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The in vitro Effect of Adrenergic Agents and Related Compounds on Triglyceride Levels of Guinea- 
Pig Lymphoid Cells 

S. KIGOSttI and R. ITO 

Department o[ Pharmacology, School of Medicine, and Department of Pharmacology, Cancer ResearCh Institute, Kanazawa 
University, Kanazawa (Japan), 25 August 1975. 

Summary. Isoproterenol, epinephrine and norepinephrine were highly potent in decreasing the triglyceride levels 
of the splenic lymphoid ceils from guinea-pigs ill vitro, while they were quite inert upon the inguinal lymph node cells. 

There is increasing evidence that  several functions of 
the immune system are intimately associated with the 
adrenergic receptors in the plasma membrane of lympho- 
cyte t-% In a previous work we reported the characteristic 
distribution patterns in the lipid constituents of guinea- 
pig lymphoid cells v. This raises the question as to whether 
the adrenergic drugs, known to stimulate lipolytic 
act ivi ty  in adipose tissues s, might influence the lipid 
contents of lymphoid ceils. The present study demonstrates 
that  tile triglyceride levels of the splenic lymphoid cells 
from guinea-pigs are highly sensitive to adrenergic cate- 
cholamines. 

Guinea-pigs of Hart ley strain, weighing 500-700 g, 
were injected with Freund's complete adjuvant  on foot- 
pad. 2 weeks after injection, the spleen and inguinal lymph 
node were removed from the animals, which had been fed 
with diet and given water ad libitum. Suspensions of 
lymphoid cells from spleen and lymph node were prepared 
following the procedure described previouslyL The me- 
dium used was Krebs-Ringer phosphate buffer, pH 7.4 
(KRP) 9. For each experiment, spleens and lymph nodes 
from at least 4 or 8 animals, respectively, were pooled, 
yielding approximately 0.4 g (wet weight) of lymphoid 
cells. Tile washed ceils were finally suspended in an 
appropriate volume of KRP contain!rig 2% of bovine 
albumin fraction V (Armour Laboratories), supplemented 
with 100 IU/ml  penicillin and 100 [zg/ml streptomycin, so 
as to contain approximately 5•  s cells/ml with a 
viability greater than 90% by trypan blue test. The cell 
suspensions were distributed to 200-ml flasks in about 
50 ml aliquots, and the flasks incubated at 37 ~ for 2 h 
with shaking in an atmosphere of air. At the end of the 
incubation, the cells were harvested by washing in IKRP. 
The triglycerides of the washed ceils were extracted and 
analyzed as reported elsewhereL In assessment of the 
effect of catecholamines on the lipid levels, the values 
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Effect of eatecholamines on the triglyceride contents of lymphoid 
cells from spleen and inguinal lymph node of guinea-pigs. Symbols: 
O, isoproterenol; (~, epinephrine; Q, norepinephrine. 

determined from the cells incubated in the presence of 
drugs were evaluated as percentage of the drug-free con- 
trols. The compounds used were obtained commercially. 

The log dose-percent response relationships obtained 
from 3 adrenergic agonists, isoproterenol, epinephrine 
and norephinephrine, are presented in the Figure. Under 
the experimental conditions used in this study, the res- 
ponse to drugs of the lymphoid cells from the pooled 
tissues varied greatly from day to day. However, a com- 
parison of these dose-response figures reveals that  the 
3 agonists were capable of producing a similar, but  unique 
for each cell source, response of the triglyceride levels of 
lymphoid cells, Thus, the splenic cells were extraordinarily 
sensitive to the catecholamines: When the splenic cells 
were incubated for 2 h in 10 -s M concentration of the 
drugs, the triglyceride levels fell to about 25% of the 
original levels (triglycerides/dried cells: 28.9 • 6.5 mg/g 
for control cells and 6.6 :~ 1.9 mg/g for drug-treated cells, 
p < 0.05). The response to logarithmically decreased dose 
of the 3 drugs decreased in a linear fashion (correlation 
coefficient r = 0.88 and regression coefficient b = -0 .83,  
p < 0.01) over the range from 10 -5 to 10 -z~ M, and ap- 
proached the control lipid levels at  a concentration of 
10 -~~ M (triglyceride contents: 22.6 • 3.5 mg/g for con- 
trol cells and 14.7 :k 2.3 mg/g for drug-treated cells, 
p < 0,1). Their 50% decreasing dose was approximately 
10-s M. Surprizingly, at lower concentrations beyond 10-~0 
M the drugs caused sometimes a significant decrease far 
over the range of daily Variations in the triglyceride 
contents of the splenic cells (triglyceride contents at 
concentrations of 10 - n  to 10 -e0 M, n = 12:36.7 -b 7.3 
mg/g for control cells and 27.0 -t- 6.2 mg/g for drug- 
treated cells, 0,4 > p > 0.2). The reason of these in- 
consistent and apparently paradoxical variations in the 
drug responsiveness, observed in the range of picomolar 
or less concentrations, is unknown at the present time. 
The effect of phenylephrine was considerably less than 
that  observed with the three catecholamines, the 50~ 
decreasing dose being approximately 10 -s M, while 
ephedrine had practically no effect over the range of 
concentrations 10-1~ -s M (percent contents of tri- 
glycerides: 43-85% for phenylephrine and 71-107~ for 
ephedrine). These results were very similar to those 
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Effect of adrenergic blocking agents on triglyceride content of 
splenic cells when added alone or with adrenergic catecholamines 

