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hydroxylase  and dopa decarboxylase  act iv i t ies  in the  
bra in  were accelerated la. 

On the  o ther  hand,  some another  propert ies  of DDC 
mus t  be considered, i.e. the  inhibi t ion of enzyme act ivi t ies ,  
including those invo lved  in morphine  destruct ion.  

Our results  show t h a t  D D C  potent ia tes  the  morph ine  
analgesia  and t h a t  the  ini t ial  changes in CA conten t  
itself in whole bra in  by  D D C  do no t  seem to be responsible 
for this phenomenon.  

Zusammen/assung. Nach  DDC-Vorbehand lung  wurde 
bet  mgnnl ichen  R a t t e n  eine deut l iche Potenzierung der  
Morphinanalgesie  beobachte t .  Es  konnte  nachgewiesen 
werden, dass dieses Ph~nomen  nicht  durch die nach DDC- 

Gabe auf t re tende  Ver/ tnderung des CA-Gehal tes  im Ge- 
hirn bedingt  ist. 

K. WATANABE, Y. MATSUI 
and H. IWATA 

Department o/Pharmacology, 
Faculty oi Pharmaceutical Sciences, 
Osaka University, Toneyama, 
Osaka (Japan), 28 March 1969. 

18 T. ITOH, M. MATSUOKA, K. NAKAJIMA, K. TAGAWA and R. IMAI- 
ZUMI, Jap. J. Pharmac. 72, 130 (1962). 

Aggress ion  in Mice Associated with Changes in the Monoamine-Metabol i sm of the Brain 

I t  is known t h a t  the  admin i s t r a t ion  of L-DOPA and 
psycho tomime t i c  drugs m a y  provoke  an aggressive be- 
hav iour  in cer ta in  animals  (VALZELLI1). However ,  in 
pr inc ipal  the  b iochemical  background  creat ing aggressive 
a t t i tudes  is unknown.  

Prev ious ly  LYCKE and R o o s  ~ repor ted  t h a t  the  Herpes 
simplex virus (HSV) encephal i t is  in mice will cause raised 
synthesis  o f  dopamine  (DA) as well as 5-hydroxy- 
t r y p t a m i n e  (5-HT). These studies suggested the  use of 
specific inhibi tors  for D A  and 5-HT. In  one series of 
exper iments  the  mice were t rea ted  wi th  the  me thy l -  
es terhydrochlor ide  of DL-p-chlorophenylalanine (H 69/17), 
an effect ive  inhibi tor  for the  hydroxy la t ion  of t ryp to-  
phane  to 5 -hydroxy- t ryp tophane .  

Swiss albino mice of our own labora to ry  breed were 
inocula ted  in t racerebra l ly  wi th  a mouse-bra in-adap ted  
s t ra in  (St 2 Gbg 11) of H S V  (15 LDs0 ). H 69/17 was given 
by  inject ion,  400 mg/kg,  one day  prior  to  virus  inocula- 
t ion and then  dai ly  for 4 days, af ter  which the  animals  
were sacrificed and the  brains  analyzed for the  contents  
of DA, 5-HT, homovani l l ic  acid (HVA) and 5-hydroxy-  
indoleacet ic  acid (5-HIAA).  De te rmina t ions  of D A  and 
H V A  were m a d e  spec t rophotof luoromet r ica l ly  according 
to t i le me thods  described by  CARLSSON and WALDBCK 8 
and AND~N et  al. 4. Assays of 5-HT and 5 - H I A A  were 
made  according to ANDt~N and MAGNUSSON 5 and R o o s  6, 
respect ively.  In fec t ive  v i rus  was t i t ra ted  by  de te rmin ing  
the  number  of p laque- forming  uni ts  (pfu) on monolayer  
cultures of G M K  cells, over layed  wi th  Eagle ' s  complete  
med ium conta in ing 3% bovine  serum and 1% methyl -  
cellulose. 

The  H S V  infected animals,  t r ea ted  wi th  H 69/17, 
demons t ra ted  a t  4 days  af ter  the  virus infect ion marked  
exci ta t ion  and, in addit ion,  an aggressive behaviour .  
Thus, t hey  no t  only  revealed the  character is t ic  jumpiness  
and sens i t iv i ty  to l ight  and sound effects, usual ly  found 
dur ing  the  exc i ta to ry  stage of the  disease, bu t  were 
f requent ly  found involved  in fights. No aggressiveness 
was noted in mice only inocula ted  wi th  H S V  or only 
t rea ted  wi th  H 69/17, a l though bo th  these  groups of 
animals  showed signs of exci ta t ion.  Table  I presents  the  
results oi assays of monoamines  and infect ive  virus. 

The  rise in DA synthesis  due to the  herpet ic  ence- 
phal i t is  is ref lected in the  increased concent ra t ions  of 
HVA.  The  inhib i tory  effect  of H 69/17 on 5 -HT synthesis  
appears  f rom the  5 -HT as well as the  5 - H I A A  concentra-  
tions. No inhib i tory  effect on synthesis  of H S V  by  
H 69/17 was observed.  

