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lar ies  - p r e s u m a b l y  because,  as in t he  skin,  these  lie 
closer to  t he  surface  of t he  t i ssue  and  hence  suffer  more  
i n j u r y  5, 6. The  meso the l ium,  and  t h e  l y m p h a t i c  a n d  b lood  
e n d o t h e l i u m  al l  showed v e r y  s imi la r  changes ,  wh ich  
were n a t u r a l l y  m o s t  p r o n o u n c e d  a d j a c e n t  to  t he  in ju r ious  
s t imul i .  In i t i a l ly  t he  ceils appea red  s h r u n k e n  w i t h  dark ,  
e lec t ron-opaque ,  c y t o p l a s m  a n d  p seudopod i a ;  a f te r  
30 m i n  more  a n d  more  cells b e c a m e  swollen, pale  an d  
oedematous .  Some blebs  were seen, t o g e t h e r  w i t h  m a n y  
large vacuoles.  Un l ike  w h a t  h a p p e n s  w i t h  more  severe 
b u r n s  i~, t he  smal l  vesicles seemed to increase  in number s .  

The  nucle i  of all 3 classes of cells showed m u c h  ev idence  
of cel lular  con t r ac t i on  ( the venules  in the  case of h i s ta -  
mine,  a n d  t he  capi l lar ies  w i t h  t h e r m a l  in jury) .  A t  
m a x i m u m ,  some 30% of nucle i  were affected.  T h e  

c o n t r a c t i o n  occurred  ear ly  in  all cases a n d  passed  off b y  
90 min.  Th i s  is s imi la r  to  w h a t  h a s  been  obse rved  b y  
i n t r a - v i t a l  mic roscopy  w i t h  venu les  3. T h e  c o n t r a c t i o n  of 
t h e  m e s o t h e l i u m  a n d  of t h e  l y m p h a t i c  e n d o t h e l i u m  is 
i m p o r t a n t  since these  t i ssues  are n o t  sub jec t ed  to t h e  
pressure  o f  t h e  blood. Th i s  is a d d i t i o n a l  ev idence  t h a t  
t h i s  is a n  ac t ive  c o n t r a c t i o n  a n d  n o t  j u s t  pass ive  recoil  s . 
The  assoc ia t ion  of t h i s  c o n t r a c t i o n  w i t h  t h e  open ing  of 
t h e  in te rce l lu la r  junc t ions ,  p a r t i c u l a r l y  in  t h e  meso-  
the l ium,  ind ica tes  t h a t  i t  is t h e  ac t ive  c o n t r a c t i o n  wh ich  
opens  t h e  junc t ions .  (A l though  i t  m u s t  be  r e m e m b e r e d  
t h a t  the re  are n o r m a l l y  some open  meso the l i a l  j unc t i ons  16.) 
Of course, t h e  poor ly  s u p p o r t e d  l y m p h a t i c  endo the l i a l  
j u n c t i o n s  are easi ly  opened  b y  th i s  c o n t r a c t i o n  as well  as 
b y  all t h e  o the r  fac tors  n o r m a l l y  a f fec t ing  t h e m ,  inc lud ing  
t h e  o e d e m a  7 

T h e  Tab le  shows t h a t  VenMot  causes  some increase  in  
t h e  n u m b e r  of open  b lood  vascu la r  j u n c t i o n s  as has  been  
recorded  elsewhere11,12. I t  d id  n o t  a p p e a r  to  h a v e  a n y  
effect  on  t h e  cel lular  c o n t r a c t i o n  itself, a l t h o u g h  the  
s l igh t  increase  in t h e  n u m b e r s  of open  b lood  vascu l a r  
j u n c t i o n s  suggests  t h a t  th i s  m a y  indeed  be  t h e  case, b u t  
t h a t  our  n u m b e r s  of o b s e rv a t i o n s  were insuf f ic ien t  to  
de t ec t  it. A n y  increased  leakage  of p ro t e i n  occas ioned b y  
t h i s  is more  t h a n  c o m p e n s a t e d  for b y  its ac t ion  in 
r e m o v i n g  p r o t e i n  (and hence  oedema)  f rom t h e  t issues.  
This  Mlows t h e  l y m p h a t i c s  to  be  less d i l a t ed  a n d  to h a v e  
fewer open  j u n c t i o n s  since, a l t h o u g h  some cells con t rac t ,  
m a n y  of t h e m  do not ,  an d  a n y  lessening of t h e  o e d e m a  
will  lessen t h e  t en s i o n  in t h e  a n c h o r i n g  f i laments ,  t h e  
d i l a t ion  of t h e  l y m p h a t i c s  a n d  t h e  s e p a r a t i o n  of t h e i r  
endo the l i a l  cells ~. 

