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The  ave rage  re sp i ra t ion  dif ference is more  t h a n  severa l  
s t a n d a r d  dev ia t ions .  A t  zero u r e t h a n  concen t r a t i on ,  we 
obse rved  no  s ign i f ican t  differences  be t w een  t h e  mi to -  
c h o n d r i a  w i t h  and  w i t h o u t  tocopherol ,  so t h e  presence  of 
t h e  tocophero l  d id  no t  s t i m u l a t e  mi tochondr i a I  r e sp i r a t ion  
in our  expe r imen t s .  

The  tes t s  for m a l o n d i a l d e h y d e  f o r m a t i o n  as an  i n d e x  
of l ip id  p e r o x i d a t i o n  in  these  groups  of m i t o c h o n d r i a  d id  
no t  show a s ign i f ican t  difference.  

I n j ec t ed  m i t o c h o n d r i a  and  tocopherol .  T he  m i t o c h o n -  
dr ia l  oxygen  c o n s u m p t i o n  of t h e  mice  wh ich  were g iven  
tocophe ro l  was  s ign i f i can t ly  g rea te r  t h a n  t he  u r e t h a n -  
i nduced  cont ro l s  as s h o w n  in  t h e  Table .  

Discussion. Our  resu l t s  ind ica te  t h a t  t ocophe ro l  pro-  
t ec t s  m i t o c h o n d r i a  aga ins t  t he  depress ing  effects of ure-  
t h a n  on  r e sp i r a t ion  b o t h  in v i t ro  a n d  in  vivo.  A l t h o u g h  
free rad ica l  scaveng ing  is a f r e q u e n t l y  i nvoked  m e c h a n i s m  
for p ro t ec t i ve  ac t ion  of ~- tocopherol ,  our  fa i lure  to  de t ec t  
s ign i f ican t  differences in  l ip id  p e r o x i d a t i o n  suggests  t h a t  
a n o t h e r  p r o p e r t y  of the  tocophe ro l  is ope ra t i ng  here.  In  
v iew of t he  r ecen t  emphas i s  on  t h e  ca t a ly t i c  effect  of toco-  
pherol  in t he  r e s p i r a t o r y  chain,  we are  inc l ined  to t h i n k  in 
these  di rect ions .  

The  r e l a t ionsh ip  of these  f ind ings  to  u r e t h a n  carcino-  
genesis is in te res t ing .  The re  is ev idence  t h a t  u r e t h a n  m u s t  
f i rs t  be  me t abo l i z ed  before  i t  can  ac t  as a ca rc inogen  5. 
However ,  f rom s tudies  on m i t o c h o n d r i a l  biogenesis ,  i t  is 

k n o w n  t h a t  anaerob ios i s  leads  to  a l t e red  cel lular  mor-  
pho logy  inc lud ing  en la rged  nuclei,  en la rged  m i t o c h o n d r i a  
w i t h  fewer c r i s tae  and  o the r  changes  s imilar ,  to  cancerous  
cells 6. There fore  we h a v e  some ev idence  t h a t  in  u r e t h a n  
carcinogenesis ,  t he  f i rs t  s teps  m a y  be  a r e sp i r a to ry  im- 
p a i r m e n t .  

Our  resul t s  also sugges t  t h a t  e x p e r i m e n t a t i o n  on ure-  
t h a n  carc inogenesis  in  t he  presence  of t ocophe ro l  be un-  
de r t aken .  Large  scale expe r imen t s ,  a long  t he  l ines of t h e  
i.p. in jec t ions  m a y  yield an  answer  to  t he  p rob l em of 
w h e t h e r  t he  d o m i n a n t  m e c h a n i s m  in u r e t h a n  carcinoge- 
nesis  is a resu l t  of t he  r e sp i r a to ry  i m p a i r m e n t .  Lysergic  
acid d i e t h y l a m i d e  coun t e r ac t s  t he  anes the t i c  effect  of 
u r e t h a n  b u t  does n o t  af fec t  t he  ca rc inogenec i ty  ~. The  re- 
l a t ion  of v i t a m i n  E to anes the t i c  ac t ion  r ema ins  to  be  in- 
ves t iga ted .  Therefore  these  e x p e r i m e n t s  would  be  of 
p rac t i ca l  a n d  theo re t i ca l  i m p o r t a n c e  s . 

