photomet r ica l ly  (Analab ,  Japan)  by
measur ing  the  decrease  in  H

2
O

2

concentration at 240 nm. At time zero, 10 μl
of homogenate was added to 2.89 ml of 50
mM potass ium phospha te  buf fe r  (pH 7 .4)
taken in  a  quartz  cuvet te .  To i t  100 μ l  of
300 mM H

2
O

2
 was added and the reading was

taken at 240 nm for 3 min at an interval of
20 s. Catalase activity was expressed in terms
of m.mole/min.mg t issue protein (19).

Assay  o f  superox ide  d i smutase  (SOD)  ac t iv i ty

100 μ l  of t issue homogenate was mixed
with 1.5 ml of  Tris  EDTA-HC1 buffer  (pH
7.4),  then 100 μ l  of 7.2 mmol/L pyrogallol
was  added  and  the  reac t ion  mix ture  was
incubated at 25°C for 10 min. The reaction
was terminated after the addition of 50 μl of
1  m.mol /L  HCl  and  measured  a t  420  nm.
One uni t  was determined as  the amount  of
enzyme tha t  inh ib i ted  the  ox ida t ion  of
pyrogallol by 50%. The activity was expressed
as U/mg protein (19).

Electrophores i s  and  in  s i tu  s ta in ing  o f  ca ta lase

Elec t rophores is  was  per formed on  non-
dena tur ing  acry lamide  ge l s  us ing  the  Bio-
Rad Mini  sys tem wi th  Tr is /g lyc ine  buffer .
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Splenic homogenates of ATZ treated or non-
treated infected mice recovered after 5 days
and 10 days of infection were applied to 10%
bisacrylamide gels prepared with 1.5 M Tris
–HCl ,  pH 8 .0 .  Elec t rophores is  was  car r ied
out at 200 V. Catalase activity was visualized
on non-denaturing acrylamide gels following
the methodology as described by Woodbury
et  al  (20) .  After  electrophoresis ,  gels  were
washed  th ree  t imes  in  d i s t i l l ed  wate r  fo r
20 min and soaked in a solution of 0.015%
H

2
O

2
.  Act iv i ty  was  then  v i sua l ized  by

t rans fe r r ing  the  ge l s  to  a  so lu t ion  of  1%
fer r ic  ch lor ide ,  1% potassium ferricyanide.
Regions corresponding to  ca ta lase  ac t iv i ty
were determined as yellow bands on a green
background .

Clin ica l  eva luat ion  o f  morta l i ty  and  ar thr i t i s

Mice  were  g iven  in t ravenous  in jec t ion
(via the tai l  vein) with S.  aureus (106 cfu/
mouse  of  average  body weight  of  20 g)  as
descr ibed  prev ious ly .  The i r  l imbs  were
inspec ted  v i sua l ly  everyday .  Ar thr i t i s  was
defined as visible joint swellings of at least
one  jo in t .  To  eva lua te  the  in tens i ty  o f
arthritis a clinical scoring system of 0–4 for
each  l imb was  used  (21) .  0 :  no  swel l ing ,
1 :  mi ld  swel l ing ,  2 :  modera te  swel l ing ,
3:  marked swell ing,  4:  maximum swell ing.

Est imat ion  o f  serum ur ic  ac id  l eve l

Pro te in  f ree  f i l t ra te  f rom the  se rum
of  d i f fe ren t  g roups  was  a l lowed  to  reac t
wi th  the  u r ic  ac id  reagen t  con ta in ing
phosphotungs t ic  ac id  which  upon  reac t ion
with the uric acid gives blue colored complex
in  presence  of  sod ium carbona te  so lu t ion .
The  co loured  produc t  fo rmat ion  i s  due  to
reduction of phosphotungstic acid by uric acid
in alkaline medium. The reaction of uric acid
in  a lka l ine  so lu t ion  wi th  phosphotungs t ic

acid reagent  oxidizes uric acid to al lantoin
and itself is reduced to tungsten blue which
was measured at  620 nm (22).

Stat i s t i ca l  ana lys i s

One-way model I ANOVA was performed
to  ana lyze  the  d i f fe rence  be tween  mean
in t race l lu la r ly  surv ived  bac te r ia  fo r  the
experiments involving cfu count, for in vivo
clearance of  bacter ial  load from blood and
spleen.  For SOD and catalase assay,  serum
uric acid level one tailed Student’s t-test was
per formed to  ana lyze  the  s ign i f ican t
difference between means. A level of 0.05 is
considered to be significant.