Zusammen/assung. Hi tze  u n d  H i s t a m i n  v e r m 6 g e n  eine 
K o n t r a k t i o n  der  E n d o t h e l ze l l en  fe iner  V e n e n  zu erzeu- 
gen. H i t ze  u n d  H i s t a m i n s c h ~ d i g u n g  des Mgusezwerchfe l ls  
(E n d o t h e l f en s t e ru n g )  f i ihr t  zu K o n t r a k t i o n e n  y o n  Endo-  
the lze l len  u n d  Mesothel ia lzel len.  Venalo t ,  ein P r o d u k t  
aus  C u m a r i n  u n d  T r i h y d r o x y e t h y l - R u t i n ,  v e r m a g  das  
Oedem zu besei t igen.  

j . R .  CASLEY-SMITI-I a n d  TIFFANY BOLTON 

Fig. 2. A lymphatic, 30 mill after burning, without Venalot treatment. 
The nucleus has become ovoid, with little indication of cellular con- 
traction after this period. There is a considerable amount of protein 
in the tissues and in the lumen, x 8000. 

Electron Microscope Unit, University o/Adelaide, 
(South Australia), 27 June 1973. 
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C o m b i n e d  S u r g i c a l  a n d  R a d i a t i o n  I n j u r y  VIII:  T h e  E f f e c t  of  t h e  G n o t o b i o t i c  S t a t e  on  W o u n d  C l o s u r e  

Despi te  ex tens ive  cl inical  a n d  e x p e r i m e n t a l  inves t iga -  
t ion,  t h e  m e c h a n i s m  of w o u n d  hea l ing  has  n o t  been  
comple t e ly  e luc ida ted .  P rev ious  s tud ies  h a v e  d e m o n s t r a t -  
ed a de lay  in w o u n d  c o n t r a c t i o n  fol lowing whole  b o d y  
X - i r r a d i a t i o n  in t h e  m i d l e t h a l  range.  R e t a r d a t i o n  in  
w o u n d  closure was m o s t  m a r k e d  w h e n  t h e  r o d e n t  was  
i r r a d i a t e d  4 days  pr io r  to  w o u n d i n g k  The  i r r ad i a t i o n  
induced  m o r t a l i t y  was  s ign i f i can t ly  increased  b y  wounding .  
P a r t i a l  bone  m a r r o w  shie ld ing 2 bone  m a r r o w  t r a n s p l a n t a -  
t i on  ~ or t he  a d m i n i s t r a t i o n  of r a d i o p r o t e c t i v e  c o m p o u n d s  a 
decreased  t h e  m o r t a l i t y  and  p a r t i a l l y  cor rec ted  t he  r ad ia -  
t i on  induced  r e t a r d a t i o n  in w o u n d  con t r ac t ion .  A m a j o r  
fac to r  u n d e r l y i n g  t he  a u g m e n t e d  m o r t a l i t y  a n d  de layed  
w o u n d  hea l ing  p a t t e r n  in t h e  whole  b o d y  i r r a d i a t e d  

a n i m a l  m a y  be  t h e  decreased  res i s t ance  to in fec t ion  
cha rac t e r i s t i c  of t h e  hemato log ic  syndrome .  A l t h o u g h  t h e  
w o u n d  hea l ing  a b n o r m a l i t y  was  n o t  cor rec ted  b y  t h e  
a d m i n i s t r a t i o n  of a n t i m i c r o b i a l s  s, sugges t ing  t h a t  bac t e r i a l  
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Germfree 

Radiation response Not Wounded 

Conventional 

Wounded Not Wounded Wounded 

Deaths/exposed 0/18 3/18 10/18 18/18 
30-day mortality 0 21 55 100 
(%; 95% C.L.) -- (2 -- 40) (32 - -  78] - -  
Survival time (days) 
Mean-~xS.D. 30 22-4- 3 2 1 ~  3 10•  4 
Median 30 24 21 10 
Range 30 12 -- 26 17 -- 30 7 -- 16 

infect ion did no t  p lay  a p r e d o m i n a n t  role, we elected to  
fu r the r  eva lua te  t he  role of infect ion by  s tudy ing  the  
p a t t e r n  of wound  heal ing  in i r rad ia ted  and  non- i r r ad ia ted  
gnotobio t ic  rats.  