Rdsumd. La  d@ress ion  i ndu i t e  p a r  l ' u r 6 t h a n e  sur  la 
r e sp i r a t ion  des mi tochondr i e s  a 6t6 mesur6e  en pr6sence de 
la v i t a m i n e  E (e-tocoph6rol) .  Ces agen ts  f u r e n t  ut i l is6s 
in v i t ro  et  auss i  in ject6s  i n t r ap6 r i tone l l emen t .  Nos r6sul- 
t a t s  m o n t r e n t  que l ' a p p o r t  de v i t a m i n e  en raye  la d iminu-  
t ion  de la r e sp i r a t i on  caus6e p a r  l ' u r6 thane .  Ils a t t e s t e n t  le 
r61e que  joue  l ' u r 6 t h a n e  dans  la  carcinog6n~se et  la neces- 
sit6 de pour su iv re  ces exp6riences  sur  une  plus  g rande  
6chelle. 

A. E. SMITH, R. ROY, C. SCOTT and  I. WAHEED 

Mitochondrial respiration (nM 02[min/mg mito protein) 

Injection Run 

1 2 3 4 

Average S.D. 

Urethan (0.5 mg/g body wt.) 19 21.8 26 

Urethan (0.5 mg/g body wt.) and 
cr (1 IU/gbodywt.) 31 31 31 

19 21.5 =E 2.86 

34 31.8 • 1.30 
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Effec t  of  E n d o t o x i n  a n d  D i e t a r y  P h o s p h o r u s  on  
B o n e  M a r r o w  C e l l s  1 

Guinea-p igs  fed die ts  c o n t a i n i n g  h igh  l e v e l s  of phos-  
p h o r u s  are more  r e s i s t an t  to  sa tmonel los is  t h a n  cont ro ls  s. 
W e  h a v e  r ecen t ly  obse rved  t h a t  t he  R E  c learance  r a t e  of 
ssP-labeled,  ki l led Salmonella typhimurium organ i sms  is 
e l eva ted  in guinea-pigs  3 days  a f t e r  Salmonella typhi- 
murium e n d o t o x i n  a d m i n i s t r a t i o n  s. T he  r a t e  was  signif-  
i can t ly  g rea te r  in  guinea-pigs  fed 1.0% t h a n  in those  fed 
0.4% of d i e t a r y  p h o s p h o r u s  and  c learance  was effected 
p r i m a r i l y  b y  t h e  liver.  KELLY et  al. r also obse rved  t h a t  
e n d o t o x i n  induced  p ro l i f e ra t ion  of l iver  re t icu loendo-  
the l i a l  (RE) cells 3 days  a f t e r  e n d o t o x i n  chal lenge.  Th i s  
s t u d y  was i n i t i a t e d  to  d e t e r m i n e  w h e t h e r  or no t  increased  
p ro l i fe ra t ion  of l iver  R E  cells accoun t s  for t he  g rea te r  
c learance  r a t e  obse rved  in an i m a l s  fed h igher  levels of 
phosphorus .  

Materials and methods. 5-week-old female  guinea-pigs  
were fed d ie ts  c o n t a i n i n g  e i the r  0.4 % or 1.0 % p h o s p h o r u s  2 
for 6 weeks  t h e n  t r e a t e d  i.p. w i t h  Salmonella typhimurium 
e n d o t o x i n  3. Three  days  a f te r  e n d o t o x i n  t r e a t m e n t  a 
pulse dose of a H - t h y m i d i n e  (specific ac t iv i ty ,  20 Ci /mmole)  
was  g iven  i.p. (25 tzCi/100 g b o d y  weight) ,  and  24 h l a t e r  
t he  an ima l s  were anes t he t i z ed  and  hepar in ized l  The  

t h e  P r o l i f e r a t i o n  of  L i v e r  R e t i c u l o e n d o t h e l i a l  a n d  

l ivers  were per fused  ill s i tu  w i t h  a p h o s p h a t e  buffered  
(pH 7.4) glucose + KC1 + NaC1 so lu t ion  5. Tile en t i re  
l iver  was  homogen ized  in  water ,  and  t he  D N A  e x t r a c t e d  6 
and  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y L  R a d i o a c t i v i t y  
was  d e t e r m i n e d  8 on  t h e  D N A  ex t rac t .  F e m u r  bone  
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mar row  was removed,  homogenized  in water ,  and process-  
ed in t h e  same manner .  

