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Tile act ivity of hI& ’p ~iL I c  ~‘rux I 50111:1 1 ( I I z y I n ( .’U , cat  a I ~I~ ;c , u r a t  c’

oxidase , 1)— amino ac Id ox [dast’ , i iy dro xy :ic Ed ox idase , and c ar n it in c

acetyl t r ansfer ase  W e l L ’  ser j ai l  y measur ed f u l l  ow in g  a tu r p ( ’n r  I n c— I n d u c e d

s t e r i l e  i n f l  anun at ory  .1 c’s ion in i-a ts  . T u e  e n su l  og depress  ion in p c ’ruxis oma l

enzyme ac t iv i t i e s  was shown to be t em p o r a l l y r e l a t e d  to development of the

acute in f l ammatory  response i n dic a t i n g  th at  dcpre ssj on  of peroxi soma l

a c t i v i t y  is a n o n s p e c i f i c  host response to i n f l a m m a t i o n .

Measurements  of the  r a t e  of deg rada t ion  and s y n t he s i s  of ca ta lase

showed tha t  the decrease in cata .lasc  a c t i v i t y  r e su l t s  f rom a 60 per cent

decrease in i t s  rate  of synthes is .  These data  suggest that  dur ing  acu te

in :laminat ion , hepatic peroxisomal p ro te in  syn t h e s i s  may be expendab ]e  or

subordinate to synthesis and release b y the l iver  of acu te—phase  serum

proteins .

Hepatocytes  i so la ted  f rom t u r p e n t i n e — t re a t e d  ra ts  showed , r e spec t ive l y ,

decreased and increased capac i ty  for  li pid o x i da t i o n  and f a t t y  acid

e s t e r i fi c a t i o n .  These r e su l t s , w h i c h  d e m o n s t r a t e  the ex i s t ence  of an

Inverse re la t ionsh ip between hepa t Ic perox I somn al conten t and 11 p id

metabol ism du r ing  i n f l a m m a t i o n , are ana] .ogotis to  the  known r e l a t i o n s h ip

between l iver peroxisoma l p r o l i fer a t i o n  and d rugs  w h i c h  l ower serum

choles te ro l  and t r i g l y c e r i d e s .

Add ! t J ona I key words : N :I f e rn  p i t  , e l o l l  b r a t  t’ , l iVpt )  I i p i dciii i c  (frogs ,

acu t e—p hase p r o te i ns , I lv t ’r  cc l  I , I n F e c t  l o t , .

-~~~~~ -~--.—- -_ ‘.—-. — --~~ . ~~~.
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i l ie  maine l~~rox I sotiw desi g nat e s  :1 spec [a I t ype  of m t  racel l ul ar

r e sp ir at o r y  p a r t i c l e  c h a r a c t e r i z e d  b y the  associa t ion of one or more 112 02

gener at  ing  oxid : i ses  w i t h  large amounts  of ca t al : i se  (16).  I n  a recent

b ioche : : i ca l  and m o rp h o n i ct r i c  s tudy  we reported t h a t  pneumococcal sepsis

caused a marked reduction  in the number  of peroxisomes of r at  l iver  ce J i s

and in the a c t i v i t y  of two marker enzymes , catalase  and u r at e  oxidnsc (8) .

A decrease in cata.l.asc a c t i v i t y  has also been shown to accompany

subcutaneous i n j u r y  (34 ) and hepa tect omy ( 2 3 ) ,  and whi le  the l a t t e r  a l s o

induces a concomitant  loss in ac t iv i ty  of other peroxisomal enzymes , i t  is

not known if hepat ic  depression of peroxisomal enzymes represents  a

genera l ized  nonspecif ic  response of the host to in f lammatory  s t ress .  In

the present  s tudy ,  a s ter i le  inf lammatory  lesion was induced by subcutaneous

in jec t ion  of tu rpen t ine  in normal r a t s  as well as in ra ts  t r ea t ed  w i t h  thc

percixisomal p r o l i f e r a t i n g  d r u g ,  na fenop in. The ac t iv i ty  of hepat ic

perexisomal enzymes were then serially measured and the resu l t s  temporal l y

re lated wi th  expression of known acu t e—p hase r eac tan t s .  The r e su l t ing

p a t t e rn  of change in the ac t iv i ty  of peroxisoinal enzymes was found to he

consis tent  wit1~ development of the acute  i n f l a m m a t o r y  response , sugge s t ing

t h a t  depress ion of pcrox lsomal a c t i v i t y  Is another  n o n s p e c i f i c  host response

to i n f l a m m a t ion.