Matericds and method. 54 germfree  female  ra t s  and  54 
conven t iona l  ra t s  were ob ta ined  f rom ChaXrles R iver  
Breed ing  F a r m s  a t  the  age of 12 weeks. The care and 
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Wound closure pattern in conventional and germfree rats. Germfree 
atfimals are indicated by the closed circles, conventional rats by the 
open eiretes. The interrupted line indicates the irradiated rats; the 
solid line the sham-irradiated controls. Each point represents the 
average of 18 rats, except as mortality intervened (see Table). 
There was no mortality in the non-irradiated animals. The cross in 
the irradiated wounded conventional group indicates the last 
survivor, all points from 4 h to 14 days are significantly different 
from all others with a p-value at least 0.05: 

hand l ing  of the  germfree  animal  is p re sen ted  in a pr ior  
pub l ica t ion  ~. The pr inciples  o ! l abora to ry  an imal  care as 
p romulga ted  by  the  Nat iona l  Society for Medical  Research  
were observed.  6 weeks following s h i p m e n t  the  expe r imen t s  
were  in i t ia ted .  

One half  o f  the  germfree  group and  one hal f  of t he  
convent iona l  group were i r radia ted.  Animals  were exposed  
to 800 R del ivered by  means  of a 250 K V P  X - r a y  uni t  
wi th  0.25 m m  copper  and  i m m  a l u mi n u m added  f i l t ra t ion  
at  a dose ra te  of 64 R/rain.  Control  groups were sham 
i r radia ted .  4 days  following i r radiat ion,  one half  of the  
n u m b e r  of animals  in each i r rad ia ted  or non- i r r ad ia ted  
group were  w o u n d ed  as prev ious ly  descr ibed  1. I m m e d i a t e l y  
af ter  wound ing  and at  t h e  t ime  in tervals  ind ica ted  in t h e  
Figure, t he  longi tudina l  and  lateral  d iamete r s  of the  
wound  were measured.  The p ro d u c t  of these  measure-  
men t s  was used as an index  of the  ini t ial  w o u n d  size for 
each animal ,  Mor ta l i ty  for each major  group was  recorded  
for 30 days  af ter  i r radia t ion.  

Results and discussion. Morta l i ty  d a t a  is p re sen ted  in 
t he  Table.  The e x p e c t e d  d imin ished  sens i t iv i ty  of the  
germfree  an imal  to  rad ia t ion  was observed.  The in tac t  
germfree  animals  had  no m o r t a l i t y  whereas,  the  i n t ac t  
conven t iona l  an imals  had  a 55% mor ta l i ty .  B o t h  germ- 
free and convent iona l  animals  d e m o n s t r a t e d  an increase 
in mor t a l i t y  when  the  non- le tha l  wound  was super imposed  
on the  r ad ia t ion  injury.  The Figure  p resen t s  t he  wound  
healing pa t t e rns .  The p a t t e r n s  in t he  non- i r r ad ia t ed  
germfree  and  convent iona l  animals  were no t  s ignif icant ly  
di f ferent .  W h e n  i r rad ia t ion  p receeded  wound ing  b y  4 
days,  d i s t inc t  changes  were no ted  in survival  as well as 
in wound  heal ing in conven t iona l  bu t  no t  in germfree  
rats .  The closure p a t t e r n s  in t he  conven t iona l  ra t s  was  
a l tered by  radia t ion .  The ini t ial  increase in size con t inued  
for 4 days,  a per iod longer t h a n  in t he  un i r rad ia ted  animal ,  
unt i l  these  wounds  were  a lmos t  twice the i r  ini t ia l  size. 
Af ter  the  4 th  day  closure was underway,  bu t  ti le wounds  
were still  a p p r o x i m a t e l y  80% of t he  ini t ial  size a t  14 days.  
At  14 days  wounds  of the  unexposed  ra ts  were  less t h a n  
20% of t h e  ini t ial  size. This  r e t a rda t i on  of con t rac t ion  
following rad ia t ion  is compa t ib le  w i th  our  pr ior  repor t s  t-~ 
and  those  of o thers  ~, s. In  germfree  ra ts  r ad ia t ion  d id  no t  
al ter  wound  closure. There  was no s ignif icant  difference 
be tween  the  wound  closure curve  for unexposed  germfree  
animals  and those  exposed to  800 R X-ray.  The ha l f - t ime  
for closure was be tween  8 and  9 days  in b o t h  groups.  
W o u n d s  of unexposed  animals  changed  f rom peak  size 
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to  hal f  size b e t w e e n  t he  1st a n d  9 th  days  pos t  wound ing .  
I n  X - i r r a d i a t e d  animals ,  w o u n d s  of c o n v e n t i o n a l  an ima l s  
fell f rom p e a k  size to  1.8 on  t he  4 t h  pos t  wound ing  day  
to  0.9 on  t h e  13 th  d a y ;  w o u n d s  of germfree  r a t s  f rom a 
p e a k  of 1.2 0 n t h e  2nd pos t  w o u n d i n g  day  to 0.6 on  t h e  
10 t i t  d a y  pos t  wound ing .  

