
628 Specialia EXPERIENTIA 28/6 

loides and  U. lotrix creates  a s t rong  possibi l i ty  tha t ,  in 
these  species a t  least,  t he  s t ruc tures  have  a func t ion  
closely allied to  t h a t  of the  hair-penci ls  of Dana id  bu t t e r -  
flies. I t  is thus  possible t h a t  (I) and (II) p lay  a role in the  
ma t ing  of Utetheisa similar  to  t h a t  es tabl ished for the  
re la ted  ke tone  (IV) in Danaus gilippus berenice 11. 

Zusammenfassung. Die Duf to rgane  der  m~tnnlichen 
BArenspinner  Utetheisa pulchelloides und U. lotrix (Fam. 
Arcti idae) scheiden Dihydropyrro l iz ine  aus, die im Typ  
den P h e r o m o n e n  yon  Schmet te r l ingen  der  Subfamil ie  
Dana inae  (Faro. Papil ionidae)  gleichen. Wahrsche in l ich  

h an d e l t  es sich um Der iva te  von  Pyrrol iz idin-Alkaloiden,  
die in den Wi r t sp l anzen  der  R a u p e n  in hoher  Konzen t r a -  
t ion  vo rkommen .  
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Relationship Between Lipolysis and Storage of Diphenylhydantoin in the Adipose Tissue 

In  a previous  pape r  i t  was r epor ted  t h a t  increased lipo- 
lysis results  in a more  marked  s torage of phenoba rb i t a l  in 
adipose t issue 1. Since d i p h e n y l h y d a n t o i n  (DPH),  an ant i -  
convu l san t  drug, also accumula tes  in fa t  ~,3, i t  was con- 
s idered i m p o r t a n t  to  es tab l i sh  if i ts  up t ake  by  adipose 
t issue is inf luenced by  the  degree of lipolysis. 

Materials and methods. Male Sprague Dawley  ra ts  
(average body  weight  180 g) were used t h r o u g h o u t  all the  
exper iments .  

In  vivo studies .  D P H  a t  100 mg/kg  body  wt.  was given 
s.c. to  fed or fas ted  ra ts  and  the  aninlals were sacrificed at  
d i f ferent  t imes  af ter  the  admin is t ra t ion .  The concent ra-  
t ion  of D P H  was measured  in p lasma  and  in adipose t issue 
(epididymal  and  perirenal) .  

In  vi t ro  studies.  Tile s tudy  of tile accumula t ion  of D P H  
in adipose t issue was carr ied ou t  according to  the  procedure  
previous ly  descr ibed for phenoba rb i t a l  1. The release of 
DPI-I f rom adipose t issue was  s tudied  according to  the  
following procedure :  ep id idymal  adipose tissue; cut  in to  
small  pieces and pooled, was p r e incuba t ed  for i h a t  37 ~ 
in Krebs  Ringer  p h o s p h a t e  a t  p H  7.4, con ta in ing  3% al- 
b u m i n  and D P H  53 vtg/ml. This  adipose t issue (400-600 rag) 
pre loaded wi th  t he  drug was fi l tered, washed  and added  
to  4 ml  of medium,  free of D P H ,  in the  presence  or absence 
of noradrenal ine .  The incuba t ion  was carr ied out  a t  37 ~ 
wi th  gentle shaking,  for 1 h and  at  the  end of th is  per iod 
the  D P H  remain ing  in the  adipose t issue was measured.  

De te rmina t ions  of D P H  in 1 ml of p l a sma  or 400 mg of 
adipose t issue were carried out  according to  t he  m e t h o d  of 
MORSELLI 4 ; free f a t t y  acids (FFA) were measured  accord- 
ing to  DOLE 5, wi th  minor  modif icat ions .  Triglycerides were 

de t e rmined  according to  VAN I'IANDEL, ZILVERSMIT and 
BOWMANN 6. 

Results. D P H  in jec ted  s.c. is r ap id ly  absorbed in p lasma 
reaching  a peak  at  30 miD and  20 miD, respect ively ,  in fed 
and  fas ted  rats.  However ,  the  ra te  of d i sappearance  of th is  
drug  f rom p lasma  was quicker  in fas ted  t h a n  in fed ani- 
mals.  Accumula t ion  of D P H  in b o t h  ep id idymal  and  peri- 
renal  adipose t i ssue  was more  rap id  in fas ted t h a n  in fed 
ra ts  (Table I), a l though  an in t e rp re t a t i on  of th is  pheno-  
m e n o n  is diff icul t  because of the  d i f fe rent  kinet ics  of plas- 
m a  D P H  in the  two  types  of expe r imen ta l  condi t ions  
used.  

