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Genesis  of F o a m  Cells: Study in Rats after Adminis trat ion  of Cholesterol -Chol ic  Acid 

A c c u m u l a t i o n  of  f o a m  cells in  t h e  l ungs  is a s p o n t a -  
n e o u s  d i s o r d e r  in t h e  r a t  ~-4. I t  h a s  b e e n  s h o w n  t h a t  a d ie t  
w i t h  a h i g h  fa t  c o n t e n t  g ives  r ise to  a n  a c c u m u l a t i o n  of  
p u l m o n a r y  f o a m  cells in  ratsS,  6, r a b b i t s  ~, a n d  g e r b i l s <  
O n  g iv ing  t r ig lyce r ides  ( I n t r a l i p i d  | to  ra t s ,  a n  inc rease  in 
t h e  n u m b e r  of b lood  m o n o c y t e s  a n d  a p u l m o n a r y  a c c u m u -  
l a t ion  of f o a m  ceils w a s  found ,  i n d i c a t i n g  a r e l a t i o n s h i p  
b e t w e e n  t he se  t w o  p a r a m e t e r s  9. T h e  p u r p o s e  of t he  p res -  
e n t  s t u d y  w a s  to  f ind  o u t  w h e t h e r  t h e r e  ex i s t s  a s imi l a r  
r e l a t i o n s h i p  in r a t s  g iven  a choles te ro l -chol ic  acid co n t a in -  
ing  diet .  

Materials and methods. A t o t a l  of 40 ma le  a n d  f ema le  
S P F  r a t s  of a b o u t  3 m o n t h s  of  age  of t h e  S p r a g u e - D a w l e y  
s t r a i n  were  d iv ided  in to  2 g roups ,  each  c o n s i s t i n g  of 10 
ma le s  a n d  10 females .  T h e  r a t s  in t h e  e x p e r i m e n t a l  g r o u p  
were  g iven  a spec ia l  diet ,  c o n t a i n i n g  1% cho les t e ro l  a n d  
0 .3% cholic  acid for  6 m o n t h s .  Tile a n i m a l s  were  w e i g h e d  
once a w e e k  a n d  t h e  a m o u n t  of food c o n s u m e d  w a s  
recorded .  B lood  s a m p l e s  were  t a k e n  a f t e r  2, 4 a n d  6 
m o n t h s .  O n  sacr i f ic ing,  t h e  l ungs  were  w e i ghed  a n d  
e x a m i n e d  g ros s ly  a n d  mic roscop ica l ly .  

S e r u m  a n d  lung  t i s sue  were  e x a m i n e d  for  t r ig lycer ides ,  
free f a t t y  acids,  cho les te ro l  a n d  p h o s p h o l i p i d s .  T o t a l  
cho les t e ro l  a n d  t r ig lyce r ide  va l ue s  were  s i m u l t a n e o u s l y  
d e t e r m i n e d  w i t h  an  A u t o - A n a l y z e r  a c c o r d i n g  to  t h e  
m e t h o d s  of  BLOCK et  al. ~~ a n d  KESSLER a n d  LEDERER 11. 

F ree  f a t t y  ac ids  were  e s t i m a t e d  b y  a s e m i - a u t o m a t e d  
m e t h o d  as desc r ibed  b y  BAIRD et  al.~% P h o s p h o l i p i d s  
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Table I. Differential counting of ieukocytes in rats given a cholesterol-cbolic acid containing diet 

Length of Granulocytes 

experiment Neutrophilie Eosinophilic (%) Basophilic (%) 

(months) Monocytes ~ Lymphocytes Band ( % ) Seg(%) 

Control Treated Control Treated Control Treated Control Treated Control Treated Control Treated 

2 ~ 0.2 1.7 89.9 90.3 0.0 0.0 9.3 6.7 0.6 1.3 0.0 0.0 
0.8 1.3 92.4 87.3 0.0 0.0 6.2 10.7 1.2 0.7 0.0 0.0 

4 ~ 0.3 1.6 64.3 85.7 0.0 0.0 25.6 11.2 1.3 1.4 0.0 0.0 
0.3 1.1 78.1 86.2 0.0 0.0 18.4 11.4 3.1 1.2 0.0 0.0 

6 ~ 0.3 2.3 78.9 80.9 0.0 0.0 18.6 15.7 2.1 1.1 0.0 0.0 
0.4 2.1 80.2 88.1 0.0 0.0 17.8 9.3 1.6 0.4 0.0 0.0 

Each value is the mean of 10 single values. ~ Monocyte increase statistically significant (P < 0.001) and caused by treatment (analysis of 
variance). 