To de t e rmine  the  va l id i ty  of an increase in specific 
ac t iv i ty  of whole  l iver  D N A  as a measure  of R E  cell 
prol i ferat ion,  2 animals  were t r ea t ed  wi th  3H- thymidine  
(specific ac t iv i ty ,  8 Ci/mmole) as above and  the  R E  cells 
concen t r a t ed  f rom the  per fused  l ivers by  an enzymic  
d iges t ion  technique% 19. Two g of each l iver were used to 
de te rmine  the  specific ac t iv i ty  of whole l iver  DNA. The 
r ema inde r  was t r ea t ed  11 wi th  collagenase and pronase  to 
concen t r a t e  t he  R E  cells pr ior  to  de t e rmina t i on  of the i r  
D N A  specific ac t iv i ty .  

Results and discussion. As shown in the  Table,  endo- 
tox in  admin i s t r a t i on  s ignif icant ly  (p < 0.05) increased 
the  ra te  of ~H- thymidine  incorpora t ion  into l iver DNA. 
The specific ac t iv i ty  increased app rox ima te ly  50% 
regardless  of d i e t a ry  phosphorus  level. Thus,  endo tox in  
admin i s t r a t i on  increased the  ra te  of prol i fera t ion  of R E  
cells b u t  there  was no in te rac t ion  wi th  the  level of d ie t a ry  
phosphorus .  Al though  an increased ra te  of cell prolifera-  

Photomicrograph of 6 mononuclear cells typically observed in RE 
cell isolates prepared enzymatically from guinea-pig livers. Nuclei 
were dark purple, and some were irregular in shape. Cytoplasm was 
abundant in some and scant in other ceils. Vacuoles in the cytoplasm 
were fairly common. The amorphous stained background material 
is guinea-pig plasma used to preserve morphology. Wright-Giemsa 
stain. • 800. 

t ion m a y  be a par t ia l  exp lana t ion  for the  e levated  R E  
clearance ra te  which  occurs in guinea-pigs 3 to 4 days  
af ter  endo tox in  challenge, i t  does no t  explain  t he  earlier 
obse rva t ion  3 t h a t  animals  fed the  h igher  phosphorus  
level, have  a h igher  c learance rate.  

T h a t  t he  r ad ioac t iv i ty  de t e rmined  arose p r imar i ly  
f rom R E  ceils is shown by  da t a  ob ta ined  f rom the  cell 
isolates. The cells concen t r a t ed  enzymat ica l ly  were 
p r e d o m i n a t e l y  mononuc lea r  cells as shown in t he  Figure;  
p a r e n c h y m a l  cells made  up only 15 to  20% of the  isolate. 
The specific ac t iv i ty  of DNA in th is  cell popu la t ion  af ter  
in v ivo labeling wi th '  t h y m i d i n e  averaged 1 5 . 9 4 -  2.6 
while t h a t  of D N A  from the  same whole livers was 
3.4 4- 0.8, a 5-fold difference. Thus,  t he  increase in specific 
ac t iv i ty  of whole l iver D N A  is a val id  measure  of R E S  
proliferat ion.  The rad ioac t iv i ty  in mouse  l iver as eva lua ted  
by  au to rad iog raphy  af ter  aH- thymid ine  admin i s t r a t ion  
also showed h igh  specif ic i ty  in t he  label ing of R E  cells 1~. 
Few p a r e n c h y m a l  cells were labeled before or af ter  
endo tox in  admin is t ra t ion .  

As shown in t he  Table,  endo tox in  decreased signific- 
an t ly  (P  < 0.05) the  specific ac t iv i ty  of bone  mar row 
D N A  in the  guinea-pigs fed 1.0% phosphorus .  Thus,  
the re  was  an  in te rac t ion  of endo tox in  t r e a t m e n t  and  
high phosphorus  to  depress  the  ra te  of incorpora t ion  of 
aH- thymid ine  in to  bone mar row cell DNA.  E n d o t o x i n  
has  been  shown to  induce leukocytosis  la by  increased 
release of ma t u r e  cells f rom bone  mar row 14, is and  greater  
prol i fera t ion of bone  mar row s t em cells 1~,17 The leuko- 
cy te  count  is grea ter  b o t h  prior  to  and  af ter  Salmonella 
typhimurium infect ion in guinea-pigs fed the  h igher  level 
of phosphorus  2. Release and/or  prol i fera t ion of bone 
mar row cells m a y  be greater  in h igh  phosphorus  animals.  
If so, the  reduc t ion  in specific ac t iv i ty  could be expla ined 
by  a grea ter  release of a h ighly  labeled cell populat ion,  
or a di lut ion of the  a m o u n t  of aH- thymid ine  available to  
each cell in t he  larger s t em cell populat ion.  