~-.rtI1e t h e  decrease in p er o x i s o m i i i l  enzyme a c t i v i t y  fol  l o w i n g  t i s su e

ln j u r y  has been corre la ted  w i t h  a decrease in enzyme p r o t e I n  (24 , 3:3 ) i t  ~~

not known if  the change rt ’pr ( ’sent s dcc re:isc’d sy n t he s i s , i n c  r t a s e d

degr ida L ion , or b o t h  • hk ’nec , k i n et  Ic mt ’:I su i t ’n ic l l  t i; of hcp :i I Ic  ea t  ; ih  ase

dc Vt ~i a t  I on and synt  lie is were nuidc. ’ its i n  g , fo r  t lie lo rnie r

a l l ! I soh ;r ol ly  I : i i ’ ’t ani I dt ’ t C ) h i  tic k c:i t a I a se syl) I lit’s I ( 6 1 )  $ ;ind fo r t lie

----.- .- .- -- --~- . .,---__- —rn- .- . 
_
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1:1 t t ~‘r , ; t i n  u ni t  r I :izu I e to i i s t e  I I v a t  ‘ sp& ’c. 111 ca l l  y p re—e xis t  l u g  cat  a 1 ase (41)

R e s u l ts  hid ica th a i  the  decrease  In  e;iial ase act i v i t y  d u r i n g  acu te

i n f l am m at i o n  s tems p r i m a r i l y  f r o m  reduced synthesis  of the enzyme .

S ince  a ro le  f o r  per ox i sulnL’s in l i p id metabolism has been proposed

(4 , 15 , 43 ) ,  h epa tocy tes  were isolated from control and t u r p e n t i n e — t r e a t e d

rats and their  capac i ty  for  f a t t y  acid oxidation and es ter i f ica t ion evaluated .

Results  are discussed w i t h  respect to known a l te ra t ions  in lipid metabol ism

during infect ion and i n f l a m mat i o n .

MATERIALS AND METHODS

ANIMALS AND SAIIPLI 1~REP ARATJ ()~ S

Male , Fisher—Dunning ra t s  weighing  200—2 50 gin.,  housed In

l i g h t— t e m p e r a t u r e — c o n t r o l l e d  qua r t e r s , were fed rat chow and water  ad

libitum. Rectal temperatures were monitored twice daily with a Yellow

Springs Telethermomet.er. Rats were inoculated subcutaneously, at the

nape of the neck, with turpentine at a dose of 2.5 inl ./kg. body weight.

Control rats , designated Day 0, were killed within 15 m m .  following the

Injection of turpentine . The remaining rats were killed , in groups of

five, at selected 24—hour  intervals. For collection of tissue samples,

rats were anesthetized with hlalothane (Averst Laboratories), the

abdominal c a v i t y  was opened and 3 to 4 ml . of blood were collected from

the i n f e r i o r  vena cava by ven i p un c t u re  w i t h i  a h epa r in ized  syr inge . An

al iq u o t  of blood was t ak en  for  to ta l  and d i f f e r e n t i a l  leukocy te  C o u n ts ,

whi l i e  the  rena in  i iu ~ hi  ood was i tinned I a tel y coo led , cent  r I [uged and the

resul t ing  P lasma ~u l ) s t ’i i i i c i t  t I y :i :-;s;i ~‘i’d for  en zynia t ic act  [vi t i t t ’s , t race

meta ls  and u 2
—ni a c ro let opr o i c  I f l .  ‘f lue l iv e r  was excised , r insed  in 0.9 per

cent N ;tC I , we I g fwd and a pe rt  I tin h nnogen I zt ’d In 3 Vt) 1 01111’s e f 0.9 per cen t