The  effect  of t h e  mic rob ia l  f lora  on  w o u n d  hea l ing  
has  been  t h e  sub jec t  of sporad ic  i nves t iga t ion  and  of ten  
conf l ic t ing  resul ts .  ROVlZq e t  al. 9, CAR~ER et  al. ~o a n d  
]3RODY et  al. n were u n a b l e  to  d e m o n s t r a t e  a n y  change  in 
hea l ing  r a t e ,  g r a n u l a t i o n  t i ssue  or r a t e  of col lagen 
p r o d u c t i o n  in germfree  or c o n v e n t i o n a l  an imals .  The  
p r e sen t  s t u d y  suppor t s  these  f ind ings  u t i l i z ing  t h e  open  
wound  c o n t r a c t i o n  model  of GRILLO 7 wh ich  e l imina tes  
p r o b l e m s  i n h e r e n t  in  us ing  s t r e n g t h  of w o u n d  as a n  i n d e x  
of heaI~ng. 

I n  t h e  p r e sen t  s t u d y  i r r ad ia t ion  d id  n o t  p roduce  a 
r e t a r d a t i o n  in t h e  germfree  a n i m a l  where  t he re  ha s  been  
e l im ina t i on  of uncon t ro l l ed  and  va r i ab l e  bac te r i a l  infec- 
t ion  as a compl i ca t i ng  fac to r  of t h e  surgical  r epa i r  
mechan i sms .  I t  shou ld  be p o i n t e d  ou t  t h a t  t he re  are  
o t h e r  differences  in  t h e  gno tob io t i c  an i m a l s  inc lud ing  a 
d i m i n i s h e d  to t a l  l y m p h o c y t e  mass  a n d  i m m a t u r e  
immuno log ic  c a p a c i t y  a n d  resu l t an t ,  increased  r a d i a t i o n  
res is tance.  Bac te r i a l  c o n t a m i n a t i o n  wh ich  occurs  follow- 
ing r a d i a t i o n  i n j u r y  in non -gno tob io t i c  an ima l s  p rov ides  a 
pa r t i a l  e x p l a n a t i o n  for t h e  lack of r e t a r d a t i o n  of t h e  
w o u n d  closure p a t t e r n  obse rved  in t he  germfree  an imal .  

These  obse rva t i ons  sugges t  t h a t  w o u n d  hea l ing  a b n o r m a l -  
i t ies wh ich  occur  fol lowing r a d i a t i o n  in r a t s  result ,  in  
par t ,  f rom bac te r i a l  c o n t a m i n a t i o f l  and  e n t r y  of more  
v i r u l e n t  o rgan i sms  due  to  impa i r ed  i m m u n e  c a p a b i l i t y  
s econda ry  to  hemato log ic  r a d i a t i o n  in ju ry .  