Table II. Lipid concentration ~_ SEM in the blood serum from rats given a cholesterol-cholic acid containing diet 

Length of Sex Cholesterol (mg/100 ml) Triglycerides (bmoles/mI) Free fatty acids (p.Eq/ml Phospholipids (mg/100 ml) 

experiment (months) Control Treated Control Treated Control Treated Control Treated 

0 c? 88 2- 3 84 -4- 2 0.78 2_ 0.03 0.81 • 0.06 0.13 • 0.01 0.08 2_ 0.01 123 ~ 14 122 2_ 4 
95 ~ 3 82 2_ 4 0.65 2_ 0.05 0.68 • 0.06 0.16 i 0.01 0.06 2- 0.01 144 2- 6 135 2- 5 

2 (~ 113 2- 2 116 i 2 1.03 2_ 0.02 0.86 • 0.05 0.36 2_ 0.02 0.22 2_ 0.01 153 2_ 12 124 2- 3 
92 :J:: 5 80 • 7 0.51 2_ 0.02 0.53 i 0.05 0.30 :J: 0.02 0.16 2- 0.02 139 2_ 10 122 2_ 8 

4 3 118 2_ 11 160 2_ 5 1.02 2_ 0.06 1.03 2_ 0.04 0.51 ::k 0.02 0 48 2_ 0.02 133 :J:: 29 134 2- 5 
87 el_ 10 90 2- 5 0.57 2_ 0.07 0.70 2_ 0.10 0.55 -1- 0.04 0.48 4- 0.01 123 2- 9 132 4- 7 

6 ~ 150 2- 2 251 4- 13 1.00 • 0.07 1.54 • 0.10 0.44 2_ 0.01 0.38 2_ 0.05 129 2_ 4 164 2_ 20 
116 2_ 6 105 2_ 6 0.68 2_ 0.06 0.49 2_ 0.02 0.48 4- 0.02 0.32 ~ 0.02 151 ~ 10 154 4- 9 

Each value is the mean of 10 single values. 



1186 Speeialia 

Table III. Lipid concentration 4- SEM in the lungs from rats given a cholesterol-cholie acid containing diet 

EXPERIENTIA 30/10 

Sex Cholesterol (rag/g) Triglycerides (~zmoles/g) Free fatty acids ([zEq/g) Phospholipids (rag/g) 

Control Treated Control Treated Control Treated Control Treated 

2.6 4- 0.2 3.1 4- 0.1 6.8 4- 0.1 5.2 4- 0.5 8.8 4- 0.7 10.5 4- 0.5 8.6 4- 0.4 9.4 4- 0.2 

~? 2.7 4- 0.1 2.8 • 0.1 9.1 4- 0.8 4.8 4- 0.5 7.4 4- 0.9 11.3 4- 0.5 10.1 4- 0.2 9.7 4- 0.3 

Each value is the mean of 7 single values. 

were de te rmined  using a me thod  developed by  KRAML la 
for e s t ima t ion  of inorganic phospha te .  

The blood samples  were examined  for tile n u m b e r  of 
whi te  blood ceils, and  different ia l  count ing  of leucocytes  
was performed.  The calculated to ta l  n u m b e r  of blood 
cells of eacll cell t y p e  was compared  in contro l  and t r ea t ed  
animals  by  means  of an analysis  of variance,  in which the  
th ree  factors  t r e a tmen t ,  t ime and animal  were considered.  

Tissue samples  of the  lungs were fixed in 10% neut ra l  
formal in  solution. Paraf f in  e m b e d d e d  sect ions were 
p repared  and  s ta ined wi th  haematoxyl in -eos in .  F rozen  
sect ions were s ta ined  wi th  h a e m a l u m  and Sudan  l I I  for 
fat.  

Free  lung cells were de t e rmined  in 3 males and 3 females 
f rom each group. A b lun t  syringe needle was in t roduced  
into the  t rachea ,  and  7 ml of sterile saline were slowly 
in jec ted  in to  the  lungs and  wi thdrawn .  This wash ing  

Table IV. Free cells/mm ~ in lung washings from rats given a ehol- 
esterol-cholic acid containing diet 

Number of cells 

Sex Control Treated 

400 700 
300 600 

Each vaIue is the mean of 3 single values. 

process was repeated i0 times. A sample of the fluid was 

mixed with Tfirk's stain to count free lung cells, mainly 
foam cells. 

