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AaSTRACT 

Mari.zn T?. Kies and Ann Webstor 

Eecause of t h o  high fat c n n t m t  of bone marrow and t h e  f a c t  t h a t  t h e  
tis::ua is so important metabolically,  a study was undertaken of tho  oxida- 
t f b n  of c e r t n i n  fs t tv  ac ids  and t h c i r  de r iva t ives  i n  bone marrow. !The un- 
sotizratod long chain f z t t y  ac ids  wcrc invest igated because less i s  knmn 
of  t h z i r  physiQlogica1 f a t e  than t h a t  o f  t h e  saturated acids,  although t h e  
s u s c q h i b i l i t y  of t h e  unsFturati;d fats t o  oxidation i n  t h e  presence of h a m  
derivcltivcs has bc;n s u g p s t e d  as  a b a s i s  of t h d r  function. 
cs i  vias t h z  p s s i b l a  c x i s t o m e  in animal tissue of an enzyme similar t o  t h e  
plnnt, cnzyme, l i~ox ic i a so .  

Also of  i n t e r -  

Linoleic czcid and r d z t s d  eompwnds have been found t o  incrcase t h e  
oxygen uptake of bonc mcirro'7 homoginatcs. A component of bone marrow f2.t  
a l so  incricsas oxygcn c m s u q t i o n  of  marro:;r proparstions.  
simiim t o  l i n o l e i c  acid is knovn t o  bi pr-scnt in bone mcrror-. f a t ,  it i s  
suggasted that t h e  oxidntioi1 6f t h i s  compound msy plzy E r o l c  i n  bone 
marrow met ab o li sli?, 

Sincc a. compound 

Linoleic acid oxidntion by bmc marrou preparat ions is probably not 
enzymptic bcczuso tho  cc t ivo  pr inc ip le  is hoot s tab le ,  
er,vthropoic;tic function of boas m-rrm, 8 hemin-typo ca t z lys i s  is suggcsted. 
Like many hcne pro te ins  r.,sisonsibl.c f o r  o thw typcs  of c a t a l y s i s  in animal 
tissue, t h i s  ccc,lelyst i s  inh ib i t ed  by cyanide. 
considcrcd ?roof t h a t  t h e  substance is a home dcrivc?tive. 

I n  vicv of t h e  

Such inh ib i t i on  i s  not 

The f c c t  t h 2 t  t h c  r w c t i o n  is  non-enzymatic does not de t r ac t  from 
i t s  possible importance i n  bone rnc?rrov riietabolisin, 
reac t ions  i n  lipoxidzse nnd ft7.t -1Loxidntion systc-ms are vsll-kno:7n and 
n3y a lso  occur i n  bono r ~ ~ r o r .  
horwgenizcd nnrro;y undcr c o r k i n  conditions,  could sorvo as  t h o  peroxido 
donor in a pcroxidcso syrtL!:: 2nd might lx of  sone i:qortcnca i n  t h i s  
respect .  

Couploi3 oxidation 

Fat peroxide, which accumulates i n  

Prelimiri?ry f r ac t ionc t ion  cxpcrimnls indlcatc  th?.t thc  oxidatrve 
cat :  lyst 
globin i n  bone wrro: ax t r ac t s  by s?tur:.tion d t h  potessiur2 dihydrogen 
pbosphr te, 

mtc r - so lub le  2nd e-.n e?.sily be aep-rctcd f r o a  the h a o -  

UNC u*ss1 FXED 
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Marian IT. Kies and Aim Vebster 

Considerable nork has been done on t h e  f a t  content of  bone msrow 

and i t s  physiological  and pathological. v s r i a t  ions, but very l i t t l e  at ten-  

. t i o n  has been paid t o  t h e  possibie  s ignif icance of f a t  i n  bone marrow 

metabolism.' Krause (1) has studied the  efft;ct o f  anemia on t h e  f a t  cont tn t  

of marrow. 

t y  ac ids  increased the  & 

t a i l s  as t o  t h e  C o ~ ~ ~ O l l n d s  t,estsd. Other s tud ie s  of bone marrov r e sp i r a t ion  

h a m  becn concerned m a - 8  with carbohydrats than with f a t  metabolism ( 3 ,  4) .  

Because of thc: high fat content of  t h i s  t i s suc , f igures  in t h e  l i t z r a t u r e  

(I, 5, 6) vary from 20 t o  89 per cent o r  mors depending on %he origin of 

t h e  bone marroT**, t h e  c m d i t i o n  of  t h e  animal, t h e  mcthod of extract ion,  

etc.-and because of t h s  f ac t  t h a t  it i s  so  important n t tabol ica l ly ,  a study 

vias undsrtaken of t h e  o x i d s t i o n  c?f cor ta in  f n t t y  acids  and t h e i r  deriva- 

t i v e s  i n  bone marro:;. 