Mechanisms o ther  t h a n  R E S  prol i fera t ion  m u s t  be 
invoked to  explain  the  larger clearance ra te  in guinea-pigs 
fed 1.0% phosphorus .  Fo r  example ,  endo tox in  is known 
to increase R E S  clearance ra tes  in mice by  the  ac t iva t ion  
of t he  preexis t ing  l iver R E  cells 12 and  t o  increase the  
adsorp t ion  ac t iv i ty  in preexis t ing  mouse  per i tonea l  
macrophages  Is. E n d o t o x i n  aiso enhances  se rum opsonin  
levels as ref lected by  the  increased in t r avascu la r  clearance 
of asP-labeled Salmonella typhimurium and carbon  pre-  
t r ea t ed  wi th  serum f rom endo tox in - t r ea t ed  animals19. 

Incorporation of SH-thymidine into liver and bone marrow DNA 
after endotoxin treatment a 

Dietary 15ndotoxin Specific activity of DNA 
phosphorus (%) treatment Liver (dpm/[zg) Bone marrow 

(dpm/[xg) 

0.4 -- (10) b 17.0 • 1.9 215.4 • 20.3 
+ (13) 25.4 o 4- 4.0 222,6 :i: 15.7 

1.0 --(9) 16.1 + 1.2 239.3 =t= 9.6 
+ (12) 24.9 c -4- 4.0 171.4 a 4- 18.8 

25 ~.Ci 3H-T/100 g body weight injected i.p. 24 h before sacrifice and 
3 days after endotoxin treatment, b Number of animals. ~ Two-way 
analysis of variance of the liver data shows a significant difference 
(p < 0.05) due to endotoxin irrespective of the dietary phosphorus 
level, a There was a significant (p < 0.05) interaction between 
phosphorus level and endotoxin treatment, and a significantly 
(p < 0.05) lower S.A. of DNA in bone marrow of endotoxin-treated 
animals fed high phosphorus. 
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Resumen. E1 grado mayor  de prol iferacidn de las R E  
c61ulas despu6s del t r a t a m i e n t o  de endo tox ina  no fu6 
afectado p o t  la can t idad  de fdsforo del r@gimen de al imen- 

tac idn pero 1.0% del f6sforo abat i6  el t h y m i d i n e  incor- 
porado den t ro  del D N A  de la m6dula 6rea. 
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Splenic Cellular Responses in vitro After Tumour- Immuniza t ion  

Some c o m m i t t e d  small  l y m p h o c y t e s  cont inue  the i r  
immunologica l  role, w i th  rap id  t r an s fo rma t ion  to  prolif-  

e r a t i n g  cells in the  even t  of re-exposure  to  t he  ini t ia l ly 
sensi t izing an t i gen<  L y m p h o c y t e s  m a y  be s t imula ted  
mi to t ica l ly  or t r ans fo rmed  by  p h y t o h e m a g g u t i n i n  (PHA) 2. 
Al though  the  full s ignificance of such s t imula t ion  is no t  
known,  the  r eac t iv i ty  of l ymphocy te s  to  P H A  has been 
used as one of t he  pa rame te r s  for eva lua t ing  the  i m m u n e  
s ta tus  of indiv iduals  car ry ing  or immunized  to tu rnouts  a- 5. 
We have  descr ibed an induc t ion  of ac t ive  an t i - t umour  
i m m u n i t y  to  a t r ansp l an t ab l e  m e t h y l c h o l a n t h r e n e  induced  
sa rcoma w i t h  Sendai  v i rus- fused cells in A / J a x  mice  ~. In  
the  s tudies  repor ted  here we examined  cellular response  
of spleen lympt locytes  f rom immunized  mice wi th  and 
w i thou t  add i t ion  of P H A  in cultures.  