Results. The b o d y  weight  gain and food consumpt ion  
was the  same for control  and t r ea t ed  ra ts  dur ing  tile 
whole exper imenta l  period.  The haematologica l  examina-  
t ion revealed no i m p o r t a n t  differences be tween  the  2 
groups as to  the  to ta l  n u m b e r  of leukocytes.  Concerning 
the  monocy tes  the  different ial  count ing  of the  leukocytes  
showed differences be tween  contro l  and  t r ea ted  animals  
(Table I). The n u m b e r  of monocy te s  was  higher  in t r ea t ed  
ra ts  t h a n  in controls .  The monocy te  increase was s ta t i s t i -  
cally s ignif icant  in the  t rea ted  ra ts  according to  an  analys-  
is of var iance  (P  < 0.001). 

E x a m i n a t i o n  of the  s e r u m  lipids showed t h a t  in males 
there  was an increase in cholesterol  af ter  4 and 6 mo n ths  
and  in t r iglycer ides  a f te r  6 m o n t h s  (Table II).  Otherwise,  
no th ing  of note  was observed.  As to t he  lipid con ten t  of 
the  lungs, there  was no essent ia l  difference be tween  
control  and  t r ea t ed  ra ts  (Table III). 

There  was an increase in the  n u m b e r  of free cells, 
main ly  as foam cells, in the  Inng washings  (Table IV). The 
n u m b e r  of free cells was abou t  twice as m a n y  in t r e a t ed  
as in control  rats .  The mean  weight  of t he  lungs was 
comparab le  in control  and t r ea t ed  rats.  Grossly t he  lungs 
of t rea ted  ra ts  showed occasional  very  small  greyish foci. 
No such observa t ion  was made  in the  lungs of control  rats.  
Microscopically a sl ight  focal accumula t ion  of foam ceils 
was found  in all the  t r ea t ed  ra ts  and in 2 male and 1 
female control  ra t s  (Figure). On s ta in ing wi th  Sudan  I I I ,  
fine fa t  d rople t s  were found in the  cy top lasm of the  foam 
cells. 

Discussion. A focal accumula t ion  of foam cells in the  
lungs was observed in all ra ts  receiving the  cholesterol-  
eholic acid conta in ing  d ie t  and  in 3 control  animals.  
Accumula t ion  of foam cells is a spon taneous  disorder  in 
the  rat~,K The incidence in the  controls  in th is  s tudy  is 
lower t h a n  has been found for a cor responding  age group 4. 
The inves t iga t ion  thus  indica tes  t h a t  the  accumula t ion  
of pu lmona ry  foam cells is m u c h  more  f requent  in t r ea t ed  
t h a n  in control  rats.  This ind ica t ion  is also suppor ted  by  
the  resul ts  f rom the  lung wash ing  showing a greater  
n u mb er  of foam cells in t r ea t ed  t h a n  in control  animals.  
Thus,  the  resul ts  of the  s tudy  show t h a t  a cholesterol-  
cholic acid conta in ing  die t  can give rise to an accumula-  
t ion  of p u l m o n a r y  foam cells in the  rat.  This f inding is in 
agreement  wi th  observa t ions  in o ther  s imilar  invest iga-  
t ions  of l ipids 5, 6,1~ 

Foam cells in lung of rat receiving a cholesterol-cholic acid con- 
taining diet. Haematoxylin and eosin. • 250. 

13 M. A. KRA~L, Clin. chim. Acta 73, 442 (1966). 
14 ill. FLODH and G. MAON~JSSON, Virchows Arch. path. Anat. 

Physiol., Abt. B. 72, 360 (1973). 
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Moreover, the results show a Statistically significant 
increase in the number of monocytes in rats receiving the 
cholesterol-cholic acid containing diet. An elevated num- 
ber of monocytes is also observed, if an accumulation of 
pulmonary foam cells is induced by cloforex, an anoro- 
genic drug t~ or Intralipid | a triglyceride preparation 9. 
Thus, experimental studies give evidence that there is a 
monocytosis in connection with an accumulation of 
pulmonary foam cells. This might also be true of related 
conditions in which foam cells are involved. 