Zusammen/assung. Es  wurde  die \ u  y o n  R 6 n t -  
g e n b e s t r a h l u n g  (800 1R) a m  Hei lungsprozess  bet  o f fenen  
W u n d e n  in  n o r m a l e n  n n d  keimfreier l  R a t t e n  un te rsuch t_  
Die  B e s t r a h l u n g  v e r l a n g s a m t e  die W u n d h e i l u n g  bet  den  
no rma len ,  j edoch  n i c h t  bet  den  ke imf re i en  R a t t e n .  

R. M. DONATI, M. M. McLAUGHLIN and  
Lw.  R.  STROMBERG 
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The Effects of Low Concentrations of Actinomycin D upon Nucleic Acid Synthesis  i n  
Different Cell Types 

An i m p o r t a n t  p r o p e r t y  of a c t i n o m y c i n  D (AMD) is to  
b i n d  to t h e  D N A  molecule  in  m a m m a l i a n  cells ~. A t  
ce r t a in  doses AMD has  been  found  to  de lay  i n i t i a t i o n  of 
D N A  syn thes i s  in  :Ehrlich asc i t es  cells a n d  mouse  ~e~eu- 
h u m  in v ivo  e. Th i s  effect  h a s  also been  obse rved  in v i t ro  
a t  c o n c e n t r a t i o n s  w i t h i n  t he  r ange  0.01-0.1 Fg/ml~, ~. 
W i t h i n  th i s  r ange  of concen t r a t i on ,  AMD appea r s  to  
i n h i b i t  se lec t ive ly  nuc leo la r  syn thes i s  of IRNA w i t h o u t  
h a v i n g  a n y  i m m e d i a t e  effect  on  e i t he r  t he  r a t e  of D N A  
syn thes i s  or on  R N A  syn thes i s  in  ex t r a -nuc l eo l a r  p a r t s  
of t h e  nucleus~-6.  

50r- %, 
~: 4 0 ~  

30' 

2c 
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Fig. 1. Percentage of an asynchronous culture of L-ceils labelled by 
a pulse exposure to aHTdR as a function of time in AMD. O, 0.04 
,~g/ml. 

RlCtg]NSON ~ has  shown  t h a t  c o n t i n u o u s  i n c u b a t i o n  of a n  
a s y n c h r o n o u s  p o p u l a t i o n  of L-cells w i t h  0.04 ~g/ml  AA{D 
blocks  e n t r y  of cells in to  t he  D N A  s y n t h e t i c  phase  a f te r  
a b o u t  6 h. The  b lockage  is i n c o m p l e t e  however ,  a n d  some 
12 h l a t e r  a s u b s t a n t i a l  p e r c e n t a g e  of t h e  p o p u l a t i o n  
succeeds in e n t e r i n g  S phase  a n d  comple tes  a n o t h e r  
r o u n d  of D N A  synthes is .  I n  r ecen t  work  on  t he  i n i t i a t i o n  
of D N A  synthes is ,  HATFIELD et  al. ~ d id  no t  obse rve  
th i s  effect  w h e n  e i the r  e m b r y o n i c  mouse  f ibro las t s  (EMF) 
or H E p / 2  ceils were c o n t i n u o u s l y  i n c u b a t e d  w i t h  0.04 
a g / m l  AMD. The  p r e sen t  e x p e r i m e n t s  were the re fo re  
u n d e r t a k e n  to  conf i rm ~E{ICI{INSON'S resu l t  and  to  de te r  
m ine  if t he  effect  is pecu l i a r  to  mouse  L-cells or if i t  can  
be  d e m o n s t r a t e d  for  o t h e r  cell t y p e s  b y  c h a n g i n g  t he  
c o n c e n t r a t i o n  of AMD. 

Materials and methods. B o t h  mouse  L-cells a n d  H E p / 2  
ceils were used  as e s t ab l i shed  celI l ines  in  these  exper i -  
men t s .  These  cells were g rown in P y r e x  feeding bo t t l e s  w i t h  
m e d i u m  199 (Wellcome Ltd) ,  a n d  10 % foetal  calf  s e rum 
(Flow Labora to r i e s ) ,  for L-cells, and  Eag le ' s  m e d i u m  
(Wel lcome Ltd. )  a n d  t0  % foe ta l  calf  s e rum buf fe red  t o  
p H  7.2 w i t h  b i c a r b o n a t e  for  H E p / 2  cells. 
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