Barron and co-:rorkers (2) i n  a recent  a r t i c l e  s t a t ed  t h c t  f a t -  

r c sp i r a t ion  of bona mmov but gave no de- 

The unsaturated long ch3in f n t t y  acids  ucro invas t ig l ted  since less 

is known of t h e i r  physiological  function t h m  t h s t  of t h e  satur2tcd acids  

(cf .  Lehningerrs viorls) (7 ) .  

animal metnbolism occupied by t h e  n u t r i t i o n a l l y  essential f a t t y  acids 

( l i no le i c ,  l i no icn ic  and arachidonic) t h e i r  s u s c e p t i b i l i t y  t o  oxidation i n  

t h e  presmcc  of hccin and heme d t r i v a t i v e s  has  been suggested a s  a b a s i s  

of t h e i r  functiion (3). 

animal t i s s u e  of  an oi?apne similu t a  the  p l m t  enzyme, lipoxidase, which 

Although vcry l i t t l e  i s  knoan of t he  vlacc i n  

Also of interr,si$, is t h e  possible exis tence i n  

Ui\:CLASSIFIEG 



5 ORNL - 103 
has been shown by Balls, Axelrod and Kies (9) t o  oxidize spec i f i ca l ly  only 

those  unsaturated ac ids  which contain a s e r i e s  of msthylene in te r rupted  

double bonds. 

(11) has published d a h  showing the  presence of a lipoxidase-type onzyme 

i n  gastric mucosa. 

This observation was confirmed by B u r r  csnd Holman (lo), Hove 

EXPER1METJTA.L 

The oxygen uptake of bone marrow is not g rea t  cornparod t o  t h a t  of other 

animal tissues, but i t  Is nevertheless o f  su f f i c i en t  magnitude t o  study i n  

t h e  conventional Warburg apparatus, &axed f r e sh  mGrro:/ obtained from t h e  

long bones of normal r a b b i t s  vias usod i n  t h e  oxperiments, as rvell as marrow 

which had been frozen aEd s tored a t  -36” C. Scmo of t he  f rozen  narrow WQS 

lyophi l ized and extracted with petroleum e ther  f o r  fu r the r  study. 

The animals :Jwc k i l l e d  by a blow on t h e  head, the long bones removed, 

the ends of t h e  bones c u t  o f f  Triith bone cu t t e r s ,  and the  merrow blotm out 

of t h e  bones mith colnprossed a i r  ( t h i s  means of obtz in ing  thr, mrrow without 

much damage t o  t h e  s t r u s t w a  na.s suggestsd by Huggins (6) and considerably 

shortened t h e  time s p z t  i n  co1li;cting tho t i s suo , )  
- .  

Ch=rac ter i s t ics  of Eons Mmron Fat: Since t h e  f a t  contcnt of  bone. 

marrow has been tho sutj juct  of several publ icat ions (1, 5, 6) no attempt vas 

made t o  study t h i s  extcnsivcly.  For p u r p o s ~ s  o f  comparison honever, several 

prepnrstlons mxe neighed before lyophi l izs t ion  snd t h c  T*isight o f  f a t  ob- 

t a i n &  from t h e  vErious samples was recorded. The values are given i n  Table I. 

Table 3: 

Tit,. of  Fresh Jdarrow bit . of Fat Iodine Vdue  
Fct CocLmt of Various .R~.bbi t  lkrrov Prer>arF.tions . 

@;l. P* 

1.5 
5 * g  
4.5 
7.4 
3.0 
2.3 

0.4 
1*8 
1.6 
3. i 
1.9 
0.9 

135 
117 
116 --- 
--e 
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Petroleum e the r  

coarse ly  grmnd and l e f t  standing undcr petroleum e ther  overnight. 

res idue  was then honogenized with fresh solvent and f i l t a r e d ,  

solvent nerc removed i n  vacuo and t h o  dry  t i s s u e  stored a t  5' C. 

was removed from t h e  f a t  by evaporatiori a t  room teuperature, t h e  l a s t  t r a c e s  

being removed by evacuation as 'before .  

%as used as t h e  solvent. The t i s s u e  vas lyophilized, 

The 

Traces of  

The e thc r  

The fat  was then s tored a t  -36O C. 

The iodine values given i n  Table I ivme detcrrnined with the  Rosenmund- 

Kuhnhenn reagent which cons i s t s  of pyridine s u l f a t e  dibromide (13). 

One semple of  bone riiarro?? f a t  nas obtained tiy s t i r r i n g  an ice-cold 

honogeDate f o r  an hour o r  more u n t i l  t h e  f a t  formed a cnke on top of t h e  

l i q u i d  and around t h e  stirrm= 

suspended i n  acetone, Only very sma l l  por t ion dissolved and t h i s  

acetone-soluble f r a c t i o n  had ar, iodine value of 129. 

acids more unsaturated than o le ic  acid i s  indiccted by t h c  iodine values 

found f o r  t h e  d i f f e r e n t  samples of bone marrow fat ,  

heating t h e  s a ~ p l e  with KOE i n  glycerol  t o  i sonor izc  any l i no le i c ,  l i no len ic  

o r  arschidonic ac ids  prcsont ( U } ,  

bone marrov f a t  t rc2 tad  i n  t h i s  mmmr -ms a l n o s t  identic-1 with th3.t o f  

10 mg. isoxerizod linoleic zcid (Fig. 1). The presence of l i n o l e i c  acid 

i n  ox bone marrow fat  mas observcd by Hildi tch (3-5) ;ah0 c i t cd  the  s i n i l a r i t y  

of bone marroi7 f a t  t o  perinep-hric and rump fcts, 

indicated the  presence of a f a t t y  acid more unsaturated than o le ic ,  but 

he did not i d e n t i f y  t h i s  f rac t ion .  