RESULTS

Number  o f  in trace l lu lar ly  surv ived  bacter ia
af ter  one  hour  phagocytos i s  fo l lowed  by  t ime
dependent  re - incubat ion

Number of S. aureus (ICH-757) survived
af ter  in i t ia l  1 h  phagocytos is  by  per i toneal
macrophages followed by time dependent re-
incuba t ion  a t  37°C was  es t imated  by
determining bacterial  cfu count.  Number of
bac te r ia  surv ived  in t race l lu la r ly  ins ide
macrophages  af ter  90 min of  re- incubat ion
was  leas t  than 0  min,  30  min and 60 min
(P<0.05) of  re-incubation period suggesting
maximum kil l ing of bacteria by the murine
per i tonea l  macrophages  dur ing  tha t  per iod
(Fig. 1).

Clearance  o f  S.  aureus  ( ICH-757)  f rom the
sp leen  and  b lood  o f  in fec ted  mice

Mice were infected (in vivo) with 90 min
re-incubated intracellularly survived bacteria
( ICH-757)  and  the  bac ter ia l  burden  in  the
spleen (Fig .  2)  was  increased s ignif icant ly
after  10 days (P<0.05) of infection than in
the blood (Fig. 3) of infected mice. However,
pre t rea tment  o f  ATZ reduces  (P<0.05)  the
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Fig .  1 : Number  o f  in t race l lu la r ly  su rv ived  bac te r i a
after  one hour phagocytosis followed by t ime
dependent re-incubation.  S.  aureus (107 cel ls /
ml )  were  a l lowed  to  in te rac t  wi th  mur ine
peritoneal macrophages (107 cells/ml) init ially
fo r  1 h  and  then  were  re - incuba ted  fo r  the
t ime  ind ica ted .  Surv iva l  o f  S .  aureus  ( ICH-
757)  in  mur ine  pe r i tonea l  macrophages  was
de te rmined  us ing  d i lu t ion  p la te  coun t s .
Numbers  o f  su rv iv ing  bac te r i a  were
represen ted  as  c fu /ml  o f  macrophages .
Resu l t s  a re  shown as  means±SD (P<0 .05)
of  th ree  independen t  exper iments .

F ig .  3 : Bac ter ia l  dens i ty  in  b lood  when  normal  and
ca ta lase  de f i c ien t  mice  were  in fec ted  ( i .v . )
wi th  in t race l lu la r ly  su rv ived  S .  aureus
recovered af ter  90 min of  re- incubat ion with
macrophages .  Normal  and  ca ta lase  de f i c ien t
mice  were  in fec ted  wi th  the  90  min  re -
incuba ted  in t race l lu la r ly  su rv ived  S .  aureus
as  ment ioned  p rev ious ly  and  the  numbers
of  bacter ia  present  in  b lood af ter  zero ,  3 ,  5
and  10  days  o f  in fec t ion  were  es t imated  by
co lony  coun t ing  method .  Numbers  o f
su rv iv ing  bac te r i a  were  rep resen ted  as  c fu /
ml of blood. Results are shown as means±SD
(P<0 .05)  o f  th ree  independen t  exper iments ,

 S.  aureus infected,   ATZ treated and S.
aureus  in fec ted .

Fig .  2 : Bacter ia l  densi ty  in  spleen when normal  and
ca ta lase  de f i c ien t  mice  were  in fec ted  ( i .v . )
wi th  in t race l lu la r ly  su rv ived  S .  aureus
recovered af ter  90 min of  re- incubat ion with
macrophages .  Normal  and  ca ta lase  de f i c ien t
mice  were  in fec ted  wi th  the  90  min  re -
incubated  S.  aureus  as  ment ioned previous ly
and  the  numbers  o f  bac te r i a  p resen t  in  the
spleen after  0,  3,  5 and 10 days of infection
were  es t ima ted  by  co lony  coun t ing  method .
Numbers  o f  su rv iv ing  bac te r i a  were
represented as  cfu/mg of  spleen.  Resul ts  are
shown as  means±SD (P<0 .05)  o f  th ree
independen t  exper iments .   S .  aureus
i n fec ted ,   ATZ t rea ted  and  S .  aureus
i n f e c t e d .

