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in mind  i t  is t empt ing  to suggest  t ha t  the exc i t ement  
phase and the  aggressiveness of a rabies diseased an imal  
migh t  be due to a changed D A / 5 - H T  rat io  of the  brain.  
Similarly,  changes in the  monoamine-ba lance  of the  type  
described migh t  be per t inen t  for the  unders tand ing  of 
the  phases of exc i t emen t  and aggressiveness of ten ap- 
pear ing  in h u m a n  cases of encephali t is  s. 

ausgepr/igtes Aggressionsverhal ten durch i.p. In jek t ion  
yon L-DOPA induzier t  werden. 

E. LYCKE, K. ~IODIGH and B.-E.  R o o s  

Departments o/ Virology and Pharmacology, 
University o/Ggteborg (Sweden), 29 April 1969. 

Zusammenfassung. Mit Herpes simplex Virus i.c. be- 
impf te  MAuse en twickel ten  nach vorausgegangener  Be- 
hand lung  mi t  p-Chlorphenyla lan in  ein ausgesprochen 
aggressives Verhal ten.  Bei M~usen, deren Serotoninsyn-  
these durch Behand lung  m i t  p-Chlorphenyla lanin  oder 
~-Propylaee tamid  ausser Funk t ion  gesetzt  war, konnte  

s We are indebted to Dr. H. CORROm, AB H/issle, G6teborg, for 
having kindly provided the substances H 69/17 and H 22/54, 
and to Miss GUN ALFREDSSON, Miss ANN-BRITT BJ6RKMAN, Miss 
ANNA-KAEIN BRORSON, Mrs. GUN LUNDBLAD and Mrs. MARGA- 
RETA ROSENKVIST for skilful technical assistance. The study was 
supported by grant No. K 69-14X-2728-01A from the Swedish 
Medical Research Council. 

Enhancement of Drug Activity by Chymotrypsin. 
and Inflammatory Fluids 

In  an earl ier  pub l ica t ion  WOttLMAN, SY]~D and RON- 
CHI 1 showed t h a t  the  admin i s t r a t ion  of penici l l in G 
combined  wi th  the  proteoly t ic  enzyme chymot ryps in  
yields s ignif icant ly  h igher  serum, eye and bra in  levels of 
penici l l in t han  does the  admin is t ra t ion  of the  ant ib iot ic  
alone. I t  was suggested t h a t  chymot ryps in  m a y  be of 
considerable  va lue  in enhancing  the  pene t ra t ion  of penicil-  
lin into re la t ive ly  inaccessible tissues the reby  mak ing  i t  
possible to e l iminate  penici l l in-sensi t ive bacter ia  t h a t  
have  become localized in these areas. This suggest ion has 
been exper imenta l ly  tes ted by  ascer ta ining the  level of 
penicil l in achieved in granulomatous  and i n f l a m m a t o r y  
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Effect of chymotrypsin on the concentration of penicillin in serum, 
granuloma and inflammatory fluid. 

Penicillin Penetration into Granulomatous Lesions 

tissues af ter  the  adminis t ra t ion  of penicill in alone and 
penicil l in in combina t ion  wi th  chymotryps in .  

Material and methods. The fo rmat ion  of granulomas  in 
Wis ta r  rats  was accomplished by  the  insert ion of a sterile 
co t ton  pel le t  into subcutaneous  tissues of the  axi t lary 
region. The incision was sutured and the  co t ton  pel let  
al lowed to remain  in p l a c e  for 5 days to insure complete  
deve lopment  of g ranulomatous  t issue surrounding the  
pellet. 5 days af ter  implan t ing  the  co t ton  pel let  the  control  
animals  received 1 ml of saline (i.p.) 30 rain prior  to the  
adminis t ra t ion  of 100 mg /kg  of penici l l in G (i.m.). Tes t  
animals  received 10 mg/kg  of pure  chymot ryps in  in 1 ml  of 
saline (i.p.) 30 min  before the adminis t ra t ion  of 100 mg/kg  
of penicil l in G (i.m.) (penicillin po tency :  1595 U/mg).  2 h 
af ter  the  admin is t ra t ion  of penicil l in the  rats  were sacri- 
ficed. The  g ranu loma and enveloped pel let  were excised, 
homogenized in bovine  serum a lbumin-phospha te  buffer  
(pH 4.5) and centrifuged.  The  resu l tan t  snpe rna tan t  was 
collected and frozen a t  - -20~ 