Experiment Drugs Concentration Content of 
number (M) triglycerides (%) 

I 1 Isoproterenol 10 -s 64.4 
2 Propranolol 10 -7 51.1 
3 Isoproterenol 10 -s 21.5 

+ 
Propranolol 10 -~ 

II 1 Epinephrine 10 -9 40.4 
2 Phentolamine 10 -6 12.4 
3 Epinephrine 10 _6 11.3 

+ 
Phentolamine 1 0  -6  

,Adrenergic catecholamines were added 5 rain after the addition of 
the blockers. 

decrease  in t r ig lycer ide  c o n t e n t s  was  p roduced  w i t h i n  1/2 
to 1 h, r e ach ing  t he  m a x i m a l  response  a f t e r  2 to  4 h. On 
6-hour  i ncuba t i on ,  t h e  l ipid levels rose t o w a r d  t he  con t ro l  
levels.  I n  an  a t t e m p t  to  d e t e r m i n e  t h e  mode  of ac t ion  for  
adrenerg ic  agents ,  t h e  effects of t h e  ca t echo l amines  were 
e v a l u a t e d  in  t he  presence  of a- and /3 -ad rene rg i c  b lock ing  
agents .  I n  t h e  Tab le  are  g iven  t he  resu l t s  of 2 e x p e r i m e n t s  
in  wh ich  isoproterenol ,  ep inephr ine ,  p rop rano lo l  a n d  
p h e n t o l a m i n e  were added  as ind ica ted .  Unexpec t ed ly ,  
b o t h  p ropano lo l  a n d  p h e n t o l a m i n e ,  w h e n  added  s ingly  
in t he  splenic  cell suspens ions ,  caused  a d r a m a t i c  lower ing  
of t he  l ipid levels,  and  t he  i sopro te renol -  or  ep inephr ine -  
i nduced  r e d u c t i o n  of t he  l ipid c o n t e n t s  were unaf fec ted  
b y  t he  p resence  of e i t he r  of t h e  adrenerg ic  blockers .  
I n t e r e s t i ng ly ,  f a t t y  acids h a v e  r ecen t l y  been  shown  to be 
i n v o l v e d  in co r t i cos te ro id - induced  l ymphocy to ly s i s  (TUR- 
NELL e t  al. 16) a n d  in t he  r e g u l a t o r y  m e c h a n i s m  for  cell- 
m e d i a t e d  i m m u n i t y  b y  p r o s t a g l a n d i n s  (MERTIN a n d  
H~JGHEsl~). The  p r e sen t  resu l t s  sugges t  a n  i n v o l v e m e n t  
of l ipid m e t a b o l i s m  in physio logica l  f unc t i on ing  of lym-  
phocy t e s  t h r o u g h  adrenerg ic  r ecep to r  sys tem.  

r epo r t ed  b y  FELLER a n d  FINGER 1~ in  r a t  e p i d i d y m a l  f a t  
t issue.  I n  m a r k e d  con t r a s t ,  u n d e r  s imi la r  cond i t ions  none  
of t he  ad rene rg ic  agen t s  ac t ive  u p o n  splenic  cells caused  
a n y  s ign i f i can t  change  in t he  t r ig lycer ide  levels of t he  
l y m p h  node  cells, even  w h e n  i n c u b a t e d  in c o n c e n t r a t i o n s  
as h igh  as 10 -5 M ( t r ig lycer ide  c o n t e n t s :  39.6 ~ 3.6 mg /g  
for con t ro l  cells a n d  39.0 ~ 3.5 mg/g  for  d r u g - t r e a t e d  
cells, p > 0.8) (Figure) .  W h e t h e r  or n o t  th i s  c o n t r a d i c t i o n  
b e t w e e n  t he  two  l y m p h o i d  cell popu l a t i ons  of d i f fe ren t  
sources  mere ly  ref lects  t he  v a s t  complex i t i es  of e a c h  
pooled cell p o p u l a t i o n  n-~5, r em a i ns  unclear .  T he  t i m e  
course of t he  effects  of i sopro te reno l  on  splenic  cells was  
fol lowed for r a n g i n g  up  to  6 h. A l t h o u g h  t he  t ime  course 
cons ide rab ly  va r i ed  w i t h  concen t r a t i ons ,  a m e a s u r a b l e  
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Effect of A C T H  on the Zona Ret i cu lar i s  of the Rat  Adrena l  Cortex:  an U l t r a s t r u c t u r a l  S t e r e o l o g i c  
S tudy  