Cata lase  ac t iv i ty  in  the  sp leen  and  l iver

As ATZ pre t rea tment  lowers  t i s sue
cata lase  level  we are  in teres ted to  see  the
catalase act ivi ty in the l iver  and spleen of
S .  aureus infected mice.  The result  showed
decreased  ca ta lase  con ten t  in  the  ATZ

bacterial burden in the spleen after 10 days
of S. aureus infection than that in the blood
(Figs. 2 and 3).

t rea ted  un infec ted  sp leen  than  tha t  o f
uninfected control. The catalase activity was
highest in the spleen of both ATZ non-treated
and ATZ-treated plus infected group after 5
days of infection (P<0.05) which decreased
afterwards. However in the ATZ treated plus
infected group the level of catalase activity
was found lower (P<0.05) compared with the
ATZ non- t rea ted  p lus  in fec ted  group
(Fig .  4A) .  We have  found  an  iden t ica l
pattern of results in case of catalase activity
of liver in all  the four experimental groups
(Fig. 4B).

SOD act iv i ty  in  the  sp leen  and  l iver

SOD ac t iv i ty  in  the  sp leen  was
significantly (P<0.05) higher after 5 days of
S .  aureus  in fec t ion  than  the  un infec ted
cont ro l  g roup .  Pre t rea tment  o f  mice  wi th
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the liver than the ATZ non-treated S. aureus
infected mice (Fig. 5B).

Cata lase  ac t iv i ty  s ta in ing

Fig.  6  shows the nat ive polyacrylamide
ge l  e lec t rophore t ic  (PAGE)  ana lys i s  o f
catalase activities in extracts of ATZ treated
and non treated S. aureus (ICH-757) infected
spleen in 8% native polyacrylamide gels.  A
s ing le  band  was  observed  in  each  of  the
four lanes of gel.  A prominent yellow band
wi th  increased  in tens i ty  on  dark  green
background confers the presence of catalase
in the lysates. Increased catalase expression
in  the  sp leen  a f te r  5  days  of  ICH-757

Fig.  4 : Ca ta lase  ac t iv i ty  in  the  sp leen  and  l ive r .
Catalase  act ivi ty  in  the  spleen (A) and l iver
(B)  of al l  the four  experimental  groups were
es t imated  as  ment ioned  in  the  methodology .
Ca ta lase  ac t iv i ty  was  expressed  in  t e rms  o f
m.mole /min .mg of  sp leen  and  l ive r  t i s sues
respec t ive ly .  Resu l t s  a re  shown as
means±SD (P<0 .05)  o f  th ree  independen t
exper iments .   Con t ro l ,   ATZ t rea ted ,  
S .  aureus  in fec ted ,   ATZ t rea ted  and  S .
aureus  i n fec ted .

4(A)

4(B)

ATZ was unable to reduce the SOD content
in  the  sp leen .  However ,  ATZ pre t rea tment
fo l lowed by  S .  aureus  in fec t ion  reduced
(P<0.05) SOD content in the spleen than the
ATZ non- t rea ted  S .  aureus  in fec ted  mice
(Fig. 5A)

SOD activi ty was signif icantly (P<0.05)
higher in the liver of S. aureus infected mice
than  the  un infec ted  con t ro l  g roup .  No
significant alteration in the liver SOD level
was  found  a f te r  ATZ t rea tment .  However ,
ATZ pre t rea tment  fo l lowed  by  S .  aureus
infect ion reduced (P<0.05)  SOD content  in

Fig .  5 : SOD ac t iv i ty  in  the  sp leen  and  l ive r .  SOD
activity in the spleen (A) and liver (B) of all
the  four  exper imenta l  g roups  were
es t imated  as  ment ioned  in  the  methodology .
SOD ac t iv i ty  was  expressed  in  t e rms  o f
Uni t  o f  SOD/mg of  sp leen  and  l ive r
t i s sues  r e spec t ive ly .  Resu l t s  a re  shown as
means±SD (P<0 .05)  o f  th ree  independen t
exper iments .   Con t ro l ,   ATZ t rea ted ,

 S .  aureus  in fec ted ,   ATZ t rea ted  and
S .  aureus  in fec ted .

5(A)

5(B)
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infect ion was observed in  the  zymographic
ana lys i s  o f  the i r  c rude  lysa tes  (Lane  1)
which was reduced after 10 days of infection
(Lane  3) .  ATZ pre t rea tment  reduced  the
catalase content in the spleen more after 10
days (Lane 4) compared to 5 days (Lane 2) of
S. aureus infection (Fig. 6).

