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t he  pro te in- f ree  D N A  frac t ion  of the  nucleus,  a m o u n t i n g  
to 25% in the  young  animals  and only  to 8% in the  old 
ones. I t  is r emarkab le  t h a t  t he  regenera ted  old l iver 
reached  a lmos t  the  young  value. The percen tage  of p ro te in  
free D N A  in young  livers is of the  same order  as obse rved  
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Thermal denaturation curves of nuclear DNA in rat liver. S = single 
stranded DNA in % of DNA-phospbate. Dotted lines and roman 
numbers indicate the sites of peaks of derivative melting profile1% 
The plots are taken from the Table. (Means ~2 SEM). Significance 
values: A) Young-old comparison: p < 0.1% at each temperature, 
except 90 ~ where N.S. B) Young-old regenerated comparison: N.S. 
except 80 ~ where p < 0.1%. C) Old-old regenerated comparison: 
p < 0.1% at 50 and 60~ p < 2% at 80~ N.S. at 70 and 90~ 

in o ther  t issues using also qui te  d i f fe rent  t echn iques  b y  
o thers  (18-25%)13,1~-1s. One can assume,  therefore ,  t ha t ,  
for the  normal  funct ion  of in te rphase  cell nucleus,  abou t  
th is  p ropor t ion  of DNA should be in a pro te in- f ree  s ta te .  
In  the  old animals  th is  value decreased to a h igh  e x t e n t  
which  m u s t  have  serious func t iona l  consequences .  The 
pe rcen t  of single s t r anded  D N A  ob ta ined  at  60~ is to 
be cons idered  as the  sum of free D N A  and  D N A  stabi l ized 
by  non-h i s tone  prote ins ,  i.e. in the  young  animals  only  
abou t  4% of DNA is s tabi l ized by  acidic pro te ins ;  in old 
ra t s  th is  value increased to abou t  13%, whereas  in t he  
regenera ted  old liver it  was be tween  these  values. Fol-  
lowing a similar logic, one can  see t h a t  t he  more  basic 
p a r t  of h i s tones  (melt ing po in t  a t  82~ ~6 is b ind ing  a 
higher  por t ion  of DNA in the  old liver t h a n  in the  young  
one, and again the  regenera ted  old liver lies be tween  
these  values. 

W e  bel ieve t h a t  our resul ts  allow us to conclude a 
cer ta in  revers ibi l i ty  of the  age -dependen t  condensa t ion  of 
c h r o m a t i n  by  mitoses,  suppor t ing  the  idea t h a t  t rue  
ageing p h e n o m e n a  are p resen t  f irst  of all in the  pos t -  
mi to t ic  cells ~9. 

F r o m  a me thod ica l  po in t  of view, our  resul ts  show t h a t  
the  in situ t he rma l  d e n a t u r a t i o n  wi th  paral lel  measure-  
m e n t  of the  DNA-loss,  in t roduced  in our  l abora to ry  ~a, is a 
val id m e t h o d  for s tudy ing  the  phys ico-chemica l  proper -  
t ies of chromat in .  
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Summary. Cycloheximide,  even in a dose of 0.25 mg/kg  admin i s t e red  s.c. to ra t s  s t imula ted  b y  panc reozymin  and  
secretin,  inh ib i ted  lipase ac t iv i ty  in pancrea t ic  juice. Lipase ac t iv i ty  in se rum of contro l  animals  was inh ib i ted  by  cyclo- 
hex imide .  The  secre t ion of t ryps in  and c h y m o t r y p s i n  was  also decreased.  