The f t i t t y  layer vas  vashed with wzter and 

The prcsence of f a t t y  

This 1wzs ve r i f i ed  by 

The u l t r a -v io l e t  absorption of  50 ng. 

ChengIs (16) dr-ta also 

- Bone M'arrov % s n i r ~ t i o q - - ~  of F:its Fatty Acids on Oxygen 

&take: 

genized i n  10 volums of n s t e r  1~7nfth ~1 glass hoqogeniacr. Honiogonization 

in d i l u t e  phosDhGte bur"fer d id  -not a l t e r  the rcte of  oxygen uptake, A l l  

Pur i f ied  by t r e r t i n g  n i t h  alw2ina t o  rcriove t h e  psroxides, 

Most of t h e  r e sp i r a to ry  s tud ie s  ncre done n i t h  bone marrow homo- 

(12) 
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r e s p i r a t i o n  s tudics  were ca r r i ed  out a t  37O C. 1,Jith rkr as  t h e  gas phcsc. 

ValuGs given i n  t h e  t a b l e s  me averages of dupl ica te  d&xminations, unless  

otherwise s ta ted.  I f  t h e  du9l ice tes  did not agree u i th in  10 per  cent9 both 

values a r e  given, The t o t e l  volume i n  each flask was 4 nl, and the  arrounts 

of t i s s u e  cnd reagent used i n  t h i s  volume a m  specif ied i n  t h e  footnotes  

under each t s b l e  End f igure.  

t i o n s n r e  final ooncsntrations Etfter d i l u t i o n  t o  4 ml. 

Tho phospha-te buffer  and acetone concentra- 

There vas considerable var ia t ion  i n  t h e  oxygen uptake of marrows ob- 

t a ined  f r o n  d i f fe ren t  animals, 

due t o  the mode of htinciling the  s m p l e s  7ere  unsuccossI%l. 

concludec! t h a t  t h e  v a r i a t i m  was infierent i n  t h e  a n i m l s  thenselves (see 

ITarren (17) ). 

was a b t a i n d ,  and cmc lus ions  asre d ram t h w e f o r e  fron cocparative re- 

s u l t s  obtained v i t h  t h e  same t i s s u c  prcparztion. 

Attempts t o  sha7 t h a t  t h i s  va r i a t ion  vas 

It 572s f i n a l l y  

Excollcnt agreement among 2 l i q u s t s  of  a s ing le  preparation 

The e f f ec t  of added l i n q l e i c  s c id  en oxygen uptdcr: of  bone marrow 

homogenates T U ~ Z S  Earlred and consistent.  

ual r e s p h a t i o c ,  add i t inn  of 1inoli;i.c m i d  eithc-r in acetone sQlut ion  o r  

i n  d i l u t e  alkttli,  incrc: sed the c~xygen upt&c s~vc r r l  hunrlred per cent,. 

(See Tables II - V I I I ,  and Fie. 2). 

s t r i k i n g  whcn lyophilized, defs t ted z a r r o '  x i s  uscd because t h e  r e s idua l  

r c s p i r n t i s n  was snalf. 

oicygsn uptake of t h e  f a t - f r e e  residue and, under ce r t a in  condi t ims ,  t h e  

r e s p i r a t i m  of f resh  marrow f r ac t ions  (Table 11). The s u s c e p t i b i l i t y  of 

bone narrow f a t  t o  3xidFAtim by va r i sus  bons narro.1 preparat ions was not 

as grea t  as t h a t  of l i n o l e i c  acid. 

factors-- the lo-iv concen t r z t im  of unsaturzhsd subs t re te  i n  bone marrow 

f a t ;  the grea te r  s s l u b i l i t y  of t h e  f r e e  r:cid, t he  p o s s i b i l i t y  of f a t -  

soluble inh ib i to r s  i n  thu? bone zari-m f a t  smples, etc.  

Rcgarc?lsss o f  t h e  cxtent o f  resid= 

Tho effcct  o f  l i n c l e i c  ccid was more 

Bone narron fat IICS e l s o  c ~ p a 3 l c  af stirul3ting 

Th i s  tiay be r tkr ibuted t o  vGri3us 
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Table I1 

Oxidatiqn o f  Bone Narrov? Fat 

Crm. per hoG 

10 zng, bxm wrrm rssidi~e plus  23 ng. hone narrow 

0.25 mg. hcziin f r o n  r abb i t  bl.c;Yl plus 23 cg.  bone 

23 mg. bone mrr0-J f a t  2 lsne  

f a t  g 34p4.2 

narro‘v f a t  38,48 
3 

10 rg, boiie r:arrow resirhe -!Itis 20 ~ g .  l i n o l o i s  acid 97,78 (in 10 nin,) 
0.25 ng. h m i n  p l u s  20 zg. 1inoLt.i.c: ac id  ;2/ 92 ( i t  !I 11 

7 
779 41 

Lyoyhilized, clefattd.  residue suspen4ed in 4 nl. 0.025 phosphate, pH 
17.4 (10 per ccnt r c e t m e ) ,  
Fat extracted frm ?.>Tophi X z e d  marrov x i t h  potrolem, ether .  ,$ft,er t he  
solvent ms mapcrzi%?.p t h e  fzt nas suspcfidod i n  acatone mc1 f i l t e red ,  
10 per sen t  acetone i n  the b x e  mrr;vl flzsks,  
ir, d i l u t e  sodiu.m hy.!roxi,;e, 
Ice-cold h8:m2g.;nato sLirred u n t i l  f a t t y  layer sapalwkd, 
suspended i n  Z C Z ~ G ~ ~  md. fi*li;osec!. 
fa t  or iginal ly  px.r;sor,-t i n  1. nl, homogens-b was used. 