Fig .  6 : Zymographic  ana lys is  of  ca ta lase  ac t iv i ty  in
the  sp leen  o f  normal  and  ca ta lase  de f i c i en t
mice.  Lane 1,  cata lase  act ivi ty  in  the  spleen
af t e r  5  days  o f  S .  aureus  i n fec t ion  in  ATZ
non- t rea ted  mice ;  Lane  2 ,  ca ta lase  ac t iv i ty
in  the  sp leen  a f t e r  5  days  o f  S .  aureus
in fec t ion  in  ATZ t rea ted  mice ;  Lane  3 ,
ca ta lase  ac t iv i ty  in  the  sp leen  af te r  10  days
of  S .  aureus  i n fec t ion  in  ATZ non- t rea ted
mice ;  and  Lane  4 ,  ca ta la se  ac t iv i ty  in  the
sp leen  a f t e r  10  days  o f  S .  aureus  in fec t ion
in  ATZ t rea ted  mice .

TABLE I : Se rum ur ic  ac id  concen t ra t ion .
Inc reased  se rum ur ic  ac id  concen t ra t ion
(P<0.05)  was  found in  S.  aureus  infec ted
mice  compared  to  un in fec ted  con t ro l
group.  However ,  ATZ t reatment  could not
reduce serum uric  acid level  s ignif icant ly.
Ur ic  ac id  con ten t  in  the  se rum of
un in fec ted  con t ro l ,  ATZ non- t rea ted
in fec ted  and  ATZ t rea ted  in fec ted  g roup
i s  expressed  as  mg/ml  o f  se rum.  Resu l t s
a re  shown as  means±SD (P<0 .05)  o f
th ree  independen t  exper iments .

Days Control S. aureus ATZ-treated
after infected and S. aureus
infect ion infected

Z e r o 28 .5±8 .5 26 .7±5 .6 22 .7±1 .4
3 35 .9±1 .8 44 .6±5 .4 35 .3±2 .3
5 29 .8±5 .3 52 .1±2 .5 47 .4±2 .3
1 0 19 .1±2 .0 55 .1±1 .5 53 .5±2 .5

Values  a re  shown as  means±SD (P<0 .05) .

TABLE I I : C l in ica l  eva lua t ion  o f  a r th r i t i s .

Ar th r i t i s  was  de f ined  as  v i s ib le  jo in t
swe l l ing  o f  a t  l eas t  one  jo in t .  The
ar th r i t i c  index  was  cons t ruc ted  by
add ing  the  scores  f rom a l l  4  l imbs  fo r
each  an imal .  Accord ing  to  the  score ,
0 :  no  swe l l ing ,  1 :  mi ld  swe l l ing ,  2 :
modera te  swe l l ing ,  3 :  marked  swe l l ing ,
4:  maximum swel l ing.  The resul t  showed
tha t  the re  was  an  inc rease  in  the
swel l ing  o f  jo in t s  in  bac te r i a  in fec ted
mice  a f te r  3  days  of  in fec t ion  compared
to  the  con t ro l  g roup  o f  mice  which
advanced progress ive ly  wi th  the  increase
of  pos t  in fec t ion  t ime .  In  case  o f  ATZ
pret rea ted  S.  aureus  infec ted  mice ,  there
was  marked  swe l l ing  a f t e r  5  days  and
10 days of infection compared to the ATZ
non- t rea ted  in fec ted  mice .

Name of 0 day 3 days 5 days 10 days
group

R L R L R L R L

Control-ankle 0 1 1 0 0 1 1 1

Contro l -knee 0 0 1 1 0 1 1 1

Control-elbow 1 0 0 1 1 1 1 1

Control-wrist 0 0 1 1 1 1 0 1

S. aureus
Infected-ankle 0 0 1 2 2 1 4 3

S. aureus
Infected-knee 0 1 1 0 1 1 3 4

S. aureus
Infected-elbow 0 0 2 3 2 4 4 3

S. aureus
Infected-wrist 2 0 0 2 2 2 2 3

ATZ Pretreated
S. aureus
Infected-ankle 2 0 3 4 3 4 3 3

ATZ Pretreated
S. aureus
Infected-knee 1 0 1 1 1 1 3 4

ATZ Pretreated
S. aureus
Infected-elbow 0 0 2 3 2 2 3 4

ATZ Pretreated
S. aureus
Infected-wrist 0 1 1 0 2 3 4 4

R-Right; L-Left

Serum ur ic  ac id  l eve l

Uric acid level was significantly (P<0.05)
increased in the serum of S. aureus infected
mice as compared to uninfected control group
(Table I).
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Assessment  o f  ar thr i t i c  index