Cycloheximide,  an an t ib io t ic  isolated f rom Strepto- 
myces griseus 1, inhib i t s  syn thes i s  of p ro te ins  in yeas t  and  
m a m m a l i a n  sys t ems  by  in ter fer ing  wi th  b o t h  the  ini t ia-  
t ion  and  e longat ion  of po lypep t ide  chains  on polyr ibo-  
somes 3. The d rug  has been used ex tens ive ly  to s t u d y  the  
re la t ionship  be tween  a n u m b e r  of biological processes and  
pro te in  synthesis~-% Moreover,  cyc loheximide  has  been  
used clinically 10 recen t ly  to  p roduce  defervescence  in 
chronical ly  febrile pa t i en t s  w i th  Hodgk in ' s  disease 11. 
In  our  labora tor ies  we ex tend  the  earlier obse rva t ion  12 
t h a t  cyc loheximide  affects  gastr ic  secret ion.  Espec ia l ly  
gastr ic  ac id i ty  was a lmos t  comple te ly  abol ished b y  a 
single dose of t he  drug  la. In  th is  r epor t  evidence is pre-  
sen ted  t h a t  exocr ine secre t ion of some enzymes  in the  
pancreas  and  in the  se rum of ra ts  are also inhib i ted  fol- 
lowing the  adm in i s t r a t i on  of th is  drug.  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
100 male  Wis t a r  ra t s  (240-250 g) kep t  on a s t anda rd  diet.  
The f irs t  group of animals  was t r ea t ed  s.c. w i th  one dose, 
or w i th  t he  same dose of cyc loheximide  for 3 consecut ive  
days.  The  an imals  were  killed on the  2nd or t h e  4 th  day ,  
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Effect of cycloheximide on stimulated pancreatic secretion in rats 

EXP~RIENTIA 32/7 

Conditions Trypsin Chymotrypsin Lipase 

(mg/g protein 4- SE) (mg/g protein 4- SE) (mg/100 ml) 
% % % 

Control 0.331 4- 0.120a (100) 0.364 ~ 0.140 ~ (100) 3.33 4- 0.62 (100) 
Pz i . i01  • 0.380~ (332) 2.760 ~ 0.908,, (730) 4.38 ~ 0.97 ~' (131) 
Pz + CHX 0.930 ~ 0.433 (250) 2.130 4- 0.587 (585) 2.73 ~ 0.13 b {82) 

Control 0.423 -t- 0.173 (100) 0.384 4- 0.141 (100) 2.18 4- 0,52" (100) 
St 0.475 • 0.165 (112) 0.410 • 0.149 (107) 4.79 • 0,95",b (219) 
St + CHX 0.394 • 0.109 (92) 0.363 4- 0.021 (94) 2.45 4- 0,19 b (112) 

Groups of 10 male rats (220 g) kept under standard condition received pancreozylnin (Pz, 4 units per 200 g, i.v,) at 09.00 h (e.g. 1 h after 
operation). 20 min later the same amount of seeretin (St) was given and pancreatic secretion was followed 1 more hour. Cycloheximide (CHX, 
0.25 mg per kg, s.c.) or saline were given 20 rain before starting the experiment. ,p < 0.05; bp < 0.05. 
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Fig. 1. Activity of proteolytie enzymes ill the homogenate of pan- 
ereas of rats treated with 1 dose (1,3) and 3 doses of cycloheximide 
given i.p. for 3 consecutive days (2,4) to groups of 5 male rats 
(220 g). 1,2-Chymotrypsinogen expressed as mg of crystalline en- 
zyme per 1 g of protein; 3,4-trypsinogen expressed as crystalline 
enzyme per 1 g of protein. 
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Fig. 2. Decrease in lipase activity in the serum of rats treated with 
one (1) dose and 3 doses of cyeloheximide given i.p. for 3 consecutive 
days (2) to groups of 5 6 male rats (220 g). Lipase activity is expressed 
a s  mg of reaction product per 100 ml of serum i SE (p < 0.01). 

and  pancrea t i c  enzymes  in h o m o g e n a t e d  pancreas  and in 
se rum were measured .  In  t he  2nd group of animals ,  we 
s tud ied  the  effect  of cyc loheximide  on pancrea t i c  secre- 
t ion  s t imula ted  wi th  panc reozymin  and  secret in  (Boots 
Comp.).  Po lye thy lene  cannules  were placed in the  duo- 
d e n u m  and the  pylorus  was l igated in mild e the r  narcosis  
in all expe r imen t s  a t  the  same t ime  (08.00 h). 