• 

~~~~~— 
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In a s e p a r a t e  s tud y ,  comp le it! i n c  topsy and ilil  C r oscol) I t  ex am I n at  ions

were per formed on groups of three ra t  s fo r  up to 72 hours a f te r  t u r p e n t i n e  
C

i no c’u 1 at i on.

CIIEM1 CAL ANI) EN ZYME_ ANALYSES

Hepatic catalase activity was assayed speer rop h o tom e tr i c a l ly at 240 nun

by measuring the rate of 1(
202 

decompos i t ion  (28) .  The f i r s t — o r d e r  ra te

constant was calculated and converted to micromoles of 11202 concentra t ion

of 37.5 pmoi e /3  ml .  of react ion m i x t u r e .  Ura te  ox idase was assayed in

borat e—MCi b u f f e r , pH 9.0 , by f o l l o w i n g  the  ox ida t ion  of ur ic  acid at 292

nun (26 ) ;  D— amino acid oxidase and hy droxy acid oxidase were measured In

sodium pyrophosphate b u f f e r , pH 8.6 , using D—alanine and gi colate as

substrates, respectively. The resul t ing  u— k e t o act d s  ~.ere then quan t i t a t ed

by a reaction with 2—4—din i t r op heny l. hy dra~i i n c  ( 2 6 ) .  Carn it ine—dependent

acety it r ans ferase  a c t i v i t y  was de te rmined  by f o l l o w i n g  the thiol  reagent ,

5’ , 5’ — d lt h i o— h i s  ( 2— n i t r o hen z o a t e ) ,  coupled release of CoA— Sh1 at 412 nm

(29) .  Peroxisomal enzyme a c t i v i t i e s  are reported in m i l l i u n i ts /n an o m o l e s

of substrate  converted per mi l l ig ram of p ro tein  per m i n u t e .

Plasma z inc  and Iron (36) c o n c e n t r a t I o n s  were d e t e r m i n e d  by atomic

absorption spec t ropho tome trv .  Lysozynic levels were measured by the

lysop la te  method of Ossernian and Law lor  (35) wli i le ~— gl ucu i r on idas e  a c t i v i t y

was determined as described by Catuo n I (‘ci and i l lr d (6) . n~,— M a c r o f et o p r o t e in

was d e t e r m i n e d  by the  immunoprec I p I t  a t  (in assay of We i ner and B en j a m in  (49)

Prote in  coneent r at  Ions were asscscc’d b y an no t omit& ’d l.owry p rocedure

u si n g  bovine  serum a l b u m i n  ( 135A) as t anda rd ( 2 7 )

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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N afen op in  t r ea t ed  r a t s  were m a i n t a i n e d  on a d i e t  of powdt ’ i c’d r at  chow

c o n t a i nI n g  0.1 per cent (w/w)  n a f en op th for  1 week pr ior  to use. 3 — A m i n o — I ,

2 , 4 , — t r i a zo l e  (AT) was g iven as an aqueous (50 nig. /iiil . ) i nt r ap er l  tonen i

in jec t ion  at a dose of 2 mI ./ 100 gm. body weigh t .  So lu t ions  of

• ai lylisopropy iacetamide (AlA) , 25 mg ./ml . water , were adminis tered twice

daily at a dose of 1 mi./ iO0 gun . bod y wei gh t .  Where appl icable , t u r p e n t i ne

was given subcutaneously 12 hours after the initial injection of MA and

coincident with AT.

PREPARATION OF SINGLE CELL SUSPENSION OF IIEPAT OCYTES

ilepatic parenchyma l cells (HPC) were isolated from n embuta l  (50 m g . / l 0 O

gun. body weight)  anesthetized rats by in s i tu  p e r f u s i o n  of a solut ion of 0 .03

per cen t collagenase (Type II , Wo r th ington Biochemicals) ,  1.5 per cent  f a t t y

acid f ree BSA (Fract ion V , Sigma ) and 50 pg ./ml . Centamicin (Sch ering Cc~r p . )

4-fIn Ca —free  krebs—lien seleit bicarbonate (K—Il ) b u f f e r  pH 7 . 4 .  The p e r f u s i c n

and subsequen t processin g of the liver was acco rd i n g  to the method of lk r r v

(3) .  HPC v i a b i l i t y  ( typ ica l ly 85—90 per cent viable) was assessed by t r v p : t n

blu e exclusion and the concentration of cells was adjus ted  to 3.5 x 10 ’

HPC/m l .  in K— Il b u f f e r  conta in ing  50 pg ./nu l . Centamicin .

L1PII) METABO I SM

The metabolism of fatty acids, comp lexed at a molar r a t i o  of 2:1 w i t h

ESA was monitored by measuring their incorporat:ion into .celiular li pid s

and o x i d a t i o n  to CO2.  I lepn tocy t e s  (3.5 x io6 in 1.5 ml. K—Il buffer were

Incubated In polypropy lene t ubes wl. t ii 2 ,~~i. of the  [l~~~
4

CJ labeled f a t t y

acids. The reaction mixtures were gassed for 15 seconds with a mixture i f

95 per cent  0
2 

and 5 per cent CO
2 , 

st oppered atui I neutha t ed  at 370 in  a

reci p r o c a t i n g  w a ter  bat Ii (160 one. m in .  ) f o r  up t o  60 m l u n i t e s .  C e l l o  I ir

—- -..•

~

-- ---

~ 
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1 i p 1(15 wer e  I. lien ex t  r ae t t.’d and quan i it at ed b y t h e  met lio tI  c i i  l o l  cli ~‘~t_ a]

(11) . F’t ,r f a t l y  ac Id ( l t ’t t ’r m t n a (  I n t o  reac t  ions were t e rn i  I i s it ed by I i ij cc  I io n