2/ 

4/ 

Linl3leic ac id  ilissolved 
0.0’73 y phosphate pH 6.7, i n  a l l  f lasks.  

Thk f a t  nas 
40 Ter ccnt o f  t h e  acet,xm-soiuble 
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Table VI11 

Bone Bll+lrrow Fract ionat ion 

Oxygen Uptake 
(em. pcr hour)'  - --- --...-.-L..L 

Xo subs t ra te  4 ng. l i n o l e i c  ac id  

A. 1 ~ 1 .  1-10 kionogen?.te of bone nar- 
rom 3/ 0 

B. 1 n l .  ex t r ec t  Qf A 0 
73 
67,?7 

(B. was seturated a i t h  KK2PO4, lef t  24 
hrs, a t  5O C.,d and centrifu.ged. The 
supernatant rctainecl a l l  of  t h e  o r i g k a l  
color.  
c i p f t a t c  was redissolved i n  d i l u t e  NaOH 
(pH l O - l l ) ,  t h e  s?futfon ( C )  neutral ized 
t o  pH 7.5 and d i lu t ed  t o  volupe of 
o r i g i n a l  zx t rsc t .  
C. 1 ~ 1 .  s3 lu t ion  

The s c a l l  a n x a t  of gray pre- 

394 5 5  

(Solution C. was s ~ . t u r a t e d  x5th K H ~ P O ~  
and ppt. r e d i s s d v e d  as b t f w e  ((3-2). 
C-2 1 n1. so1uti-m 2/ 10,u 

1 r;l. sqluti  311 hwte?.'., ?@-l@G. 1 Iiin. 
1 n l ,  s7 lu t i .n  i n  o.G% & ~ k ~ n  z/ 

71 
33,38 

I n  4 ml. 0.025 4 I;EZP04 (10 pcr cent acctonu). 
out.  
S a t u r a t i m  n i t h  NaCl d i d  not cErUse any pr , c ip l t a t im;  0.5 saturated 
mn9niun sulfate p r e c i p i t a t e  ;?tis a k m t  3/4 a s  ec t ive  as t h e  KId2PO4 
p rec ip i t a t e ;  50 per  cent acetone prec ip i ta ted  about ha l f  t h e  a c t i v i t y  
but also bmught do:m a l l  t h e  c o l o r  i n  t h e  s r i g i n a l  extrect .  
1 nl, o f  t h i s  s ? lu t ion  cqntaincd j u s t  enough pro te in  - t 2  give a t u r b i d i t y  
nhen c?ilutcd d t h  10 L I ~ .  2.5 per cent t r i cho lo race t i c  acid; 1.5 nl. did 
not g5ve i p-s i t i vz  tes t  f x  i r m  by t h e  Kennedy procedure (25). 
Oxygen uptqIre 8lictemined v i t h  a l k a l i  i n  the canter  -1611, 
by t h e  "direct ne-l;hi,.l" I J ~ S  0.2 f a r  t h i s  r e a c t i m ,  
No a lka l i  i n  ccn'cer :m13s. 
n w t r a l i z e d  b e f v c  usc. 

Sane c m d i t i m s  through- 

R. &. determined 

Cyanic?s soI.uti?n 'bas freshly prcpared and 
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Other unsaturated fatt5- acids  and esters also enhanced the oxygen uptake 

o f  bone marrow hcmogenates 

vious viork on t h e  czta1jTti.c s p e c i f i c t t y  of hemin and l ipoxldase (8, 9) t h e  

e s t e r s  of l h o l e i c  and l ino len ic  ac ids  behaved l ike l i n o l e i c  acid. The re- 

v i t r o  (Table JII). As was expected from pre- 

sults with o l e i c  acid were variable.  It i s  o r d i n a r i l y  not as a c t i v e  as t h e  

more m s s t u r a t s d  acids in oxidation experimsnts and -the stimulation of hone 

marrow re sp i r a t ion  by o l e i c  acid shown i n  Expt. 2 i n  the  table was a l i t t l e  

surprising. This naryov was darker colored than t h e  usual preparations and 

sh~i?sd  e higher resSduzl oxygen upt&e. 

d i d  nc,t s h w  any apDrccicblc3 o x l c k t i m  of  oLoic acid. 

