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B i o c h e m i c a l  C h a n g e s  O c c u r i n g  d u r i n g  t h e  

D e v e l o p m e n t  o f  a T u r p e n t i n e  G r a n u l o m a  

A series of models  has  been suggested for the  s t udy  of 
the  non-specific i n f l ammato ry  reacti /zi ty of the  connec t ive  
tissue. Biochemical ly  and morphologica l ly  best  known is 
t he  so-called car rageenin  g ranu loma  induced  b y  sub-  
cu taneous  in jec t ion  of the  ex t r ac t  of t he  alga, Chondrus 
crispus, which proved  best  for these  purposes.  I t s  bio- 
chemical  profile passes via accumula t ion  of desoxyr ibo-  
nucleic acid and  of mucopotysacchar ides  of t he  ground 
subs tance  to  m a x i m a l  fo rmat ion  of  insoluble sclero- 
proteins  f rom soluble precursors  and to slow absorp t ion  of 
the  g ranu loma  x,2 W e  in tended  to  ascer ta in  if s imilar  non- 
specific changes  will  be observed in the  connec t ive  t issue 
componen t s  dur ing  the  d e v e l o p m e n t  of an  expe r imen ta l  
g ranu loma induced by  subcutaneous  inject ion of tu rpen-  
t ine oil. 

Methods. The  t r ia l  was pe r fo rmed  on 75 male  Vqistar 
rats ,  weighing 100 g each. The  animals  were  k e p t  on 
Larsen diet  and wa te r  ad libitum. E x p e r i m e n t a l  g r a n u -  
loma wag induced by  subcutaneous  in jec t ion  of 0.2 ml  of 
tu rpen t ine  oil (Oleum terebinthinae feet.). One inject ion was 
g iven  into the  subcutaneous  t issue of the  thorax ,  t he  second 
into the  abdomina l  a rea  so as to ob ta in  suff icient  a m o u n t  
of tissue. The  animals  were d iv ided  into  5 groups of 15 
rats.  Di f ferent  groups were killed by  decap i ta t ion  on the  
third,  fiffah, seventh ,  t en th ,  and fou r t een th  day  of  the  
trial.  The  granulomas  were ex t i rpa ted  and the  g ranu loma 
tissue f rom the  thorac ic  and abdomina l  area  was collected 
and homogen ized  wi th  0.5 ml  of 0.1 N N a O H  in a glass 
h igh-speed homogenizer .  The  homogena t e  was t h e n  dr ied 
to a cons t an t  weight  a t  105°C. In  the  d r y  mater ia l  we 
de te rmined  : 

(1) The  to t a l  hydroxypro l ine  a f te r  hydro lyz ing  the  
whole unmodi f ied  tissue, w i th  6 N HC1 a t  105°C dur ing  
20 h. Fo r  the  de t e rmina t ion  of hydroxypro l ine ,  we em- 
p loyed the  me thod  according to STEGEMANN in the  modi-  
f icat ion of C~VAPIL 3'4. (2) Alkal i  soluble substances  con-  
t a in ing  hydroxypro l ine  (hereinaf ter  A L O H )  were  ob-  
t a ined  wi th  the  use of repea ted  ex t rac t ion  of a pa r t  of the  
homogena te  wi th  0.1 N N a O H  at  room t empera tu r e  
dur ing  26 h. ( 3 ) I n s o l u b l e  connec t ive  tissue proteins  
(scleroproteins) were  de te rmined  in t he  t issue remained  
af te r  ex t rac t ion  of A L O H ,  b y  es t imat ion  of hydroxy-  
proline con ten t  in its hydro lyza te .  ( 4 )The  desoxyr ibo-  
nucleic acid con ten t  was de termined,  subsequent  to 
ex t rac t ion  wi th  t r ichloracet ic  acid, using the  m e t h o d  
according to SCHNEIDER 1$. (5)The hexosamine  con ten t  
was de te rmined  in the  t issue using the  m e t h o d  according 
to BLIX 6. ( 6 )To ta l  n i t rogen was de te rmined  using the  
microdifusion m e t h o d  of CONWAY 7. 