As the  aggressiveness was assumed to  be  condi t ioned 
by  an increased DA synthesis  and a s imul taneous  reduc- 
t ion of the  format ion  of 5-HT, a series of exper iments  

1 L. VALZELLI, Adv. Pharmac. 5, 79 (1967). 
2 ]~. LYCKE and B.-E. Roos, Experientia 24, 687 (1968). 
3 A. CARLSSON and B. WALDECK, Acta physiol, scand. 5g, 87 (1962). 
4 N.-E. ANDs B.-E. Roos and B: W~RDINIUS, Life Sci. 2, 448 

(1963). 
5 N.-E. AND~N and T. MAG~USSOS, Acta physiol, scand. 69, 87 

(1967). 
B.-E. Roos, Life Sci. l, 25 (1962). 
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was per fo rmed  in which L-DOPA was given to animals  
wi th  reduced  5-HT tu rnove r  due to  t r e a t m e n t  w i th  
H 69/17. The la t te r  c o m p o u n d  was given as one  dose of 
400 mg/kg,  i.p., to 60 mice and  af ter  var ious  per iods  of 
t ime  L-DOPA (500 mg/kg) was admin i s t r a t ed  to groups 
of 10 mice each. 

I t  was t h e n  found  t h a t  L-DOPA given 7 h or la ter  
af ter  t he  inject ion of H 69/17 p roduced  an immense ly  
aggressive behaviour  in the  animals.  W i t h i n  10 rain af ter  
the  L-DOPA inject ion the  mice revealed a p ic ture  of the  
t y p e  general ly  seen af ter  admin i s t r a t i on  of L-DOPA i.e. 
piloerection,  exophta lmus ,  r ising of the  tai l  and  neck e t c .  
This  was, however ,  a t r ans i en t  p h e n o m e n o n  and  was 
followed dur ing the  nex t  hour  by  p ronounced  aggressive 
behav iour  (Figures 1 a n d  2). The animals  appeared  in 
posi t ions as suggest ing pos tures  for f i g h t  and  indeed 
f ights  occurred cons t an t ly  be tween  groups,  of ten  con- 
ta in ing several  animals .  These vigorous f ights  resul ted  
in bleedings of ten  f rom the  nose or o the r  pa r t s  of the  
heads.  

A no the r  charac ter i s t ic  fea ture  was t h a t  t he  nose and 
the  f ron t  of neck  were wet  as indica t ive  for an increased 
persp i ra t ion  or sal ivation.  Af te r  abou t  1 h the  aggressive 
behav iour  ceased. 

W h e n  an in te rva l  of 7 h be tween  H 69/17 and  L-DOPA 
was allowed, the  concen t ra t ions  of DA and  5-HT were 
10.79 and  0.09, respect ively,  in ~g/g of b ra in  t issue.  If  
t he  t t  69/17 t r e a t m e n t  followed in lmedia te ly  or 3 h af ter  
t he  in ject ion of L-DOPA no aggressive behav iour  b u t  t he  
usual  L-DOPA effects  only  were observed.  

The dose-response for L-DOPA in H 69/17 t r ea t ed  mice 
was s tudied  wi th  concen t ra t ions  of L-DOPA ranging  f rom 
500-200 mg/kg  and  in mice p r e t r ea t ed  for 5 days  wi th  
dai ly in jec t ions  of 400 mg/kg  of H 69/17. Mice receiving 
200 mg/kg  of L-DOPA showed exc i ta t ion  b u t  no aggres- 
siveness. A m o n g  those  to  which  a dose of 300 mg/kg  
was given, 4-5 inc idents  of f ights  were seen dur ing  the  
hour  of obse rva t ion  while more  t h a n  20 f ights  were 
regis tered for animals  given 400 mg/kg  of L-DOPA. In  
t he  group receiving 500 mg/kg  the  f ight ing  w e n t  on 
a lmost  cont inuous ly  for the  whole  per iod of observa t ion .  
In  th is  con t ex t  it  is of in te res t  to  men t ion  t h a t  the  pro-  
nounced  exci ta t ion  developed in mice t r ea t ed  wi th  
p-ch lorophenyla lan ine  and  L-DOPA has been  observed  
by CHURUSCIEL and HERMAN 7. These authors did not 
observe aggressiveness in the animals, however, probably 
because the concentrations of L-DOPA used did not 
exceed 200 mg/kg. 