Later ewerirnents with othor  mrrovs 

It should be noted t h a t  It ?!as necessary t o  i n c h d e  a c e t m e  i n  ex- 

periments Qn bme marro-' fa-t ani? t,hs ansaturated f a t t y  e s t e r s  i n  order t o  

obts in  adequate emul.sions. Ear ly  experixerits indicated t h c t  acetone alone 

enhanced t h e  oxygen uptake o f  bonc marrou although t h i s  5-ncresse vas never 

as grea t  as the  e f f c c t  or" t he  unsaturated compwnd tes ted.  It was assumed 

t h a t  this c f f m t  of a c c h n c  might be due t o  i t s  infltisnce on t h e  emulsifi- 

ca t ion  of thc konc marro-.I f a t  present in the sample. Hovovcr, t h e  inflilence 

of acetone rras variable, rengiiic a l l  the xay from a marked incmaee in oxy- 

gen uptake t o  a d e f i c i t e  depression, In a l l  experimmts Jh ich  required the  

use  of sc@tor_e as rz fst so lven t ,  squivalent volumos of acctone a7ore added 

t o  t h e  controls.  

-L- Effect  - o f  Udrogcr! acsr?Juration_ on B o n e  Marrow Respiration: 

Several o f  the  experiments recordcd i n  t h e  prcsent study nare car r izd  out in 

thF: presencc: of acid phocpbate tzca i ise it  idas found t h a t  t h e  oxygen uptake of 

bone marrov was cons idcmbly  Jnhanccd by -&e addi t ior ,  of e i t h e r  ac id  phos- 

phate  o r  C?ilute hydroshlcric acid (Fig. 3 ) .  
* 

The cxperirnont sumar izsd  i n  

Fig. 3 did not include a coniparison of phosFhate a.nd H C 1  o s  t h e  ccidifying 

agents. 

e f f e c t  indcptlzxicnt of t h e  p r e s a c G  of phosphate, 

Data from othcr sxperlmmts proved t h a t  th=. stinul5Ition was a pH 
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Table I11 

Oxidation of  Pure Unsaturated Fa t ty  Acids and Estcrs  by Eons fikrrow ?reparations 

Sub st ra t  e Oxygen Uptake -- _I- --- (cn'sn, per hour) 

Cor,trol I/ 
3 mg. methyl oI.eate 
3 mg. methyl l i no lea t e  
3 mg. methyl l inolen2te  
3 mg, o l e i c  acid 
3 mg. l i n o l e i c  aaid 

0 
5 

29 
44 
20 
32 

Control 2J 
4 mg. o l e i c  acid 
4 Rig. 1inolc;i.c acid 
4 mg. methyl l ino lea te  
4 mg. nethxl Ifnolonote 

40 
20 5 
300 
192 
156,227 

ContrG31 
4 mg, o l e i c  rc id  
4 mg. l i no le i c  ecid 

9 
17 
48 

Control 
4 mg. o le i c  aoid 
4 mg. l i n o l e i c  a c i d  

3912 
09 8 

42 (single value) 

L/ 100 mg f r e sh ly  homogaized varrO:i, suspondod j.n 4 nl. 0.025 
p~ 7.3 (10 per cent acr;tone). 
200 mg, freshly homogenized marroi!, suspadcd  i n  0.C25 g KH po 
(10 per cent acctcne), f i n a l  pN 6.0-6.2. 
100 mg. f r e sh ly  homogcnized m n r r o ' ,  suspended i n  0.025 
Linoleic and o lc ic  ecids  dissolved i n  d i l u t e  s o d i m  hydro&' 6d0m 
adding t o  -;;he buffcrcd homogenate. F i x 1  pH 6.0-6.2, 
100 mg. homoguniecd mnrsow susptiided i n  0.C25 
(10 per  ccnt acetone). 
before t h e  exyeriment. : 

phosphate, 

2 4  

2/ KH PO 

KH2PO4 

The compaunils t e s t ed  vere  obtc?in3d from Hormsl Foundction. 
autoxidztion i n  one hour under the  cond i t ims  tested.  

This LJQS the  sane mcrrw zs a', frozen 24 hours 

A l l  shwed no 
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Effect of R e e e n t s  Other Than Fcts 2 Bone NIclrrow RGspjsat im:  The -- 

honogenat,,s used i n  t h i s  series of experiments had a lowcr &-O2 than other 

workers have gound f o r  bone narrow but this was not unexpected, because 

most of t h e  experiments reported previously have bcen ca r r i ed  out Qn t i s s u e  

s l i c e s  o r  c e l l  cespersions. Beoause of t h e  well-known e f f ec t  of cytochrome 

c and adenosine t r iphosphate  on r c s p i m t i o n  of t i s s u e  homogenctes, tho tvo 

compounds w r e  added t o  homogenizcd bone m2rrow t o  t es t  t h e i r  e f f ec t  on 

i t s  oxygen uptake, 

bone nzrrom had no inf luence on t h e  r a t e  of oxygen uptcke, 

e f f e c t  of adenoshe  t r iphosphats  is shovn i n  Fig. 4 Barmn (2) states 

t h n t  they found mly  2 s l i g h t  enhanccnent of bmc ri2rrow r c s p i r a t i m  mith 

t h i s  cor~pound, I n  v i w  of  t he  v n r i e b i l i t y  o f t h e  res idunl  r e sp i r a t ion  of 

d i f f e ren t  marrow preperatiqns,  it i s  prgbeble t k r e  me e l s o  v s r i a t i o n s  in 

t h e  c m x n t r c t i m s  of v e r i w s  physiglogicc 1 c m s t i t u c n t s  of  t h e  t i s sue ,  

and t h i s  night accxmt f o r  t h e  fJiscrcpnncy botxccn these r c s u l t s  and Barren's, 

0.5 mg, cytochrome c per 100 mg. f r z s h l y  homogenized 

The s t imulct ing 

h o t h c r  cortpwnd knmn t o  hpvc 3 mrkec? s t i n u l s t i n g  Eiffect m the 

oxidatiqn of  lipir3s by vcri:us tissuss i s  ascorbic  acid (19, 20). 

eviclcncc o f  a sici.1c.r t y p b  T f  cc7telytic sxi&tim in bonc ncrrow hmogenates, 

w i th  o r  n i t h w t  aritled l i n s l c i c  m i d ,  was found (Table IV). 