The results  ob ta ined  in vi t ro  are more  conclusive. Table 
I I  shows t h a t  D P H  up take  by  the  adipose t issue of fed 
ra t s  is p ropor t iona l  to  the  D P H  concen t ra t ion  in the  me- 
dium. Table I I I  indica tes  t h a t  D P H  accumula t ion  in adi- 
pose t issue increases w i th  the  t ime  of incubat ion .  I t  was 
also found  t h a t  the  D P H  con ten t  in adipose  t issue was 
h igher  bo th  per  g of weight  and per  g of t r iglycerides,  
w h e n  lipolysis was increased by  the  presence  of noradren-  
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Table I. Levels of diphenylhydantoin (DPH) in plasma and adipose tissue after a single injection of DPH (100 mg/kg s.c.) to fed or to over- 
night fasted rats 

Time �9 Fed rats Fasted rats 
(miD) DPH (txg/ml) or g =E S.E. DPH (Ixg/ml) or g 4- S.E. 

Plasma Adipose tissue Plasma Adipose tissue 

Epididymal Perirenal Epididymal Perirenal 

10 13.5 4- 0.1 -- -- 16.3 4- 0.3 -- -- 
20 16.2 ! 0.3 11.4 + 0.6 (0.70) 12.0 ~ 0.4 (0.74) 23.6 4- 1.8 7.7 =~ 0.8 (0.32) 12.3 4- 0.3 (0.52) 
30 18.4 • 1.2 15.7 ~= 1.1 (0.88) 15.6 -4- 1.1 (0.84) 12.6 =t= 0.9 21.3 =t= 1.4 (1.69) 22.7 =[= 1.2 (1.80) 
60 16.3 4- 0.3 16.4 -1- 0.9 (1.00) 16.4 :t_ 0.9 (1.00) 10.4 4- 1.2 26.1 ~ 0.9 (2.50) 29.3 -t- 1.1 (2.81) 

120 12.6 -4- 1.6 25.1 • 1.4 (1.99) 25.5 =~ 1.1 (2.04) 9.3 =t= 0.1 10.9 =E 1.2 (1.17) 12.7 ~= 0.1 (1.36) 
240 3.6 :t= 1.4 9.9 -4- 3.7 (2.75) 9.7 4- 0.4 (2.69) 8:1 :t= 0.5 -- -- 
360 0.1 4- 0.0 -- -- 1.2 -t- 0.1 -- -- 

�9 Time elapsed between DPH administration and sacrifice of the animals. In brackets: the ratio between adipose tissue aDd plasma levels of 
DPH. 
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Table If. Accumulation in epididymal adipose tissue of DPH added to the incubation medium 

6 2 9  

Addition to the medium Incubation time FFA ([xEq/g/h) TG (g/100 g/AT) 
([xg/ml) (h) x S.E. :x S.E. 

DPH 

(p~g/g) AT (~xg/g) TG 
:x S.E. z: S.E. 

DPH 50 1 0.79 :~ 0.06 59.5 ~: 1.5 63.3 ~: 5.9 106 

DPH 100 1 0.76 =i= 0.03 56.9 :L 2.7 145.5 :z 4.7 255 

Medium: phosphate buffer pH 7.4 n- bovine albumin (fraet V.) 3%. AT, epididymal adipose tissue obtained from fed rats;  DPH, diphenylhy- 
dantoin; FFA, free fat ty  acids; TG, triglycerides. 

Table III.  Accumulation of DPH in adipose tissue in conditions of basal or noradrenaline-stimulated lipolysis 

Incubation time Additions to the medium 
(h) DPH (50 ~xg/ml) DPH (50 [~g/ml)+NA (0.25 ~g/ml/h) 

FFA DPH DPH FFA DPH DPH 
(~zEq/g) AT Itxg/g) AT (txg/g) TG (~tEq/g) AT ([xg/g) AT ([zg/g) TG 

1 2.4 4- 1.5 55.8 :a: 5.3 106 8.8 2z 0.3 65.0 ~= 4.6 116 

2 3.1 ~ 0.2 63.8 :n 2.8 106 21.2 := 0.3 87.0 ~ 6.9 136 
3 1.6 :~ 0.1 78.8 z- 6.7 147 24.9 zz 1.0 106.4 ~ 1.0 169 

AT, epididymal adipose tissue; DPH, diphenylhadantoin; FFA, free fat ty  acids: NA, noradrenaline bitartrate [0.25 ~g/ml) were added everyh  
during the incubation; TG, triglycerides. 

Table IV. Retention of DPH in adipose tissue during basal or noradrenaline-stimulated lipolysls 

Addition to the medium DPH (~xg/g) AT zi: S.E. FFA (~tEq/g) AT 
(Exg/ml) 

0 min 60 min 60 m m  

71.3 4- 0.1 31.9 4- 1.9 4.1 -4- 0.3 

NA 0.25 71.3 4- 0.1 36.9 4- 1.1 9.2 4- 0.6 

Epididymal adipose tissue (AT) was previously incubated for 1 h in a medium containing 53.3 [xg/ml of diphenylhydantoin (DPH), then the 
adipose tissue was filtered, washed and incubated in a medium free of DPH with or without noradrenaline (NA). FFA, free fat ty  acids. 

a l ine .  W h e n  D P H  w a s  r e m o v e d  f r o m  t h e  m e d i u m ,  t h e  de -  
g ree  of  i t s  r e t e n t i o n  b y  a d i p o s e  t i s s u e  w a s  r e l a t i v e l y  g r e a t e r  
in  t h e  p r e s e n c e  of  i n c r e a s e d  l i p o l y s i s  d u e  t o  n o r a d r e n -  
a l i n e  a c t i o n  ( T a b l e  IV) .  