of 0 .5  ml .  of 10 per cent  t r l c h i l t r i ’ a c t t i c  ac i d  a” d  a f t e r  30 m i n u t e s ,

rad ioaet  I v .  CO2 
Wa!; tzx ’m ;iircd on a L i e  t ee  R30 1 (Johnson I ,ati . Incorp  . ,

Cockc’ysvil i ’.’ , M d . ) .

~: 1 L~i~ i~
Re ’sul t s ot i ta  I ii~ .1 I i • ; ; .  d,1, ~. I to  5 t u r p en t i n e — t r e a t e d  rats were compared

tc, (~ .‘. 0 v- s I t , . ,  nd t ‘ .t i~ 1 si  ~‘ i i  i t  I c a n c o  de te rmined  by S t u den t ’s t.

Th~ v.11 1(1 i t V  ‘‘~~ I ~‘ i .  & , ‘ - ~‘ t r ei was ;~. ij r c ’d  by i n i t i a l  s tudies  which

t h a t  ~.nl I t t , — ir  ~~~~~ r a ; , t a !  r — ~~~d t o  t u r pen t i n e — t r e a t e d  ra ts , did

not I e: f rt ’ -~ 4.~ II . I .. lit ~~‘ t ’~ t h e  ‘ t t ’ t s t i rcd prarn eteu-s

KP . I I  u ’S

P A .

t - r ( , i ~~~ . a .  rot ro~~ or i t  ob-~.’r v , j t I. n rc~ c led t h a t  the  lesions

si gol I j c .u u I i ,  t i t  • t I ii ~ i t  ~ ~ . ‘ I ia ~~ re the  development  of

subcutaneous ahsec ’- . t - at t h e  j n t , c t i l a t  ion s i t e , hepa t ic  f a t t y  chan ges and

renal tubular changes. Sti t ’c u la ru t ’oi:s t u r p e n t i ne  Inocu la t ion  sites progress

f ro .~ di f fuse  ce l lu l it i s  ch r ur a c t c ’r i ze d  by li q ui f a c t i o n  necrosis , edema ,

n eu t r op h i l  and mononuclear  cell i n f i l t rat i o n  24 hours  a f t e r  i n o c u l a t i o n

to ;‘ -i t h ’r a t e ly  well encapsu l a t ed  abscesses by 72 hours .  Compared w i t h  day

0 r . it s , m l n l m ,-il f a t t y  changes were seen in p er i p o r t a l  h ep at o cy t es  b y 24

h ours  po ni—turpe ’nt  Inc i n o c u l a t i o n , increased by 48 hours  and appeared to

be reduced b y 72 hou rs p o st — I n o c u l a t i o n .  In I I i t ’ s& ’  s tud ! s’s t h e  great  est

f a t  V t’Itanges were only  m i n i  ma I. to in i Id . i ly ; i  I I tie d rop  1 t  t l I : I i l ~ ,c S WI ’ Fe

a I :;o obst’r vt ’cl i n  prox i nun 1 convo hit ed I ubu I en of a 11 Iii rpen t I iii ’— I h od’ u I  a t  ed

r at s.

_ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _
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B l o c  hem Ic :11 and p1iys j u l  og i (‘a I responses to t urpent inc—Induced

i n f l a mm a t o r y  stib u t  ane~i ut ~ I s inn s  are sh own in Tab] e 1. Fever occurred

on day 1, w h i l e  h ’ukopenia was r ecord ed on days 1 to 3. ConsIs tent  w i t h

development of acute—phase renj onse to in f l ammat ion  are the depression of

plasma iron on day 1 and p lasma zinc on days 1 to 3, as well as the

appearance  of a c u t e — p hase serum p r o t e i n  as dep icted by a2— m a c r o f c t o — p r o t c i n

(MFP). Peak plasma NH’ c o n c e n t r a t i o n , whose appearance in blood requi res

de novo t r ansc r ip t ion  (46) ar i d thus  is indica t ive of d.c novo pro te in

synthesis, occurred a t 48 hours  and was subs tan tially red uced by 72 -
•

hours. Increas ing  concentrations of plasma lysozyme were consistent with

development of an inflanmiatory lesion . Plasma ~—g lucuronidasc , and enzym e

proposed to he an indicator of hepatic cellular damage (7), showed only a

small rise on clay 1.

The hepatic. peroxisomal enzymes, ca talase, urate oxidase, D—am ino acid

oxidase and hydroxy acid oxidas e mani fes ted decreased ac tivi ty fo l l owing

turpentine injecion (Table 2). Catalase showed the greatest depression in

activity (a 60 per cent decrease by day 3 ) ,  urate oxidase , D—amino acid

oxidase and hydroxy acid oxidrtse showed reductions of 35, 33 and 46 per

cent , respect ivel y .

Flu xes in c ar n i t in e  acety l t ran sf e r a s e  a c t i v i t y  were measured in

Naf cnop i n — t reat ed ra ts  since t h i s  d rug  (which causes a marked

proll  fer at i o n  of h u e p a t i  c pc i-ox !  somes) al s o  increases carn i t ine

acety l — t ransferasi’ act iv  l i v  100 lel d and doubles the activity of cat  a lane .

Wit - l i e  Na fenop in  t r e a t  t e n t  d i d  t i n t  ( f u l l  I t a t  ivel.y a l t e r  t h e  p h y ;; in  log ic and

m c t ; t h i t i I  Ic  responses of rat;; t i t t urpeill i n ’ , car ti t Inc acetyl tr ;uuin fer:isc

4 
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u rp e nt  I or’ (Table 3)  . Thu is r espo tuse  was q ti :i ii t I t at  ive I y and I t’inpora 11  y

sit. U ar  to t ha t  observed for  cata la se .

KINfl’l Cs 01’ cA’I’At.Ast: SYN ’fhIES l S AND l)E(;I~Ar)A’L’ t ot~

The r,i ti- of cai ;i  l an e  ca tabo  I in n  (K
d 

) was d e t e r m i n e d  b y u s i n g  AlA to

block cata la se  for  the next 48 hours .  In a n em i lo g ar i t h m i c  p lot  of the