No 

Increased bone mrrm r a s p i r ? t i x ~  i n  t h e  precmcc sf serw i s  v e l 1  

cst8blishc3. 

i n  the  u l t r a f i l t r a t e  q f  serum an? i s  x g a n i c  i n  nature.  il1thmg.h t h i s  

phenoncnon vas n .t obsorvcd c w s i s t e n t l y  i n  3ur experinents, t he re  was 

one not iceablc  e f fcc t  '3f serun, es shqm i n  Tsble IV, t h a t  is, inh ib i t i on  

o f  l i n o l e i c  acic? ?xichtion. 

l i n o l e i c  ac id  and t h e  s m m  prqtoins  o r  ( i n  Rrpt. 3, et leas t )  it could 

be caused by complexing o f  t h e  subs t ra te  v i t h  t r a c e s  of hePoglobin present.  

Warren (17) has &oTm t h c t  t h e  oc t ivc  p r inc ip l c  i s  present 

This nay bc caused by combinatim bettieen 
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Table I V  

Effect of  Ascorbic Acid and Serum on Bone Narrow Respiration and 
Linoleic Acid Oxidat ion 

Cmm, Oxygen Uptake 
I hr, 2 hr, - 

Bone marrow alone lJ 
dscorkic acid d o n e  
Linoleic ac id  a lone  

Bone marrow p lus  ascorbic Pcid 
Bone m r r o n  Flus l i n q l e i c  m i d  
Bone mcrron, ascorbic acid m d  l i n o l ~ i c  m i d  

Ascorbic acid p lus  I.in.r, L ~ i c  acid 

19 
34 

5 

22,27 
57 
66 

24 

2 nl. 1-10 homeenate of  bone mrra-l in s~:-um 2f 12 27 
Ditto,  p lus  IC mg, Ijnc?fcfc ac id  11, 31924 

2 ml. 1-10 honogenete o f  b-mc rnarro*ji in 0.9 per 

Ditto,  plus 4 me. linr:l&c ccitl 72,32 360,298 

(single 
cent  NaCl 3 12 values) 

2 nl. serun. 
Ditto,  plus 4 ~ g ,  l i n o i c i c  ricid 

0 
2 

1 ml. 1-10 dis?&c;bn of  b w e  nrrrorr i n  serwr, 2/ 14 
I ) i t to ,  plus 4 sg. l inol-eic  a c i d  76 123 

6 

1 nl. 1-1Ct disoersisn of bone ix.rroTt! in mtsr 
Di t to ,  ??us 4 ng. l i m l d c  zc id  

1 13. serun 
Ditto,  plus 4 ng, l i n o l e i s  ac id  

6 9 
150 212 

15,5 E: 
106,85 117 

200 ng. fres'nljr l.x.:og-;nie;:,d marmm suspended i n  4. ml. 0.025 
phosphate, pH S,?, 1 mg. ascorbic m i d  and 4 mg l i n o l e i c  ecid, as 
specified.  
Di lu t ions  aerc made ri i th physio1ogi::si s-?l.Fr!6 t 'o  prevent hemolysis 
of nny red c e l l s  p e s c n t .  

simply by s k i k b g  by hmd.  
t h i s  serun smp2.e 'JES mrioubtcdly causcd by hemoglobin, :;ince conditions 
p c n i t t e d  hemclysis of any rcd c c l i s  proscnt, 

Sam buzfer uscd i n  a l l  f izsks .  

2/ Bone mrro'::: s~sp;n.i!cd in scrux o r  wzter and t h e  sciis dispc;rs.sd 
The l i n o l e i c  ~ i c i d  oxid2tion observed i n  
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Accumulation 2 Peroxide in B o n e  Marrow L o n g p a t a g :  Since w- 

sa tura ted  f a t t y  ac ids  and estirs enhanced t h e  oxygcn uptuke o f  bone narrotv 

homogenates, an attempt was made t o  i s o l a t e  tho  fat  f r ac t ion  a f t e r  incu- 

ba t ion  t o  determine :iJhzther t h e  ex t ra  oxygen had gone i n t o  f a t  psroxide 

formstion. 

d i t i o n  of substrate.  

This vias also done i n  cxperimsnts which did not involve t h e  ad- 

Sevcral  methods of fat  ex t rac t ion  were t r i e d ,  bu t  

none 1:mc e n t i r e l y  sa t i s f ac to ry ,  Any quan t i t a t ivc  cor re la t ion  bctween ox- 

ygen uptake 2nd peroxide forna t ion  i n  bone marrow rrould requi re  more in- 

t ens ive  study of t hc  m o b l a  o f  f a t  extrcct ion,  As shown i n  Figs. 2, 3, 

and 4 t h e  u l t r a v i o l c t  cbsorption spectr?  of t he  extrects indicatl :  increased 

pcroxide fornat ion n i t h  ificresscd oxygen uptcke, but thz f i e w o s  caPZnot 

be in te rprc tod  quant i ta t ive ly .  