Materials and methods. Spleens were~removed f rom mice 
and  phys ica l ly  dissociated to produce  a suspens ion  of 
single cells. Cells were grown in Eagle ' s  m i n i m u m  essential  
m e d i u m  wi th  5% hea t  inac t iva ted  normal  r abb i t  serum 
and  1% glutamine.  )kntibiotics were added  to  t he  medium.  
P H A - P  (Difco Laborator ies ,  Detroi t ,  Michigan) was added  
to  some cul tures a t  di lut ions of 1 : 25 and  1 : 250 f rom the  
stock. Tr ipl icate  cul tures  of 2•  cells (2 ml) were 
p repa red  for each group in glass tubes  w i th  loosely f i t ted  
caps. 3H- thymidine  was purchased  f rom the  New E n g l a n d  
Nuclear  Corporat ion,  Boston,  Mass., w i t h  a specif ic i ty  
of 6.7 C/nM in sterile deionized water .  The ceils were  
incuba ted  a t  37~ in a humif ied  a tmosphe re  of 5 % CO 2 
in air. 

The incorpora t ion  of t r i t i a t ed  t h y m i d i n e  by  the  ceils in 
cul ture  was e s t ima ted  according to  t he  m e t h o d  descr ibed 
by  DENT ~. The resul ts  were  ca lcula ted  as counts  per  min  
(cpm) per  culture.  

Results and discussion. Splenic cell p repa ra t ions  were 
s tudied  f rom 5 i m m u n e  mice and  5 normal  control  mice of 
comparab le  age. The i m m u n e  mice had  been  given 3 sep- 
ara te  fused-cell  immuniz ing  doses and  were res i s tan t  to  
a t  least  one t u m o u r  challenge 6. The resul ts  are given in 
the  Table.  There  was good ag reemen t  be tween  the  individ-  
ual r ad ioac t iv i ty  levels wi th in  t r ipl icates ,  of the  order  of 
5 -10%.  However ,  a wide range of var ia t ions  in the  radio- 
ac t iv i ty  was found in individuals  wi th in  each group, 
especially among  those  f rom i mmu n e  mice. The da t a  was 
therefore  t r ans fo rmed  to logs to  s tabi l ize  the  var iance  and  
achieve addi t iv i ty .  As a resul t  of th is  t r ans fo rmat ion ,  the  
s t an d a rd  devia t ion  varies d i rec t ly  as the  mean.  

The control  spleen cell culture,  w i t h o u t  add ing  PHA,  
showed a low level of rad ioac t iv i ty .  By  contras t ,  i mmu n e  
spleen cells exh ib i t ed  a h igh  rise in rad ioac t iv i ty ,  th i s  
being 23 fold grea ter  t h a n  the  contro l  (the difference is 
s ignif icant  a t  1% level). These observa t ions  indica te  t h a t  
a h igh  degree of spon taneous  D N A  synthes i s  of lympho-  
cytes  occurred in the  i m m u n e  mice. This  is compat ib le  
w i th  an ongoing i mmu n e  response  ill the  immunized  
animals  in which  viable  t u m o u r  cells were in jec ted  15 days  
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Tritiated thymidine incorporation by normal and immune A/Jax mouse spleen cells with or without PHA stimulation in culture 

Experimental group 

~H-thymidine incorporation (mean cpm]culture ~- S.E. 

Unstimulated 

Ratio of incorporation 

PHA stimulated PHA 1 : 25 PHA 1 : 250 
stimulated/ stimulated/ 

1 : 25 1 : 250 unstimulated unstimulated 

Control 95 -4- 17 4,933 -t- 706 1,932 4- 261 
(2.45 • 0.22)~ (3.74 4- 0.07) (3.46 4- 0.08) 

Immune 2,211 =[= 1,548 7,248 -t- 1,877 4,884 :t= 896 
(2.95 + 0.28) (3.80 :t: 0.72) (3.65 -4- 0.10) 

Ratio of incorporation (immune]control) 23.3 1.3 2.5 

Difference (t-value) 3.45 b 0.95 3.31 c 

51.9 20.3 

3.3 2.2 

In these experiments, 2 • 106 spleen cells were cultured in 2 ml of medium with or without PHA for 48 h of culture. 2 [zc 3H thymidine in 0.2 ml 
was added for the final 5 h of culture. Results are expressed as the mean counts per rain (cpm) of 5 animals in each group having triplicate 
samples for each spleen in culture. The triplicates in each spleen culture have less than 10% variation in counts. �9 Figures in parenthesis 
indicate mean cpm/culture J: S.E. after log~0 (X) transformation, b Significant at 1% level; c Significant at 5% level. 