data  (Fig.  1) s t ra ight  l ines arc obta ined f rom wh ich  the c a l c u l a t e - c l

h a l f — l i f e  of ca t al anc  in control  r at s  is 1.31 days (99 per cent  c o n f i d e n c e

l i m i t s  equal 1.22 to 1. 1, 2 )  while tha t  in e x p e r i m e n t a l  r at s  was 0 .95 days

(99 per cent conf idence  l imi t s  equal 0.87 to 1.04 d a ys ) .  From these

values the f i r s t  order ra te  constant  (K
d

) for  cata lase  d e s t r u c t i o n ,

calculated from the re la t ionship K
d 

= in 2 /T 112 
are 0 .0220 and 0.0304

for  control  and exper imenta l  ra ts  respect ively.

Although the ra te  of syn t I ~~-;; is ( K )  of catalase in control  an imals

can be calculated from the re la t ionship  K = K D , tha t  of exper imental
~ 

d N

rats cannot because the basal stead y state activity (C
N
) of catalase in

turpentine—treated rats is unknown . Hence , the ra te of syn thes is was

determined from the rate at which catalase activity returned following

anuinotriazole treatment (Fig. 2). The in vivo Inlection of AT rap ldl’c

ca u sed a 95 pe r cent dec rease in l iver catalase activity resulting from

the format ion  of an i r revers ible  comp lex w i t h  t h e  enzyme . Fol lowing a

lag pe riod of approximate l y 10 hours , d u r i n g  w h i c h  exc e ::n AT was exc re ted ,

the re was a r e tu rn  of c ;ita i a se  a c t i v i t y  due to d c  I1OVI ) s y n t h e s i s  of t h e

enzyme. The ra te  of r e tu rn  of cata l  ant ’ a c t i v i t y  can hi’ approximated by

compar i son  cii the  e x p e rim en t a l  d at -n  to a t h~ -orc’ I. i en I curve  dese r I bed by

the rd at  ion sh f ~i (4 1. )
K - K r

C~ ~~ 
(1. — EXI’ ) eq. ( 1)

d

__ _____  _ _ _ _ _ _ _ _ _  
-
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‘Ihie expi’ I nut -n La I (hat a I or ( ‘Oi l t Fl)! rats fi t t h e  i f  l( () F L ’  t I cal  cUr V(’ Oil

asnunt iiug a K of 17.5 unit s of cat ;uI ase p - r  l io t i t ’ ( F I g .  2 ) .  In

t u r p e n t i n e — t r e a t e d  ra ts , two d ist i n c t  ra tes  of catalase syn thes i s  we re

e v i den t .  D u r i ng  the  f i r s t  65 hours  f o l l o w i n g  the a dt n i n l s tr a t  ion of

t u r p e n t i ne , t h e  r a te  o s y n th esis was equ iva l en t  to 7 u n i t s  per hour ,

which when compared to control ra ts  represented a 60 per cen t reduc t ion

in the ra te  of synthesis .  Subsequent to th is  i n i t i a l  period the ra te

appeared equ iva l en t  to that of the c o n t r o l  group (Table 4).

The change in r a t e  of cat  alase syn thes i s  occurred  at approximate ly

the same time as the change in t h e  concentra t ion of the acute—p hase

serum protein lIEP . This observation suppor ts  an ear l ie r  sugges t ion  t ha t

the synthesis  of acu te—p hase serum pro tein dur ing infec tion and inflammation

may occur at the expense of peroxisomal protein synthesis (8).

Fig. 3 shows the change in catalanc activity, w i t h  respec t to time ,

that would be expected front the calculated rates of destruction (curve B)

or synthesis, (curve C), of the enzyme, either alone or together (curve I)),

following trupcntine administration . It is calculated tha t  t h e  change lit

rate of synthesis can account for 76 per cent of the loss of caralase

activi ty by 72 hours post—turpentine injection .

EFFECT OF INF LAM~1ATION ON J I PT!) NETAI~OL1 Si t

Since i t h,is been postulated that peroxisontes may have a role in

lipid me t aholl.sm , fre shly i solated hapatocytes were t e st e d  fr-sr their

capac I ty to met abol I -ze fatty acids. Shown In Tab] t’ 5, htepa tI-sC v en f rom

turp ’iitine—tre ated rats oxid I zed t h e added m t  ty ar- ids , oleat c , itn lm i t;utc’,

and oct anoate to 4
C0., at a significantl y lowe r r u t  c than con t ro 1 l l t ’pa 1 OCV t , ’~~.

On I lie oI l i e r  hand , I nec’ rpo r at  Ion of C in t o  en I er I I I i’d ccl i ii ] a r I I p l~i ;;

wan sign III cant h y I n c  r -ascd wh en t ounpa u s ’ s I t o  eon t ro 1 ~ i ’ll s
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D1 ’fu ’ ’r ;sJ on  oh I i v e r  c r i t ; l i ; t s i  a c t i v i t y  ha s been a c on s i s t c- nt  f i n d i n g

l i t  h ost w i t  I , b a c t e r i a l  in feet I i t t i s  or sl(’r l i e  i n fl  autinsi t ory lesions (I , 8 ,

34) . A d( ’cr cas ( ’  in l i v e r  ca t  a I r u s e  rue I iv i t  y in t u m o r — b e a r i n g  r a t s ,

Suul ) SC ’qLlcflt  I y shown to resu l  L t roll bac t cr  in ]  c o n t a m i n a t i o n  of the- tumor

(19 , 2 0 ) ,  was found  to be re la ted  to a r educ t ion  in the absolute

concen t ra t  ion of the enzyme proLein  (33) .  The results obtained in the