Using H 22/54, another effective inhibitor of the 5-HT 
synthesis with a Might catechol-o-methyltransferase 
(COMT) inhibitory effect and with a more rapid onset 
of inhibition than p-chlorophenylalanine, the results 
obtained after a subsequent L-DOPA injection were in 
agreement with those described for H 69/17. Table II 
summarizes one of the experiments. 3 groups of i0 mice 
each received i.p. 500 mg of H 22/54 per kg. 2 h later the 
groups were given I00, 200 or 300 mg/kg of L-DOPA, 
respectively. Those mice receiving 200 or 300 mg/kg 
L-DOPA developed an aggressive behaviour, whereas 
mice to which only I00 mg/kg were given did not. The 
lower dose dependence to L-DOPA for mice pretreated 
with H 22/54 than the one for animals treated with 
H 69/17 is explicable if the COMT inhibitory effect of 
H 22/54 is kept in mind. 

In the study reported, aggressive behaviour could be 
induced in mice using 3 different types of experimental 
set-up. In common they have revealed that the appear- 
ance of aggression in the animals is associated with a 
high concentration in the brain of DA and a low concen- 
tration of 5-HT. Thus, an aggressive behaviour seems to 

follow upon an increased synthes is  of DA, w h e t h e r  induced  
by  a viral  encephal i t i s  (Herpes simplex) or the  admin i s t ra -  
t ion of L-DOPA, p rov ided  the  5-HT synthes is  was reduced  
by  the  inhibi tors ,  H 69/17 or 22/54. Moreover,  it  s eemed  
obvious t h a t  i t  was no t  the  absolu te  concen t ra t ions  of 
the  monoamines  t h a t  were de t e rmin ing  bu t  the  DA 
tu rnove r  re la t ive  to  the  one of 5-HT. Aggression thus  
seemed to be caused by  a d i s tu rbed  balance  in ac t iv i ty  
be tween  the  2 types  of monoaminerg ic  neurons.  U n d e r  
the  exper imen ta l  condi t ions  applied,  NA seemed less 
i m p o r t a n t  for the  deve lopmen t  of aggression.  The p re sen t  
s tudy  does not ,  however ,  exclude the  possibi l i ty  t h a t  also 
an a l tered NA t u rn o v e r  m i g h t  be of impor tance ,  since no 
de t e rmina t ions  of NA or n o r m e t a n e p h r i n e  af ter  MAO 
inhib i t ion  were made.  A more  deta i led  r epor t  of t he  
p resen t  s t u d y  will follow elsewhere.  

In  mice the  s y m p t o m a t o l o g y  of t he  H S V  encephal i t i s  
seems at  least  par t i a l ly  d e p e n d e n t  upon  the  rise in t he  
m o n o a m i n e  synthesis .  Inh ib i t ion  of the  DA-syn thes i s  by  
admin i s t r a t i on  of e -me thy l ty ros ine  will thus  ma rk ed ly  
reduce the  exc i t a to ry  s tage in the  infected an imals  (un- 
publ i shed  data) .  Fu r the rmore ,  t he  capac i ty  to affect  t he  
m o n o a m i n e - m e t a b o l i s m  is no t  p re sen t  in all viral  ence- 
phal i t ides .  One of the  viruses besides H S V  which  by  
in t racerebra l  infect ion of mice will cause an increase of 
DA and 5-HT synthes is  is rabies. W i t h  these  observa t ions  

"fable I. Concentrations of monoamines and Herpes simplex virus 
(HSV) in brains of mice after treatment with p-chlorophenylalanine 
(H 69/17) and inoculation with HSV 

Treatment No. of txg/g Brain tissue log 
mice DA HVA 5-HT 5-HIAA pfu/ml 

ttSV 100 0.48 0.23 0.38 0.59 5.4 
HSV + H 69117 175 0.44 0.19 0.06 0.10 6.1 
H 69/17 60 0.43 0.09 0.07 0.05 - 
Untreated control 50 0.43 0.06 0.35 0.31 - 

Mice were treated with H 69117 for 24 h before they were inoculated 
with HSV (15 LDs0 ). 4 days later the brains were harvested, the 
concentration of dopamine (DA), homovanillic acid (HVA), 5-hydro- 
Xytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA), 
respectively, assayed, the amount of infective virus in a 20% brain 
suspension titrated. The virus titer is expressed in plaque forming 
units (pfu) per millilitre. 

Table II. Concentration of monoamines in brains of mice treated 
with c~-propyldopaeetamide (H 22/54) and I,-DOPA 

~xg/g Brain tissue 
Treatment DA 5-HT NA 

H 22]54 + L-DOPA 100 mg/kg 0.96 0.21 0.35 
H 22]54 + L-DOPA 200 mg/kg 1.43 0.12 0.40 
H 22/54 + I,-DOPA 300 mg/kg 3.25 0.11 0.38 

The mice were pretreated with H 22/54, 500 mg/kg, and received 
2 h later 100-300 mg/kg of L-DOPA. The brains weI'e harvested 
30 min after the L-DOPA injection and analyzed for contents of 
dopamine (DA), 5-hydroxytryptamine (5-HT) and noradrenalin (NA). 

7 T. L. CHURUSCIEL and Z. S. HERMAN, Psyehopharmacologia ld, 
124 (1969). 
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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. 