Zusammen/ctssung. Cholesterol-choIs/~urehalt iges F u t t e r  
v e r u r s a c h t e  bei  der  R a t t e  e inen  s t a t i s t i s ch  s ichergestel l -  
t en  Ans t i eg  der  M o n o z y t e n  im B l u t  u n d  eine fokale 
A n h ~ u f u n g  voi1 Schaumze l l en  in der  Lunge.  
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The Branching Pattern in Apical Dendrites of Cortical Neurons 

The  m o r p h o m e t r y  of dendr i t e s  is i m p o r t a n t  for 
func t iona l  mode l l ing  ~ and  for t he  ques t ion  of f u n c t i o n a l  
a d a p t a t i o n  of n e u r o n s  to  e n v i r o n m e n t a l  cond i t ions  ~,3. 
Therefore ,  our  ana lys i s  for s e g m e n t  l eng ths  a n d  b i fur -  
ca t ion  p robab i l i t i e s  pe r  order  of  t h e  basa l  dendr i t e s  ~ is 
s u p p l e m e n t e d  here  w i t h  t he  s imi la r  ana lys i s  of t he  
apica l  dendr i tes .  The  ana lys i s  was  car r ied  ou t  w i t h  t he  
same 30 p y r a m i d a l  n e u r o n s  f rom l a m i n a e  I I ,  I I I  and  I V  
of t h e  s t r i a t e  area  of t he  a d u l t  r a b b i t  3. This  p rov ides  t he  
bas ic  m a t e r i a l  for t he  a b o v e - m e n t i o n e d  ques t ions .  

Methods. All d a t a  were ca lcu la ted  f rom the  3 ca r t e s i an  
coord ina tes  of all t h e  in i t ia l  po in ts ,  t he  b i f u r c a t i o n  
p o i n t s  and  t he  end  points ,  m e a s u r e d  in  80 ~m t h i c k  
Golgi  sect ions.  A cen t r i fuga l  o rder ing  3 of s egmen t s  was  
applied,  since some b r a n c h e s  are i n e v i t a b l y  cut .  The  
d i f f icu l ty  t h a t  t h e  apica l  dendr i t e s  do n o t  h a v e  a sym-  
me t r i ca l  b r a n c h i n g  s t r u c t u r e  3, was  m e t  b y  d is t in -  
gu ish ing  2 p a r t s  in  t h e  apica l  dend r i t e s  (ref. 4): 1. t he  
m a i n  b r anch ,  o rde red  s t a r t i n g  a t  t he  p r o x i m a l  s e g m e n t ;  

2. t he  obl ique  b ranches ,  o rdered  sepa ra t e ly  s t a r t i n g  a t  
t he  s egmen t  a r iz ing  f rom the  m a i n  b ranch .  Along w i t h  
order,  also t y p e  was d e t e r m i n e d :  i.e., end  s egmen t  or 
i n t e r m e d i a t e  segment .  Cut  s egmen t s  were no t  cons idered  
for s egmen t  l e n g t h  ca lcula t ions .  The  i t h  order  b r a n c h i n g  
p robab i l i t y ,  p(i), is defined,  i r respec t ive  of t he  l e n g t h  of 
t he  segment ,  as t he  q u o t i e n t  of t he  n u m b e r  of in te r -  
med i a t e  segments  (N~) a n d  t he  t o t a l  n u m b e r  of s egmen t s  
(NI + N~.) of t h a t  order.  

Results and discussion. The  l eng ths  of t h e  segments  of 
t h e  basa l  dend r i t e s  3 a n d  t he  l eng th s  of t h e  s egmen t s  of 
t he  apica l  m a i n  b r a n c h e s  and  of t he  apica l  obl ique  
b r a n c h e s  all  show f r equency  d i s t r i b u t i o n s  t h a t  are 
skewed to t h e  r i g h t  for all orders  (e.g. F igure  1). 

I~ is r e m a r k a b l e  t h a t  t he  l eng ths  of t he  i n t e r m e d i a t e  
segments  of t he  ap ica l  m a i n  b r a n c h e s  show the  m a x i m u m  
in t he  same class (10-20 Fm) for t h e  orders  1, 2 and  3, 
as do the  i n t e r m e d i a t e  s egmen t s  of t he  basa l  dendr i tes~.  
The  i n t e r m e d i a t e  s egmen t s  of t he  apica l  ob l ique  b r a n c h e s  
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Fig. 1. The frequency distributions of the intermediate segment 
Iengtbs of the main branches frola the apical dendrites, 
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Fig. 2. The bifurcation probability as a function of the order, a) The 
corrected bifurcation probabilities of the oblique dendrites with a 
0.95 binomial confidence interval b) The corrected bifurcation 
probabitities of the basal dendrites with a 0.95 binomial confidence 
interval. 