Heat S t a b i l i t y  pf Oxid*;tivc Cstalyst  B a  Marrov: The substance 

in bone marrow r c s p m s i b l c  f o r  unsa tur r t td  f t ; t  oxid7tion i s  q u i t e  d i f f e r e n t  

from t h e  :z l l - l tnom p l r n t  Zipoxideacs i n  i t s  s t a b i l i t y  t s  heat (Table V). 

I n  t h i s  r sspcc t  it i s  si-.ilgr f,o c? f a t  oxidzt ivs  ca td-ys t  i s o b t c d  f ron  

l i v c r  by Libclt ei E l l i 3 t t  (19). 

Cyanide fnhibitioi; or' Lino7-eic Acid Oxicis,tion: Although cyanide is 

gcncrall? cmsiclcrcd t o  be 3. s p c i f i c  i nh ib i to r  far mz,ymtic o r  c e t - l y t i c  

systems dcpending on heriin dar iva t ives  f o r  t h e i r  a c t i v i t y ,  it has been 

shom (21, 22, 23) t h a t  hc:>in-cztalyzcd uns?ttL-ated f a t  oxid3tion i s  not 

inh ib i ted  by cyanide, 

prescn% series of sxpcrinonts t h e  hcrct-ised r c sp i r a t ion  caused by addi t ion 

It i s  in t e ros t ing  t o  noto, hovmvcr, t h a t  i n  t h e  

of l i n o l e i c  ccid t o  bons marrav hoy:ogenates i s  coilpletely inh ib i ted  by 

cyanids whereas t h e  r c s idun l  r e sp i rp t ion  i s  only p o r t i a l l y  Inhibi ted 

(Tabl-e V I ) .  



Table V 

Heat S t a b i l i t y  of Oxidative Catalyst  i n  Blsne Marrow - 
o x y g e n p t a k e  

(em, o r  hour 
-&eat ed -- -- 

100 ng. f rozen bone nwro?!, homogenized 
suspended in 4 r ? l ,  0.025 & phosph&e, 
pH ?,6 (10 per c i n t  acetone) 27, 39 4,7968 

Ditto, pius  4 ng, l i n o l o i c  ac id  130,162 133 

2 d., 1-19 ex t r ac t  o f  s i i ccd  bone Earrow 
plus 4 cg. l i n o l 4 . c  acid 62,75 69 , 80 

I/ Sar2pl.c vas hcetcld a r i t f a  s t i r r i n g  i n  a w t e r  b?th.  
quirod t o  raise t h e  tc-iTpcratu.re t o  YOo C,, and the  smple %vas l e f t  in 
t h e  bcth 1 cin.  a f t a r  t h c  n z t e r  started t o  bo i l .  
hcating. 
Extraction =lore cor:?lcto than usual, epproxinating t h e  resul ts  obtained 
::hm Eons rimro?: was hocogenizad before extract ion,  

About 4  in. were re- 

Rc-boncgenized a f t e r  

- -  

Table VI 

Effzct of CyctnPdo 32; F?.?tty &id  Ox.i.da-tion i n  Bonc Marrow -- --I- e.. .I---.--- .-- - 
Cmr,. Gxyccn UptEke per  Hour 

200 ng. freshl;? hoi.o;;,nizsd bone i - ~ ~ r r o : ~  

Ditto,  p l u s  C :::E, linnlch c i d  
suspended ii; 4 cl. 32,47 

119 
20 
35 

10 ng, bonc mrrw '*. -':+le swpendcd i n  
4 r.11. 
(IO per cent acetom) 6 

39 
48 

0,025 &?phosphate, pH 7.6 

D i t t c t ,  plus 4 mg, l i n A e i o  acid 
Ditto, plus 26 ng. bone narrow fzt 

7 
6 

19 

L/ Finn1 concmtre-t ion .  Cyarii.de sohi t  ion:: ;!ere Ercshly prepared and 
The use o f  cyanide .'~n thG center  well t o  neut ra l ized  Seforc uss. 

prevent d i f f u s i m  of  HCN f ron t h e  m ~ i n  space, as described by RobSie (24), 
nado no dif ' fwemx i n  t h e  oxtcnt of cyanide inh ib i t ion ,  
Soe  Tabla 11, 
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-- Effect o f  Aainq and Dialysis  on Respiratorg A c t i v s z  gf B o n e  bhrrort~ 

Homogem,t,tes: Nuch hcs been sa id  about t h e  importmcc o f  using f r e sh ly  pre- 

pared honogenatcs in s tudies  of tissue resp i ra t ion .  The v a r i e b i l i t y  observed 

i n  bone marrow r c s p h a t i o n  during t h e  course of t h i s  mork l ed  t o  some expr i -  

ments on t h e  e f f ec t  of aging on oxygon uptake. The r e s u l t s  were e n t i r e l y  un- 

expected-instead of causing 2 decrease in the r e sp i r a t ion  of t h e  homogenate, 

storage a t  5" C, f o r  21, hours caused a marked increase (Table VII). 