The  resu l t  showed tha t  the re  was
increased  swel l ing  of  jo in t s  in  S.  aureus
infected mice after 5 and 10 days of infection
compared to uninfected control group (Table
II). In case of ATZ pretreatment followed by
S.  aureus infect ion,  there  was also marked
joint swelling after 5 and 10 days of infection
compared  to  the  ATZ non- t rea ted  in fec ted
group .

DISCUSSION

Staphylococcus aureus like other virulent
bac ter ia  somet imes  manage  to  surv ive  and
multiply within the host  cel ls  by impairing
the  hos t ’ s  na tura l  defense  mechanism and
these  in t race l lu lar ly  survived bacter ia  may
be  more  v i ru len t  and  lead  to  pa thogenic
effects in vivo. In the present study we use
those intracellularly survived bacteria for in
vivo infection to catalase deficient mice.

Ef fec t ive  phagocyt ic  ac t iv i ty  has  been
observed  for  the  mur ine  per i tonea l
macrophages  a t  90 min re- incubat ion t ime.
Leas t  c fu  count  o f  the  in t race l lu la r ly
surv ived  S .  aureus  af te r  90  min  of
re - incuba t ion  sugges t s  the  maximum
int race l lu la r  k i l l ing  ac t iv i t i es  to  have
occurred by that time. However, we did not
extended the re  incubat ion t ime beyond 90
min. So the fate of the bacteria after 90 min
re-incubation time cannot be visualized from
this study. Thus the gradual decrease in the
number  of  in t racel lu lar ly  survived bacter ia
a f te r  d i f fe ren t  re - incuba t ion  per iod
may suggest that the phagocytic capacity of
the murine peritoneal macrophages for ICH-
757  increases  wi th  the  increase  o f  re -
incubat ion t ime.  The Gram s ta in ing of  the
intracellularly survived bacteria showed the
iden t ica l  fea tures  as  tha t  o f  the  mother
s t ra ins  sugges t ing  the  p resence  of  same

viable  bac te r ia  in  the  re  incubated  p la tes .
But  these  surv ived  bac te r ia  may  have  the
h ighes t  v i ru lence  proper ty  s ince  they
overcome the  hos t ’ s  immune  sys tem for
longer  period.

We have reported that the intracellularly
survived bacteria recovered after 90 min of
re - incubat ion  were  found  more  v i ru len t  in
the sense to nullify the toxic effects of H

2
O

2

by  express ing  more  ca ta lase  (14) .  So ,  we
a t tempted  to  de l inea te  whether  these
bac te r ia  cou ld  po ten t ia te  in f lammatory
response  in  the  in  v ivo  condi t ion  when
animals  were  made  ca ta lase  def ic ien t .  We
were  a l so  in te res ted  to  know whether
bacterial  catalase plays any significant role
in  the  in  v ivo  s taphylococcal  pathogenes is
ul t imate ly  leading to  ar thr i t i s .

I t  i s  no tab le  tha t  S .  aureus  burden  in
the spleen was highest when recovered from
catalase deficient mice 3 days after infection
and i t  was  decreased  wi th  t ime.  However ,
the  bac te r ia l  dens i ty  in  the  sp leen  was
increased gradually in ATZ non-treated mice.
10 days after infection, the S. aureus density
in  sp leen  of  ATZ-non  t rea ted  mice  was
severe ,  whi le  in  ca ta lase  def ic ient  mice  i t
was  la rge ly  reso lved  a f te r  10  days  o f
infect ion.