Results. The  resul ts  are summar ized  in the  Table .  The  
to ta l  hydroxypro l ine  con ten t  curve  c u l m i n a t e s  be tween  
the  'fifth and seven th  day  wi th  subsequent  decline toward  
the  t e n t h  and four teen th  day  where  t he  g ranu loma  is ab-  
sorbed (Figure t). The  A L O H  levels cu lmina te  on the  

f if th day  wi th  subsequent  rise in the  con ten t  of insoluble 
connec t ive  t issue proteins  up to the  m a x i m u m  on the  
s even th  day.  Then  the  A L O H  levels fall. L a t e r  a paral le l  
fall  of t he  levels  of A L O H  and  of insoluble connec t ive  
t issue proteins  occur. On the  four teen th  day,  the  levels of 
A L O H  are h igher  t h a n  the  levels of insoluble connec t ive  
t issue proteins.  The  desoxyr ibonucle ic  acid con t en t  
reaches its h ighest  peak  on the  f i f th  day  when  also heaos-  
amine  con ten t  shows its m a x i m u m  (Figure 2). There  is 
t hen  a cont inua l  fall of bo th  substances.  I t  is possible to  
dis t inguish three  stages of t he  i n f l a m m a t o r y  react ion 
which can  be  observed  also in the  d e v e l o p m e n t  of a 
tu rpen t ine  granuloma.  The  d e v e l o p m e n t  of this  reac t ion  
lasts, in some cases, several  mon ths  (exper imenta l  sili- 
cosis), in o ther  ins tances  f rom days to weeks (carrageenin 
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Fig. 1. Biochemical changes occuring during the development of a 
turpentine granuloma. 
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Fig. 2. Biochemical changes occuring during the deveiopment of a 

turpentine granuloma. 
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/100 mg 

]100 mg of dried tissue of dried tissue 

Insoluble DNA Hexosamine Nitrogen 
scleroprotein /100 mg [10O mg /100 mg of 
] 100 mg of dried tissue of dried tissue of dried tissue dried tissue 
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1054 :[: 97,5 475 
1225 :{: 53,0 586 
1233 :t: 47,2 388 
925 i 52,0 409 
600 :i: 45,0 330 

579,5 ~ 28,6 1262 :{: 125,0 646 :J: 41,3 4,93 :[: 0,33 
638 i 39,1 2239 i 122,8 805 + 12,5 7,96 :[: 0,44 
845 :~: 56,6 1663 :[: 72,1 612 :~: 78,2 4,88 i 0,25 
516 4- 38,7 1280 :[: 49,0 593 i 34,6 4,50 :t: 0,40 
269 -4- 46,6 1143 :~: 37,6 562 :t: 40,0 5,50 :t: 0,65 
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or t u r p e n t i f i e  g r a n u l o m a ) .  I n  t h e  f i r s t  s tage ,  a c t i v a t i o n  of 
ce l lu lar  e l e m e n t s  a n d  m u c o p o I y s a c c h a r i d e s  of t h e  g r o u n d  
s u b s t a n c e  o c c u r s - - t h e  a p e x  of  t h e  desoxyr ibonuc l e i c  ac id  
a n d  h e x o s a m i n e  c o n t e n t  in  t u r p e n t i n e  g r a n u l o m a  a t t a i n e d  
o n  t h e  f i f th  d a y  of t h e  t r ia l .  T h e  ce l lu lar  c o m p o n e n t  a n d  
t h e  m u c o p o l y s a c c h a r i d e s  fo rm t h e  bas i s  for  t h e  deve lop-  
m e n t  of c o n n e c t i v e  t i s sue  p ro te ins .  T h e  second  s t age  se ts  
i n - - a s  s h o w n  b y  b iochem i ca l  r e s u l t s - - o n  t h e  s e v e n t h  d a y  
of  t h e  d e v e l o p m e n t  of a t u r p e n t i n e  g r a n u l o m a  w h e n  t h e  
levels  of inso luble  c o n n e c t i v e  t i ssue  p ro t e in s  cu lmina t e .  
F i n a l l y  in  t h e  t h i r d  a n d  l a s t  s tage,  t he  i n v o l v e d  t i ssue  is 
r es to red .  The  resu l t s  show t he  t u r p e n t i n e  g r a n u l o m a  to  
b e  a su i t ab l e  mode l  for t h e  s t u d y  of biological  f unc t i ons  of 
t h e  c o n n e c t i v e  t i ssue  in  o rgan i sm.  