present  s tud y d e m o n s t r a t e  tha t  whi le  catalase ca tabol i sm is sligh t l y

increas( ’d , the  d e p r e ss i o n  in a c t i v i t y  d u r i n g  the acu te  phase of t h e

i n f l a mm at o r y  reac t ion  resu l t s  p r im a r i l y f rom a 60 per cent r educ t ion

in the r a t e  of syn thes i s  of the enzyme .

The depress ions  of u ra te  oxidase , hydroxy acid oxidase , D—amino acid

oxidase and c ar n it i n e  acety lt r a n s f e r a s e  ac t i v i t y  which were temporal ly

similar  to the  change in catalase  a c t i v i t y  suggests  tha t  the syn thes i s  of

these enzymes  may be s imi l a r ly  reduced . A decrease in synthes is  of

peroxisomal  enzymes may thus r e su l t  in reduc t ion  of the actual number of

liver peroxisomes such as has bce-n report ed to occur dur ing  pneumococcal

sepsis (8) .

N i s h i l m u r a  et a ] .  (34 ) suggested tha t t h e  depression in hepa t i c

c a t a i r u n c  occu r r i ng  a f t e r  su b c u t a n e o u s i nj u r y  may be media ted  by r e lease

of an i n terne d  [a le  s u i h s t r i u i c e  a t  h it ’ s i t e  of i n j u r y ,  wh ich  when t r a n s p o r t e d

to the liv er , effects t h i s’ svnt In’s i -r of the  enzyme . Such an i n te r me d i ar y

substance’ hir t s been shown Ii ) bt’ i i  I e r i r ; e d  front phuagocyt I c  c e l l s  foi  l ow i n g

the I r ingest I on t t  f ii~i d u o  Fga l )  i m r  OF flec rot It ’ tissue (2) - The I cukocyt i c

mcd j o t  or - ; uu  ci  ic  I t  I lie nonr ;ps’e i I i t ’ r i c u t c — p hi.isc’ l-C!act ions ass oc i m i t c i l

w i t h  inlet -h Ion tad lot i . i n ; a . , t  i on  by st Imula t log hepa t  Ic  RNA sy n t h n ’n l s ,

am tue  n e  i d  I ox m u  r v s  t he r ;  I :  i t  I , l u ’ u i t  ‘— p h~~~ ~l oI~u l h um ; (68) . In  add i t 1011 ,

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _  - —~~~~~
. ‘ -  _ _
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leukocy te—de r I ved f a c t o rs  h ail b et-ni  shown to o r l  min e an a i-r ay of ~) hu y n  IC) l og i (:11

a.l he - r a t  ions in a t raun m a l  I zed host ~ h i i cl i  inc lude f eve r  (42 )  , Inc reas -d p t a n n in ,

copper (37) ,  cerulop l :nsmi ~ ( 3 7 ),  p,lun ca gon and i n s u l i n  (12 ) .

Since the a l t e r a t i o n s  in peroxisonia l  enzyme’ a c tiv i t i e s  d u r i n g  t in ’

t u r p e n t i n e — i n d u c e d  ln f  1 amino tory  rc-sponse appear t empora l l y  re la ted  w i t  ii

expression of the known acute—phase  reac tants , we propose tha t  the

depression of peroxisonmal a c t iv i ty  is another n o n s p e c i f i c  host  response

to in fec t ion  and i nf l a m m a t i o n . That this e f f e c t is a n o n s p e c i f i c  response

to t i ssue  in ju ry  and not a toxic e f f e c t  of t u r p e n t i n e  is suppor t ed  by the

similarity of the peroxlsoma l response following subcu taneous  i n j ec t ions

of talcum powder (34 , unpublished observations), bacterial infections (8),

and partial hepatectomy (23). Whether the peroxisomal response is a direct

effect of a leukocytic mediator remains to be determined .

Similarly obscure is the survival value of such an adaptation . The

reduced levels of peroxisomal enzyme activity m ay represent l)iochemical

lesions which contribute to cellular dysfunc tion . Alternatively,  th e

observed enzymatic changes may represent a normal response to Inflammation

which is of some yet undetermined benefit to the host. The possibility

also exists that peroxisonies may contribute little to cellular homeostasis

and their synth esis may become expenrl r’ubie or s u b o r d i n a t e to syn thesi s and

release by hejiatocytes of acute—p hase serum prot ei  t i n .

- 
- The d i f f i c u l ty in d:i ffere-nt’iat ing between th ese possil,  i l l i  h’s r e s u l t s

from our incomplete understanding of th e preci r;e role of peroxi semen in

cellular nietahol tsin . Tiiel r predominan ce in ccl I niss’oc toted W i  t i t  lip Id

mt-tabol i sin and the Inve rse  re I at i o i i n h i  I p be iwecu itt-pat i t ’  p(’ FOX I nounri 1 eon I

and d r u g s  whi I cit lowe r ne run t  cho le st e tel rind Ir it ’,1 y ’ e  r ide-s  h ave  cut  t’~~u ’ r ;  I (SI

a ~;p ’c I f  I C I nyu lvt ’mi-n t. t el ’ pe’ rex I i ;O l f l t ;; Ii i  I I ~ 
l i i  i~m e ’ t 01)0 I t ‘ ; I d  ( ‘5 , 1 5 , 4 1)  - 

- ‘~
. -~ -~~~- ~~ ‘-“ -~~~~~ -~~-— ~~~~~~---- _ _ _ _ _ _
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1 ; ,z :t r ow r in d  h’ I ) u i v c  (2~~) l u n i v u ’ r e t - e m i t  Iv &h’immo ;;t i ’n , t usi I l i t ’  l )r ’ ’ m ~~ l i t  1) 111 i f  l i i i  t -