Per i toneal  in f lammat ions  were induced in Wis ta r  rats  
by  the  i.p. admin is t ra t ion  of 0.1 ml  of turpent ine .  15 min  
af ter  the  tu rpen t ine  in ject ion control  animals  received 
I ml  of saIine (i.p.) while  the  tes t  animals  received 10 mg /kg  
of pure chymot ryps in  in 1 ml  of saline (i.p.) 30 rain af ter  
the  adminis t ra t ion  of saline or chymot ryps in  bo th  control  
and tes t  animals  were given 100 mg/kg  of penici l l in G (i.m.) 
The rats  were sacrificed 2 h af ter  the  penicil l in adminis t ra -  
t ion  and per i toneal  i n f l a m m a t o r y  fluid was collected and 
frozen at  -- 20 ~ 

Granu loma  ext rac ts  and i n f l a m m a t o r y  fluids were 
thawed  and assayed 1 day  af ter  the  expe r imen t  had  been 
performed.  The samples were appropr ia te ly  di lu ted wi th  
bovine  serum a lbumin-phospha te  buffer  (pH4.5)  in 
p repara t ion  for the  microbiological  p la te  assay 2. The  size 
of the  zones of inhibi t ion of Staphylococcus aureus was 
used as a measure  of penici l l in concentra t ion.  The  base 
agar  layer  consisted of Difco Bac to  Ant ib io t ic  Medium 
2 and the  seed layer  consisted of Difco Bacto  Ant ib io t i c  
Medium i conta in ing  a 3% suspension of Staphylococcus 

x A. WOHL~A~, M. SYED and M. RONCH1, Can. J. Physiol. Pharmac. 
46, 815 (1968). 

8 D. C. GROVE and W. A. RANDALL, Assay Methods o/AntibiotiCs 
(Medical Encyclopedia Inc., NewYork 1955), p. 7. 
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Table I. The effect of chymotrypsin on the penetration of penicillin G into serum, granuloma tissue and inflammatory fluid 

Serum Granuloma Peritoneal inflammation 

Penicillin Penicillin + Penicillin Penicillin + Penicillin Penicillin + 
ehymotrypsin chymotrypsin chymotrypsin 

No. of animals 15 15 15 15 15 15 

~g/ml [xg/granuloma [/g/ml 

Mean penicillin concentration 4.25 4- 0.05 17.2 4- 0.35 1.48 4- 0.35 4.42 4- 0.76 2.79 4- 0.43 8.92 4- 1.52 
4- S.E. 
% change + 305 + 199 + 220 
Statistical significance P < 0.005 P < 0.005 P < 0.001 

aureus, op t i ca l  dens i t y  0.8 a t  a w a v e l e n g t h  of 580 nm.  
The  p la tes  were i n c u b a t e d  a t  37 ~ for 18 h. 

I n  o rder  to  e s t ab l i sh  t h e  dose- response  r e l a t i onsh ips  
for b o t h  penic i l l in  a lone  a n d  penic i l l in  in  c o m b i n a t i o n  
w i t h  c h y m o t r y p s i n ,  penic i l l in  was  a d m i n i s t e r e d  a t  dose 
levels of 25, 50, 100 a n d  200 mg/kg .  C h y m o t r y p s i n  was 
a d m i n i s t e r e d  a t  a dose level  of 10 mg/kg .  

Results and discussion. T he  resul ts ,  p r e sen t ed  in Tab le  I 
a n d  in t h e  Figure,  c lear ly  d e m o n s t r a t e  t h a t  c h y m o t r y p s i n  
s ign i f i can t ly  enhances  t h e  p e n e t r a t i o n  of penic i l l in  in to  
serum,  g ranu loma ,  and  i n f l a m m a t o r y  fluid.  The  penic i l l in  
c o n c e n t r a t i o n  ach ieved  in t h e  t i ssues  a f t e r  t he  a d m i n i s t r a -  
t i on  of penic i l l in  p lus  c h y m o t r y p s i n  is a p p r o x i m a t e l y  
four-fold g rea te r  t h a n  t he  a n t i b i o t i c  levels o b t a i n e d  a f te r  
t he  a d m i n i s t r a t i o n  of penic i l l in  alone. T h e  dose-response  
r e l a t ionsh ips  seen in Tab le  I I  i nd i ca t e  t h a t  t h e  e x t e n t  
of e n h a n c e m e n t  is fa i r ly  c o n s t a n t  ove r  a wide  dose r a n g e  
a l t h o u g h  t h e r e  t e n d s  to  be  a more  p r o n o u n c e d  effect  a t  
t he  lower dose levels.  