The ac t iv i ty  of t ryps in  and c h y m o t r y p s i n  was measured  
in t he  pancreas  homogenized  in a med i u m con ta in ing  
0.5yo NaC1 and  0.05% CaCle (pH 5.2). Homogen iza t ion  
was per fo rmed  in cooled glass homogenizer  wi th  10 vol. 
of t he  media  (w/v). The  ac t iv i ty  of p ro te inases  w a s  

measured  pho tome t r i ca l ly  af ter  the i r  ac t iva t ion  by  ente-  
rokinase (Organon) or by  t ryps in  (Spofa) using syn the t i c  
subs t r a t e s  N-tosyl-L-arginine-p-ni t roani l ide  for trypsin14 
and N-succinyl -L-phenyla lanine-p-n i t roani l ide  (Boehrin- 
ger) for chymot ryps in .  Lipoly t ic  ac t iv i ty  was deter-  
mined  pho tome t r i ca l ly  using pheny l l au ra t e  according to 
m e t h o d  of RADERECItT 15. Amylase  was de t e rmined  by  the  
m e t h o d  of TELLERIS. The pro te in  c o n t e n t  was e s t ima ted  
according to LowRY et  al.lL The ac t iv i ty  of enzymes  was 
expressed  in mg of t r y p s i n  or c h y m o t r y p s i n  per  1 g of the  
t issue prote ins  or in mg  of t he  reac t ion  p ro d u c t  (lipase - 
phenol) per  100 ml of serum. 

Results  and discussion. Cycloheximide  was given a t  
doses vary ing  f rom 0.02 to  0.2 mg/kg  b o d y  we igh t  wi th-  
ou t  any  s t imula t ion  of pancrea t ic  secret ion.  There  are 
differences,  depend ing  w h e t h e r  the  drug  was given in 1 or 
for 3 consecut ive  days  (Figure 1). The increasing doses of 
cyc loheximide  resul ted  in the  second case in t he  inhibi-  
t ion  of t r yps inogen  level in t he  panc rea t i c  homogena tes .  
Also the  level of se rum lipase (Figure 2) was s ignif icant ly  
depressed following a single dose of cycloheximide.  
However ,  the  changes  in c h y m o t r y p s i n o g e n  unde r  similar 
condi t ions  were no t  s ignif icant  (Figure 1). 

W h e n  the  pancrea t i c  secret ion was s t imula ted  wi th  
panc reozymin  and  secret in  cyc loheximide  a t  a dose of 
0.025 mg per  kg also lipase ac t iv i ty  was inh ib i ted  (Table). 
The inhib i t ion  was s ta t i s t ica l ly  s ignif icant .  The secret ion 
of t r y p s i n  and  c h y m o t r y p s i n  was  also decreased bu t  the  

14 F. MALIg, E. KASAFiREK, P. FRI~, M. JOSiFKO, Z. klin. Chem. 
klin. Biochem. 12, 494 (1974). 
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16 j .  D. TELLER, J. biol. Chem. 185, 701 (1950). 
17 C. H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
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changes  were no t  s ignif icant .  There  were no differences 
in amylase  ac t iv i ty  be tween  control  and exper imen ta l  
animals.  

Secret ion of digest ive enzymes  f rom pancreas  opera tes  
via  t he  p a t h w a y  wh ich  is Ca2+-dependent  and  involves  
cholinergic and  pep t ide  ho rmone  receptors  ~s,19. In  th is  
s t u d y  the  effect  of cyc loheximide  on the  ac t iv i ty  of 
lipase, amylase,  t ryps in  and  c h y m o t r y p s i n  p resen t  in ra t  
pancreas ,  as well as c i rculat ing in the  serum, was mea-  
sured.  To u n d e r s t a n d  t h e  cyc loheximide- induced  inhibi-  
t ion  of exocrine pancrea t ic  enzymes,  one has  to take  into 
cons idera t ion  the  inh ib i to ry  effect  of the  drug on gastr ic  
secretionl~. The ac t iv i ty  of pancrea t i c  enzymes  depends  
on and is modif ied by  end p roduc t s  of digest ion appear ing  
in t he  b lood ~~ In  th i s  way  the  impa i red  digest ion and  
the  delay  of gastr ic  e m p t y i n g  caused by  cycloheximide,  
s imula t ing  to some degree s t a rva t i on  of the  animals,  can 
indi rec t ly  affect  the  level of exocr ine pancrea t ic  enzymes.  