G. MAZZOCCHI, C. I~OBBA, P. RIGOTTI, A. S. BELLONI, A. M. GAMBINO a n d  G. G. •USSDORFER 1 

Department o/Anatomy, Laboratory o/ Electron Microscopy, University o/Padova, Via A. Gabelli 65, 1-35100 Padova 
(Italy), 16 September 1975. 

Summary. The  effects of A C T H  on t he  r a t  ad r ena l  zona reticularis were i n v e s t i g a t e d  b y  s tereologic  me thods .  I t  was  
found  t h a t  t he  zona reticularis cell respons iveness  to  A C T H  is s imi la r  to  t h a t  of t he  zona/asciculata e lements .  This  ex- 
c ludes  t h a t  t h e  zona reticularis of t he  a d u l t  r a t  c an  on ly  func t i on  as t h e  si te  of de s t ruc t i on  of w o r n - o u t  e l emen t s  mi-  
g r a t i ng  f rom the  ad re na l  ou t e r  zones. 

A l t h o u g h  t h e  u l t r a s t r u c t u r e  of t he  a d r e n a l  cor tex  in 
n o r m a l  and  e x p e r i m e n t a l  cond i t ions  was descr ibed  in 
n u m e r o u s  inves t iga t ions  2, un t i l  r e cen t l y  v e r y  scarce re- 
po r t s  a p p e a r e d  conce rn ing  t h e  cy tophys io logy  of t he  
ad r ena l  zona  re t icu la r i s  a. However ,  t h e  s t u d y  of t he  
zona  re t icu la r i s  is of g rea t  in te res t ,  since a t  p r e s en t  t h e  
role p l ayed  b y  th i s  zone in  t h e  h i s tophys io logy  of t h e  
en t i r e  ad r ena l  g land  is st i l l  t h e  ob jec t  of conf l ic t ing  views, 
wh ich  v a r y  accord ing  to t he  ' zona l  hypo t he s i s '  or  t he  
' m i g r a t i o n  t h e o r y '  2. I t  t he re fo re  seemed w o r t h  inves t i -  
ga t ing ,  b y  s tereologic a n d  e lec t ron  microscopic  me thods ,  
t h e  response  of t he  r a t  ad r ena l  zona  re t icu la r i s  to  a 
chronic  t r e a t m e n t  w i t h  ACTH.  

Materials and methods. 42 y o u n g  male  r a t s  (Wis ta r -  
der ived)  weigh ing  a b o u t  200 g, were d iv ided  in to  7 ex- 
p e r i m e n t a l  groups,  of which  6 rece ived  i .p.  i n j ec t ions  of 

10 I U / k g  of A C T H  (Sigma) for 3, 6, 9, 12, 24 a n d  36 con-  
secu t ive  days,  respect ively .  The  o t h e r  g roup  rece ived  i .p.  
in jec t ions  of n o r m a l  sal ine a n d  se rved  as a control .  The  
an ima l s  were sacrif iced b y  cervical  dis locat ion.  

The  r i gh t  ad rena l  of each  r a t  was f ixed in 10% buf fe red  
formal in ,  e m b e d d e d  in pa ra f f in  a n d  ser ia l ly  cu t  a t  7 ~m. 
Sliced pieces of t h e  lef t  g l and  were f ixed in 3% g lu ta ra l -  
dehyde ,  pos t - f ixed  in 1% OsO 4 a n d  e m b e d d e d  in an  
epoxy  resin.  Th ick  sect ions  were m a d e  w i th  L K B  I I I  
u l t r a m i c r o t o m e s  a n d  obse rved  w i t h  t he  l igh t  microscope 
for o r ien ta t ion .  T h i n  sect ions  were cu t  a t  t h e  level  of t h e  
zona  re t icu la r i s  a n d  obse rved  in a H i t a c h i  H U - 1 2  or  
HS-9  e lec t ron  microscope.  

On the  serial  pa ra f f in  sect ions,  t he  vo lume  of t he  en t i re  
ad r ena l  g land  and  of t he  zona  re t icu la r i s  was  d e t e r m i n e d  
us ing  a m e t h o d  p rev ious ly  de ta i led  4. The  vo lume  of cells, 