Conclusions. W h e n  d i p h e n y l h y d a n t o i n  ( D P H )  is a d -  
m i n i s t e r e d  t o  r a t s ,  i t s  a c c u m u l a t i o n  a n d  d i s a p p a r a r a n c e  
r a t e  in  a n d  f r o m  b o t h  p l a s m a  a n d  a d i p o s e  t i s s u e  is d i f f e r -  
e n t  in  f ed  a n d  f a s t e d  a n i m a l s .  T h i s  s u g g e s t s  t h a t  t h e  de -  
g r ee  of  l i p o l y s i s ,  w h i c h  is  i n c r e a s e d  d u r i n g  f a s t i n g ,  m a y  
e x e r t  a ro le  i n  t h e  s t o r a g e  of  D P H  i n  a d i p o s e  t i s s u e .  

E x p e r i m e n t s  c a r r i e d  o u t  in  v i t r o  s h o w ,  in  fac t ,  t h a t  
D P H  a c c u m u l a t e s  m o r e  e x t e n s i v e l y  in  e p i d i d y m a l  ad i -  
p o s e  t i s s u e  w h e n  l i p o l y s i s  is s t i m u l a t e d  b y  n o r a d r e n a l i n e ,  
a s  c o m p a r e d  t o  t h e  b a s a l  c o n d i t i o n .  P a r t  of  t h i s  e f f e c t  m a y  
be  r e l a t e d  t o  a n  i n c r e a s e d  r e t e n t i o n  of  D P H  b y  a d i p o s e  
t i s s u e  d u r i n g  a h i g h  r a t e  of  l i po lys i s .  S ince  a h i g h  r a t e  of  
l i p o l y s i s  i n v o l v e s  a n  i n c r e a s e d  r e l ea se  of  F F A  ill t h e  m e -  
d i u m ,  o n e  m a y  s p e c u l a t e  t h a t  D P H  is d i s p l a c e d  f r o m  i t s  
a l b u m i n  b o u n d s ,  so  t h a t  i t  is  ab l e  t o  e n t e r  i n t o  a d i p o s e  
t i s s u e .  

T h e  f i n d i n g s  o b t a i n e d  w i t h  D P H  a r e  in  s u b s t a n t i a l  
a g r e e m e n t  w i t h  p r e v i o u s  r e s u l t s  o b t a i n e d  o n  t h e  a c c u -  
m u l a t i o n  of  p h e n o b a r b i t a l  in  a d i p o s e  t i s s u e ,  in  r e l a t i o n  t o  
l i p o l y t i c  a c t i v i t y  1. I n  t h i s  r e s p e c t ,  D P H  a n d  p h e n o b a r -  

b i t a l  b e h a v e  d i f f e r e n t l y  f r o m  c o r t i c o s t e r o n e  w h o s e  u p -  
t a k e  b y  a d i p o s e  t i s s u e  d e c r e a s e s  d u r i n g  a h i g h  r a t e  of  
l i p o l y s i s  7. 

Riassunto. L a  c i n e t i c a  d i  a c c u m u l o  de l l a  d i f e n i l i d a n t o i -  
n a  n e l  t e s s u t o  a d i p o s o  6 d i v e r s a  neg l i  a n i m a l i  a d i g i u n o  
o n o r m a l m e n t e  a l i m e n t a t i .  E s p e r i m e n t i  in  v i t r o  m o s t r a n o  
c h e  il t e s s u t o  a d i p o s o  e p i d i d i m a l e  q u a n d o  6 s t i m o l a t o  c o n  
n o r a d r e n a l i n a ,  c h e  a u m e n t a  la  l ipol is i ,  a c c u m u l a  la d i fe -  
n i l i d a n t o i n a  e la  t r a t t i e n e  in  m a g g i o r  q u a n t i t ~  d i  q u a n d o  
6 in  c o n d i z i o n e  d i  l ipo l i s i  b a s a l e .  

J.  KNIEWALD, A. BIZZI and S. GARATTINI 

Istituto di Ricerche Farmacologiche 'Mario Negri', 
Via Eritrea 62, 1-20157 Milano (Italy), 
79 November 1971. 

A. Blzzl, A. M. TACCONI and S. GARATTINI, Biochem. Pharmac., in 
press (1972). 

Acknowledgment. This work was supported by  Contract DHEW/ 
PHS/NIH/PH No. 43-67-83. 