Table VI1 

Effec t  o f  Aging and Dialysis  on Respiratory Act ivi ty  
of Bone Marrow Homogemtes 

w g c n  Uptake 
1 _haur 

No eubs t ra te  " X i n o l e i c  acid 

200 ng. homogenized bone '1 r r 0:i' 25 99,77 

d i s t i l l e d  x t t r ,  24 hrs., 5' C. 143 1 2 1  
Sane homg-nate c f t e r  72 h r s .  D i t l y s i s  168,137 112 

Y 
88 158,121 Same honogonil.te a f t o r  24 hrs. a t  5' C. 

Sane homogcnat o a f t  6r d is1 j r  Si s a i a in  st  

I/ Suspended in 4 n,l. 0.025 5 KM2P04 (10 por cent acctono) f o r  experimnt .  
No phosphete edded ffur9;*g Pging m? d i - l j s i s .  

Dialysis,  which i s  knonn t o  recovc subs t ra t  os av?ileblc fr?r ordinary tissue 

re sp i r a t ion ,  only ssrved t o  incrcTsc fbr ther  tht xygen  uptake 3f the  aged 

sanple. After d i s l y s i s  a d d i t i m  of l i n o l e i c  a c i d  no l o n g w  caused an in- 

crease  in the  oxygen uptake (if t h e  ho-,ogenstc, but ac tua l ly  depressa1 t he  

augmented r e s p k a t i m  observsd i n  t h e  dinlyzccl hovogenate. 

Fractionat- 3f  Marrml: The c a t a l y s t  responsible f o r  t h e  oxi- 

dat ion of l i n o l e i c  ecid i n  bone E ~ T T O W  ?#as found t o  bo associated with so l id  

ma te r i a l  when bone marroTJi s l i c e s  : m e  extracted.  

genized before e x t r a c t i ~ n ,  presumbly destroying t h e  cell structure, a large 

p a r t  of t h e  m t f v i t y  vas found in t he  oxtract .  

Ihcn the  t i s s u e  was homo- 

That t h i s  z c t i v i t y  was 
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not associated - 4 t h  the  hemoglobin prcsent i n  t h e  ex t rac t  was shown by t h e  

f rac t iona t ion  proccdure out l ined i n  Table V I I I .  

SUMMARY iQJD CONCLUSIONS 

Linoleic acid and r e l c t e d  f a t t y  acids  md e s t e r s  hr,ve been found t o  in- 

crcaso the  oxygen uptak.2 of bone mrrm homogenates. 

s;~:ublc f r a c t i m  o f  lyophilized marro'vv e fso  inoreases oxygen crmsunption of  

mri-o-;J propiirations. Since 8. cmgrsund s imi lz r  t o  l i n o l e i c  acid i s  known t o  

be prcsent i n  bone mrrow fet, it i s  suggest& %hat thc oxidsition of t h i s  

c:.in:pound may play 3. rs2l.e i n  bona ncrm'i] metabol5sF. 

The petroleum ether- 

In  t h e  prescnt stucl;; no z t t c a p t  hp,s bscn riado t o  d i f f e r e n t i a t e  t h e  var- 

i o u s  f r a c t i q n s  of  bnnc mrro':; f e t .  The bone n2rrm: f ~ t  referred t o  in  Table 

I1 consisted of t h c  wet~~ne-so?.ubLc f r n c t  i m  of  t h c  t o t a l  l i p i d s .  

The a x i d z t i m  of l - b f > l c i c  ac id  by bone mtwrov p r e p z r s t i m s  is probably 

no+, cnzymt ic  in nrrlurc ~ O C F . K S G  the a c t i v e  princip1.e i s  heat stcble. In 

view of thecr&hrr;?oietic firnetion of kone n,-rro7;l, 'I! hczin-type catalysis  

i s  suggssta:Z. 

crtioly-tic r e z c t i - a s  i n  a n i i x l  t i s s u c ,  ti?e c ~ t d y s t  i s  inhibi ted by cyanide, 

Silch i n h i b i t i m  i s  n9t cmsi-lcrec! pr,;.of th-it thi: substmce i s  LL hem derivative. 

The f a c t  t h c t  t h e  r w c t i m  i s  n.m-mxzyc,ctic :.?w,s not d c t r c c t  frm i t s  

L i k e  n a y  h e x  protcins  respmsi'ole fqr o t h s r  ty-ps ,?f 

p,?ssible i q o r t m c o  in boiw m r r o v  rmtzbolisr;?. 

in l ipcxidase and f a t  auL,5xii!zti,x system PSG i-:ell-knmn and m y  a l s o  occur 

i n  bone marrow:]. F i t  peroxide, :.!hich cccunuletes i n  howgenized narron under 

cer tn in  c o n d i t i m s ,  c ~ u l d  serve IS a ;?er,>x%e ,?,?nor 5n a rJeroxidnse system 

3rid might be of som i .np r t zncc  i n  t h i s  respect, 

C>x.~plcd oxidatiw rGections 

Prelixinary .frccti.snF.-t i4x1 expcrinsnts *,c:icEtc %hiit, t h e  a c t i v i t y  i s  

d i s t i n c t  fr1.x cJ1-c h glo!;i.g prcsont in bo2e ma.rrO-ti extr-.cts, 
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