Al though  the  ca ta lase  def ic ien t  mice
cannot  e f fec t ive ly  c lea r  the  bac te r ia l
density even after 10 days of infection, the
bac te r ia  were  mos t ly  c lea red  f rom the
blood 10 days af ter  infect ion in ATZ non-
t rea ted  mice .  Therefore ,  sp leen  of  normal
mice  was  more  severe ly  a f fec ted  10  days
af te r  in fec t ion  than  mice  def ic ien t  in
ca ta lase .  We assume tha t  ca ta lase  in  the
ATZ non- t rea ted  in fec ted  mice  kep t  the
organism f rom k i l l ing  themse lves  thus
permi t t ing  e labora t ion  of  add i t iona l  tox ic
subs t ances .
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ATZ ef fec t ive ly  inh ib i t s  the  ca ta lase
activity in solid tissues most prominently in
sp leen  than  in  the  l ive r  as  compared  to
uninfec ted  cont ro l  mice ,  which  was  a l so
suppor ted  by  prev ious  s tudy  (17) .  We
inhibited the tissue catalase activity by pre-
treatment of mice with ATZ and subsequent
S .  aureus  in fec t ion  s t i l l  inc reased  the
catalase activity in spleen and liver with the
increase of t ime being highest  after  5 days
of infection. The level of catalase activity in
the  ATZ t rea ted  in fec ted  mice  though
somewhat lower compared to the ATZ non-
t rea ted  in fec ted  group  s t rongly  sugges ted
their  bacter ia l  or igin .

A la rge  number  o f  s tud ies  have
demonst ra ted  the  protec t ive  ef fec t  of  SOD
in  var ious  models  o f  endotox ic  shock;
fur thermore  there  i s  a  l a rge  amount  o f
evidence to show that production of reactive
oxygen  spec ies  (ROS)  such  as  superox ide
anion, H

2
O

2
, and hydroxyl radical, occurs at

the si te  of  inflammation and contr ibutes to
t issue damage.  To protect  the  t issues  f rom
these ROS, t issue SOD converts superoxide
an ion  to  H

2
O

2
 which  i s  subsequent ly

e l iminated  by  t i ssue  ca ta lase .  But  as  ATZ
trea tment  inh ib i ted  the  t i s sue  ca ta lase
activity therefore, H

2
O

2
 generated during the

tissue SOD activity started to be accumulated
which inhibited further SOD release by the
t i s sue  a f te r  a  ce r ta in  t ime .  There fore ,  the
enhanced t issue SOD act ivi ty  in  both l iver
and spleen after 5 days of S. aureus infection
in catalase deficient mice strongly points to
i ts  bacter ial  or igin.

From the catalase activity staining there
is  h igher  ca ta lase  express ion  in  ATZ non-
treated infected spleen after  5 and 10 days
of  infect ion which was reduced in  case  of
ATZ pre- treated group as  evident  f rom the
band  in tens i ty  sugges t ing  the  ca ta lase
conten t  a re  f rom bac te r ia l  o r ig in .  I t  a l so

suggests  that  S.  aureus release catalase for
survival  in host  cell .

Ar thr i t i s  i s  a  h igh ly  and  rap id ly
des t ruc t ive  hematogenous ly  spread  jo in t
d i sease  in  which  there  i s  accumula t ion  of
synovial  f luid at  the joint .  After  S.  sureus
in fec t ion ,  ac t iva ted  macrophages  p roduce
cy tok ine  media tors  tha t  may  t r igger
in f lammat ion .  Our  resu l t s  showed tha t
marked joint  swell ings were evident  in  the
S .  aureus  in fec ted  mice  compared  to  the
uninfec ted  cont ro l  mice  a f te r  3  days  of
infection which progressively increased with
t ime .  However ,  in  ATZ t rea ted  mice
s ign i f ican t  jo in t  swel l ings  were  very
prominent after 5 days of bacterial infection
compared  to  the  ATZ non- t rea ted  in fec ted
mice which also was shown to increase with
the increase of time. There is hyperuricamia
af te r  S.  aureus  in fec t ion  wi th  respec t  to
uninfected control also corroborates with the
enhanced joint  swell ing after  3 and 5 days
of infection. However, treatment of ATZ was
unable to reduce significantly the serum uric
ac id  l eve l  a f te r  S .  aureus  in fec t ion .  Jo in t
in fec t ion  caused  by  S .  aureus  has  been
repor ted  (23) .  There fore ,  impai red  hos t
defense mechanisms due to the inhibition of
t i s sue  ca ta lase  may  cause  severe  jo in t
in fec t ion  tha t  may  be  recognized  as  r i sk
factor for bacterial arthritis. Previous studies
have also supported that injection of virulent
S .  aureus  may induce  loca l  in f lammat ion
due to elevated IL-6 and TNF-α which could
a l so  reach  a t  i t s  peak  a f te r  3  days  o f
inoculation ultimately leading to severe joint
inflammation (24).
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