-

~~~~~ I ~o mmi m u s  ol a C~~i t l l  lute— i t i n t ~~t s i t  i v u ’ I n t l  I y n i c e l y  1 — CeA ox I d I z l u g  cy s t  em u s i  tug

oxygen antI NEd) as ci e ’ctron aCCeh) t or s  . The a c t i v i t y  of l i i  i s  syst  emit i n m r eniscd

a p p r o x i m a c y  10 1 I m u - n  in ra ts  l u — e at ed Wi th u  an ant  i hu ypc ’r  1 i ~ i d erni e drug

(clof ib r r i t  c) w hu ichi  is known he) cause- perox m utua l prol  i ferrut ion . ‘I hie’

observed reduc t ion  in the ra te  of f a t t y  acid ox ida t i on  by h ep a to ry te s

isolated fro m tu rp ent  i nc— t r e a t e d  r a t s , as well  as Sept Ic  i i ) fe c tt ’d r at s

(unpubl i shed  o b s e r v a t i o n s ) ,  may be the result of a decrease in activity of

the p erox isonmal  f a t t y  n i c e t y l— C o A  o x i d i z i n g  s y s t e m .  This ponsibli I t y  is

in t r iguing in light of the observa t ion  t h a t  n m i t o c h o n d r i a  i sol a t ed  f rom

infected  rats  oxidize f a t t y  acids  in v i t r o  e q u a l ly  well as con t ro l

mit ochondr ia  (32) .

Consistent  wi th  a role for  peroxisomes in l ip id m ’t ab o l i s m  are ’

observat ions ~‘h ich suggest t he  cx:istemice of an inve r se  r i ’l nt ’ i on sh i p b et w e en

peroxisomal ac t iv i ty  and the c a p a c i t y  of the  l iver  to s yn t -h e s i z e  cbo lc ’s lero l

and e s t er i f y  f a t t y  ac ids .  As out l ined in Table  6 , ra t s  t r ea ted  wi th

a n ti h yper l i p idemic  drugs  show an inc rease  iii pcroxisomes , cat al ase ,

carni tinc  acety l t ran sfcr a s e  and f a t t y  acid o x i d a t i o n , and a de cr enmse ’d

capaci ty  to synthes ize  cholesterol,  and t r igl y ce r i d e s .  In c o n t ra s t ,

condi t ions  such as i n f e c t i o n  and inflammation w h i c h  arc accontpani ed by a

reduct  ion of hepa t i c  per ox isomcs  are associat ed  with a pni tt ei’n of 1 i j ) i d

metabo l i sm wli ichi is I nvei’s -l y re-lot ed to tha Ii i n du c e d  by ant  I h ype  r 1 1 p 1 ( i t ’ll it ’

d r u g s .  The p o s s i b i l i ty  t h t ’r t ’for c  e x i s t s  t hu ~u t  i e r o x i s o m i m ; m h  p t — oh  I I  t ’ r , i t  b i t

rtn d fat, I y iu c id ox Ida I ion , on the one hand , and rIme h t ’~ le t ’o 1 raid tri g I \‘ t ’ er i t h e