Zusammen/assung. Die B i l d u n g  eines V e r s u c h s g r a n u -  
toms,  bei  R a t t e n  m i t t e l s  s u b k u t a n e r  I n j e k t i o n  y o n  Ter -  
pent inS1 he rvo rge ru fen ,  w u r d e  verfolgt .  I m  Ver l au f  de r  
B i l d u n g  des  G r a n u l o m s  e r r e i c h t e n  die Spiegel  de r  Desoxy-  
r ibonuk le ins / iu re  u n d  de r  H e x o s a m i n e  a m  f~n f t en  u n d  die 
Spiegel  de r  un l6s t i chen  B i n d e g e w e b e p r o t e i n e  a m  s i e b e n t e n  
Tag  des Ve r suches  i h r e n  H 6 h e p u n k t .  Das  Terpent inS1-  
g r a n u l o m  zeigt  s ich  als ein gee ignetes  Model l  fi ir  das  
S t u d i u m  de r  B i n d e g e w e b e r e a k t i v i t ~ t .  

K. TRNAVSKX ~, Z. TRNAVSK/{., a n d  V. LAP£ROV2~ 

Research Institute o/Rheumatic Diseases, Pie,/any (Czecho- 
slovakia), October 20, 1960. 

E f f e c t  of X - I r r a d i a t i o n  o n  T r i g l y c e r i d e  

M e t a b o l i s m  o f  t h e  Rabbi t  

T h e  exposure  of va r ious  a n i m a l s  species to  l e t h a l  X -  
i r r a d i a t i o n  resu l t s  in  s ign i f i can t  a l t e r a t i o n s  in  p l a s m a  
l ip id  a n d  l i popro te in  m e t a b o l i s m  ~-a  Th i s  is c h a r a c t e r i z e d  
in  t h e  r a b b i t  b y  a p r o n o u n c e d  h y p e r l i p e m i a  ¢-5. 

Th i s  s t u d y  was  u n d e r t a k e n  to  d e t e r m i n e  if r a d i a t i o n  
l ipemia  was  due  to  a n  i m p a i r m e n t  in  t h e  r e m o v a l  r a t e  of 
p l a s m a  t r ig lycer ides .  I n  v iew of t he  i n t i m a t e  r e l a t i ons h ip  
b e t w e e n  va r ious  p l a s m a  lipids, w h e r e b y  a n  e l e v a t i o n  in 
one  resu l t s  in  c o n c o m i t a n t  increases  in  o t h e r  l ipids  6 t h e  
in i t i a l  a c c u m u l a t i o n  of p l a s m a  t r ig lycer ide  cou ld  exp l a in  
t h e  rise in  va r i ous  o t h e r  l ip id  f r ac t ions  w h i c h  cha rac t e r i ze s  
r a d i a t i o n  l ipemia~,L 

T h e  i n t r a v a s c u l a r  r e m o v a l  r a t e  of a n  in j ec t ed  1 lsl 
l abe led  t r io le in  emul s ion  was  m e a s u r e d  in n o r m a l  a n d  
X - i r r a d i a t e d  r abb i t s .  T h e  c o n c e n t r a t i o n s  of p l a s m a  tr i-  
g lycer ides  a n d  free f a t t y  acids  (FFA)  a n d  t h e  e x t e n t  of 
h e p a t i c  depos i t i on  of I TM t r io le in  were  also d e t e r m i n e d .  