One beg ins  to  app rec i a t e  t h e  e x t e n t  of th i s  p h e n o m e n o n  
f rom ca lcu la t ions  based  on  t h e  dose-response  re la t ionsh ips .  
F o r  example ,  t h e  d a t a  o b t a i n e d  on  penic i l l in  p e n e t r a t i o n  
in to  r a t  g r a n u l o m a  t i ssue  revea ls  t h a t  in o rder  to  ach ieve  
a bac te r i c ida l  level  of 1 U of penic i l l in  pe r  m i l l i g r a m m e  
of g ranu loma ,  a 70 kg  h u m a n  would  h a v e  to  receive  
a p p r o x i m a t e l y  11,600,000 U of penici l l in  a lone or 
2,800,000 U of penic i l l in  in  c o m b i n a t i o n  w i t h  c h y m o -  
t ryps in .  

Table II. The penetration of penicillin into serum, granuloma tissue 
and inflammatory fluid as a function of the dose of penicillin both 
alone and in combination with ebymotrypsin 

25 50 100 200 
mg/kg mg/kg mg/kg mg/kg 

Serum penicillin levels ([xg/ml) 
Penicillin 2.1 3.3 6.7 12.0 
Penicillin + cbymotrypsin 9.1 13.3 25.9 34.5 
Ratio 4.3 4.0 3.9 2.9 

Granuloma penicillin levels 
(~xg/granuloma) 

Penicillin 0 0.4 1.1 2.3 
Penicillin + chymotrypsin 0.9 1.8 4.4 6.3 
Ratio oo 4.5 4.0 2.7 

Peritoneal inflammatory fluid 
penicillin levels ([xg/ml) 

Penicillin 1.2 1.7 4.4 6.3 
Penicillin + ehymotrypsin 4.8 12.1 21.3 25.6 
Ratio 4.0 7.1 4.8 4.1 

P r e l i m i n a r y  inves t iga t ions ,  des igned to explore  t he  bio-  
chemica l  a n d  phys io logica l  m e c h a n i s m s  u n d e r l y i n g  t h e  
e n z y m e - i n d u c e d  increase  in d rug  p e n e t r a t i o n ,  sugges t  

t h a t  c h y m o t r y p s i n  exer t s  a n  effect  o n  b o t h  cell m e m -  
b r a n e  p e r m e a b i l i t y  to  penici l l in  a n d  t he  b i n d i n g  of peni-  
cil l in to  s e r u m  pro te ins .  E v i d e n c e  in s u p p o r t  of t he  hy-  
po thes i s  t h a t  c h y m o t r y p s i n  increases  cell p e r m e a b i l i t y  
inc lude  t he  fol lowing o b s e r v a t i o n s :  (a) c h y m o t r y p s i n  
increases  penici l l in  p e n e t r a t i o n  in to  m a c r o p h a g e s  cu l tu red  
in H a n k s  med ium,  and  (b) a f te r  a d d i t i o n  of c h y m o t r y p -  
sin, i so la ted  k idneys  a n d  eyes, be ing  i n c u b a t e d  in saline,  
b e c o m e  cons ide rab ly  more  p e r m e a b l e  to  penici l l in .  The re  
are  h o w e v e r  resu l t s  to  i nd i ca t e  t h a t  c h y m o t r y p s i n  also 
decreases  t he  b i n d i n g  of penic i l l in  to  s e rum pro te ins .  
The  m o s t  conv inc ing  a r g u m e n t  in  f a v o u r  of decreased  
a n t i b i o t i c - p r o t e i n  b i n d i n g  is t he  o b s e r v a t i o n  t h a t  in  v i t ro  
i n c u b a t i o n  of c h y m o t r y p s i n  w i t h  s e rum c o n t a i n i n g  peni-  
cil l in p o t e n t i a t e s  t he  an t ib io t i c  ac t iv i ty .  Since t he  
s y s t e m  does n o t  invo lve  cells or t issues,  c h y m o t r y p s i n  
is p r o b a b l y  re leas ing  penici l l in  f rom i ts  p ro t e in  b o u n d  
s ta te .  The  de ta i l s  of these  s tud ies  will a p p e a r  in  a f u t u r e  
repor t .  

These  inves t iga t ions  s u p p o r t  a n d  e x t e n d  severa l  s tud ies  
w h i c h  h a v e  d e m o n s t r a t e d  t h a t  c h y m o t r y p s i n  enhances  
t he  a b s o r p t i o n  a n d  d i s t r i b u t i o n  of va r ious  t h e r a p e u t i c  
agen t s  1, a-s. 

Rdsurnd. L ' e n z y m e  c h y m o t r y p s i n e  p ro t6o ly t ique  re- 
hausse  s e n s i b l e m e n t  la  p6n@trat ion de la  p6nici l l ine G 
p a r  vole  i n t r a - m u s c u l a i r e  d a n s  le s6rum, les t i ssus  gra-  
n u l o m a t e u x  e t  le f luide p6r i ton6a l  enflamm@ des ra ts .  
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