• synt  be~ in , on t iii’ o t lu e  r , m :ty be 1 i mi k et h gent-I Ic funct ions whie - r , ’ h uvu ’ 1 of

ac t i v i ty  and expres s i on a l t ’ I n v t - u ’ ~ u ’ lv rnacIuiI;uts ’d by iiit ’(I I t  ~l
,
s of

Inli ;Iiimm ;u I Ion and runt i hi y pt’ r I i p 1 ( l ( ’ i i i  I c  d rugs

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-
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A l t  l iumuig hi t l i t -  i guu i t’ic auiee - of I Iut’ ~ c ’ ut-hilt b r us h I no; we I I •us  L I m & -  is’,i I

ext  t i l t to whi ichi perox I noimmntl jIC t I vit y t ’ t i r i t  r i but en Lu ;u i t t  rest l in t  I 1 e run  of

h epnit  I c  l i p id  nmetabo l  inn d u r i n g  i n f e c t Ion and l u ll nimmni t  ion r emni  ins  to he-

d ct er im i inc ’d  , this; stud y has served to i d u ,’nt if y a th-crease in he p ni t Ic

p crox isouhn ) l. ac t  ivity as another  n o n s p e c i f i c  acu t e  respo n se of a h ost to

i n f e c t i o n  and i n f l a m m a t i o n . Fur thermore , the i n f l ; i n u m at i o n— i n d u c e d

• nu o d i f i c a i t o n  of pcroxisoiual a c t i v i t y  o f f e r s  a new t ’x p e r i r n e t t t a l • approach

to evaluate  f u r t h e r  t he  c o n t r i b u t i o n  of these organd ies to ce l l u l a r

me tabo l i sm .
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and Dr s.  W. R . Beisel , M . C. l’owa nda and II .  N e tu fe ld  of US AMR T I I )  and Drs.
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TABLE 6 . MODU LA ’I’ [ON 03-’ I I E I ’A T J C  AND BLOOI) PARAN ET ER S IN Iu :sE-0N SE TO

TI SSUE I N J U R Y  (I NE I: C’rIO N OR I N I ~LAr4MA’I ’IoN ) OR TREA’flIENT WITH

AN ’E ’I—H YP ER L lPTI )EN IC DRUGS.

Tissue Ant iParameter  Ref . - . - R e f •In jury  Hyperlipidemic
Drugs

Peroxisonie density _a (8) + (43, 44)

Catalase synthesis — (b) + (45)

Carnit Inc acetyl—
t ra n sfcra se  a c t i v i ty  — (b) + (13, 31)

Fatt y acid oxidation — (32) + (9 , c)

In vi t ro  peroxisomal
f a t t y  acid oxidation + (25)

Blood ketone bodies — (32) + (30)

Cholesterol synthesis + (5) — (21)

Fatty acid + (5, b) — (10, 22)
es te r i f i ca tion  + (9, 14)

Bound/f ree
ribosome ratio + (47) — 

- 
(39)

Syn thesis of
serum prote ins  + (40) — (39)

Susceptibility to S. Uniformly Increased

,eumoniae infec t ion  lethal (38) res is tance (38)

a 
— , decreased ; +, inc reased

• b .This repor t
C Unpubl ished observat ion
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LEGJ ’:~ D TO F I G I T R I ’ S

Fi g. 1~ K i n e t i c s  of l ivc- r ca talase  d e s t r u c t i o n  - Semil ogar it i c in i  c

plot of catalase a c t iv iL y  Y S. t ime in control  and tu rpen t ine—trea t ed

rats  gIven 20 mg. MA per 100 gm. bod y wei gh t  twice dail y.  T u r p e n t i n e

was given 12 hours a f t e r  the f i rs t  i n j e c t i o n  of AlA .

Fig. 2. Return of liver ca t a la se  a ct i v i t y  a f t e r  injection of 3

ami no—i , 2 , 4—trj az ole . Open and closed circles represent  expe r imen ta l

da ta .  Sol id lines are t h e o r e t i c a l  curves to f i t  equa t ion  1 (in t e x t )

on assuming rates of synthesis  and de s t ruc t ion  as g iven in Table 5.

Stippled ba r represents average catalase ac t iv i ty  
± SE. of rats not

given aminotriazole .

Fig, 3. Theoretical curve showing the expected change in catalase

ac t iv i ty  wi th  respect to time due to changes in the r at e  of synthes is

(K) and/or destruction (K
d

) .  Curve A , steady s ta te  value where K =

17.5 un i t s/hour  and Kd = 2.20 per cent/hour ; Curve B , K
d 

= 3.04 per cent!

hour; Curve C , K = 7 uni ts/hours ;  Curve D , sum of cu rves B and C Sol id

squares represent experimental  observations as reported in Table  1. 

_ _ _ _ _ _ _
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