Methods. Blood  samples  were  o b t a i n e d  f rom t h e  c e n t r a l  
ea r  a r t e r y  of New Z e a l a n d  A l b i n o  r a b b i t s  of e i t he r  sex a n d  
we igh ing  a p p r o x i m a t e l y  2.5 kg,  p r io r  to,  a n d  16 h follow- 
ing  s h a m - i r r a d i a t i o n  or  exposu re  to  1000 r whole  b o d y  
X - i r r a d i a t i o n .  Tile X - r a y  u n i t  was  o p e r a t e d  a t  250 K V P ,  
15 m a  w i t h  H V L  of 2.0 m m  Cu. T h e  dose  r a t e  was  32 r / r a in  
a t  a m i d - p o i n t  d i s t a n c e  of  70 cm,  con t r o l  a n d  e x p e r i m e n t a l  
r a b b i t s  were  t h e n  f a s t ed  for  16 h.  P l a s m a  t r ig lycer ide  s a n d  
free f a t t y  acids  ~ were  d e t e r m i n e d .  T h e  1 lax labe led  t r io le in  
emu l s ion  was  p r e p a r e d  as  a n  a n h y d r o u s  ba se  x0 e m p l o y i n g  
c o r n  oil. T h e  emu l s ion  was  a d m i n i s t e r e d  i n t r a v e n o u s l y  
16 h a f t e r  r a d i a t i o n  exposure ,  as  a 15% so lu t ion  in  t h e  
a m o u n t  of 0.5 g of t r ig lycer ide]kg .  T h e  d i s a p p e a r a n c e  of 
t h e  p h o s p h o l i p i d  a n d  t r ig lyce r ide  c o m p o n e n t s  of t h i s  
e m u l s i o n  h a s  b e e n  s h o w n  t o  be  s imi la r  to  t h a t  of h o m o -  
logous c h y l o m i c r o n s  ~0 a n d  h a s  been  e m p l o y e d  as  a 
q u a n t i t a t i v e  i n d e x  of  t h e  i n t r a v a s c u l a r  r e m o v a l  r a t e  of 
emuls i f ied  t r ig lycer ide  n .  

Ser ia l  i n t r a c a r d i a c  b lood  samples  were o b t a i n e d  f rom 
2 to  30 m i n  fol lowing t he  i n j e c t i o n  of t he  emuls ion  in 
u n a n e s t h e t i z e d  r a b b i t s  a n d  t o t a l  r a d i o a c t i v i t y  d e t e r m i n e d .  
T h e  I ~s~ labe led  l ipid in  whole  b lood  was  p r e c i p i t a t e d  in 
t h e  p resence  of ca r r i e r  iodide b y  t r i ch lo roace t i c  ac id  t~ a n d  
c o u n t e d  in a sc in t i l l a t ion  counte r .  The  d a t a  was  a n a l y z e d  
acco rd ing  to  t h e  t - t e s t  for pa i r ed  o b s e r v a t i o n s  or employ-  
ing a poo led  va r i ance .  

Discussion and Results. I n  b o t h  con t ro l  a n d  i r r a d i a t e d  
g roups  t he  p l a s m a  F F A  c o n c e n t r a t i o n s  a f t e r  16 h of 
f a s t ing  were s ign i f i can t ly  h i g h e r  t h a n  t he  in i t i a l  va lues .  
Since no  s ign i f i can t  d i f ferences  were n o t e d  b e t w e e n  
groups ,  t h e  inc reased  levels ref lect  t he  f a s t ing  s ta te .  

P l a s m a  t r ig lycer ide  c o n c e n t r a t i o n s  in all  con t ro l  r a b b i t s  
were  s ign i f i can t ly  decreased  be low t h e i r  in i t i a l  va lues .  I n  
con t r a s t ,  t h e  p l a s m a  t r ig lycer ide  c o n c e n t r a t i o n s  in  al l  t h e  
X - i r r a d i a t e d  r a b b i t s  were  s ign i f i can t ly  inc reased  b y  a 
m e a n  of 337% w i t h  increases  r a n g i n g  f rom 18 to 2140% 
a b o v e  t he  p r e - i r r a d i a t i o n  va lue .  

A s t u d y  of t h e  p l a s m a  l ip id  a l t e r a t i o n s  p r io r  to  a n d  
d u r i n g  t h e  d e v e l o p m e n t  of r a d i a t i o n  l ipemia  i n d i c a t e d  
t h a t  p l a s m a  t r ig lycer ide ,  p h o s p h o l i p i d  a n d  cho les te ro l  
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Effect of X-irradiation on lipid metabolism of rabbits 

Group and No. Plasma FFA mEq/L Plasma Triglyceride mg% I T M  Triolein t/2 
0 h 16 h 0 h 16 h min 

Control (6) 0.430 -4- 0,041 0.692 :~: 0,078 70.7 -4- 13.3 40.5 -4- 6.1 3.8 :[: 0.7 
1000 r (6) 0.434 :[: 0,063 0,754 :~: 0,112 66.8 q- 17,8 291.9 -4- 73,8 4.0 -4- 0.6 

Values are expressed as means 4- standard error. The half-time (t/~) is equal to the time at which the amount of radioactivity present in blood 
is reduced to one-half its zero-time concentration. This is determined by plotting, semilogarithmically, the blood radioactivity against time. 