Following cyc loheximide  admin is t ra t ion ,  direct  inhibi-  
t ion  of enzym e  syn thes i s  in acinar  cells can also be ex- 

pec ted  and  the  in ter ference  of t he  drug  wi th  receptors  
necessary  for enzyme  secret ion can n o t  be excluded.  De- 
creased ac t iv i ty  of l ipase and t ryps in  following cyclo- 
hex imide  admin i s t r a t ion  and s ignif icant ly  decreased 
pa thologica l  changes  in histological  sect ions eva lua ted  in 
expe r imen ta l  pancrea t i t i s  following drug t r e a t m e n t  (un- 
published) p resen t  po ten t i a l  oppor tun i t i e s  for the  use of 
cyc loheximide  in gas t roentero logy.  
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[ a H ] - N o r c o c a i n e  and [ 3 H ] - P s e u d o c o c a i n e :  Effect of N - D e m e t h y l a t i o n  and C 2 - E p i m e r i z a t i o n  of 
Cocaine  on i t s  P h a r m a c o k i n e t i c s  in the Rat  ~ 
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Summary. After  i.v. in jec t ions  of cocaine, norcocaine,  pseudococaine  to  t he  rat ,  the  T~/2 in bra in  were 0.4, 0.6, 0.2 h 
respect ive ly  and in p lasma  0.4, 0.5, 0.2 h respectively.  Benzoylnorecgonine  and  norecgonine were the  metabol i tes  of 
norcocaine in brain.  Pseudonorcocaine ,  pseudobenzoylnoreegonine ,  pseudobenzoylecgonine  and pseudoecgonine  were 
the  metabo l i t es  of pseudococaine  in ra t  brain.  Benzoylnorecgonine  and pseudobenzoylecgonine  had  p o t e n t  s t imulan t  
ac t iv i ty  in t rac i s te rna l ly  in the  rats .  

Norcocaine (Figure 1) has  been  repor ted  to  be an im- 
p o r t a n t  me tabo l i t e  of cocaine in t he  ra t  2, 3 dog a and mon-  
key a. Like cocaine, it  is a powerful  cent ra l  nervous  sys t em 
s t imu lan t  s, v of shor t  du ra t ion  and it con t r ibu tes  poss ib ly  
in pa r t  to  the  pharmacologica l  effects  of cocaine. Pseudo-  
cocaine (dextro  isomer  and  C2-epimer of cocaine) has  t h e  
C2-methyl es ter  group in equator ia l  conf igura t ion  and 
trans to the  n i t rogen  and Ca-benzoyloxy side chain  s 
(Figure 1). I t s  tox ic i ty  and  local anes the t ic  ac t iv i ty  is 
several-fold h igher  t h a n  cocaine9-11. Bo th  isomers have  
convu l san t  and  p a r a l y s a n t  p roper t ies  1~ b u t  pseudo-  
cocaine is several  t imes  less p o t e n t  t h a n  cocaine as an 
inh ib i to r  of norep inephr ine  up take  in ventr ic les  and vas 
deferens  slices 13, xs. I t  has  been  repor ted  to be more ex ten-  
sively degraded  t h a n  cocaine ~s,17 in cats.  No in fo rmat ion  
exis ts  on the  disposi t ional  and  metabol ic  profile of nor-  
cocaine and  pseudococaine  in the  cent ra l  nervous  system.  
This  s t u d y  was u n d e r t a k e n  to  ob ta in  in format ion  on 
these  paramete rs .  

Materials and methods. Norcocaine  was p repa red  by  a 
p rocedure  previous ly  descr ibed ~s. Psendococa ine  was 
p repa red  by  convers ion of cocaine to pseudo ecgonine 
m e t h y l  es ter  s and subsequen t  benzoyla t ion  wi th  benzoyl-  
chloride in benzene  using s t anda rd  procedures .  Samples  
(50 mg) of these  non-label led compounds  were t r i t i a t ed  
(New E n g l a n d  Nuclear ,  Boston,  Mass.) by  ac id-ca ta lyzed  
exchange  t r i t i um labell ing using 0.3 ml  acetic acid, 25 mg 
p l a t i n u m  ca ta lys t  and  10 curies of t r i t i a t ed  water .  The 
crude p roduc t s  were exhaus t ive ly  purif ied in our  labo- 
r a t o ry  by  repea ted  so lvent  ex t rac t ions  and  silica gel 
co lumn c h r o m a t o g r a p h y  (elnant,  benzene -me thano l  
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