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sprechende  L-Aminos/iure als Gegenkomponen t e  anbie te t .  
Die Messungen im Kreuz te s t  e rb rach ten  folgende Da ten :  

Peptid: L-Aminosaure Verhfiltnis 

L-Arg-D-Ala-L-Phe :L-Ala = 1 : 1 
L-Arg-D-VaI-L-Phe:L-Val = 1 : 1 
L-Arg-D-Leu-L-Phe : L-Leu = 1 : 2 
L-Arg-D-Tyr-L-Phe : L-Tyr = 1 : 2 
L-Arg-D-Phe-L-Phe : L-Phe = 1 : 6 

men:  Paecilomyces varioti, Mucor  miehei, Candida albi- 
cans, Candida pseudotropic, Geotriehum candidum,  N e m a -  
tospora corylii  und  Torulopsis  glabrata. 

Summary .  Five  t r ipep t ides  w i th  the  sequence L-Arg-D- 
X-L-Phe  showed ant ib io t ic  ac t iv i ty  on fungi  and on some 
pa thogenic  moulds.  The act ion of the  pep t ides  could be 
neut ra l ized  in t he  cross-s tr ip  tes t  by  the  L-amino acid 
cor responding  to  the  D-amino acid in the  nfiddle posi t ion.  
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Die e rha l tenen  Ergebnisse  zeigen eine deut l iche  ~ b e r -  
e i n s t i m m u n g  mi t  den Resul ta ten ,  die L6FFLER et  al. 1 
bei E x p e r i m e n t e n  mi t  dem von  ihnen isolierten Pep t id  
e rha l ten  haben.  Darf iber  h inaus  wird aus der  vor l iegenden 
Arbe i t  deut l ich,  dass I)-allo-Thr auch  durch  andere  D- 
Aminos/ iuren in der  obigen Sequenz erse tz t  werden  kann.  
Wei te r  wird  augenf~llig, dass  die an t ib io t i sche  Akt ivi t i t t  
der  Pep t ide  desto  gr6sser wird  je h y d r o p h o b e r  die ein- 
gese tz ten  D-Aminos~Luren sind. Trifunktionel le ,  a l iphat i -  
sche D-Aminos~turen sind unwirksam,  obwohl  das nati i r-  
liche Pep t id  (mit  D-allo-Thr) an t ib io t i sch  ak t iv  ist. Die 
Kreuz tes te rgebn isse  lassen darauf  schliessen, dass  die 
mi t te l s t~ndige  D-AminosAure ein wirksames  Pr inz ip  der  
Tr ipep t ide  darstel l t .  

Die ant ib io t i sche  AktivitS.t der  5 wirksamen,  syn the-  
t i schen  Pep t ide  ers t reckt  sich auf folgende Mikroorganis-  
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Inflamed Gingivae Contain more free Lysosomal  

Evidence  t h a t  lysosomes could play a role in chronic 
i n f l a m m a t o r y  p rocesses  comes especially f rom studies  on 
jo in t  rheumato id  diseases 1 -a and f rom in v i t ro  experi-  
m e n t s  4-s. High  levels of acid phospha t a se  and ca theps in  
D, appa ren t l y  i ndependen t  of increased cellularity,  were 
found  in rheuma to id  synovial  m e m b r a n e s  when  compared  
wi th  normal  synovial  t issue 2-3. Fu r the rmore ,  in model  
exper iments ,  ca theps in  D has been shown to be largely 
responsible  for the  degrada t ion  of ar t icular  cart i lage 4. 

We now presen t  evidence t h a t  a ve ry  c o m m o n  inf lam- 
m a t o r y  process,  per iodonta l  i n f l ammat ion  (gingivitis and  
per iodont i t is ) ,  is accompanied  by  a s ignif icant  increase in 
free lysosomal  hydrolases.  

Pe r iodon ta l  i n f l ammat ion  is responsible  for the  loss of 
abou t  one half  of the  to ta l  n u m b e r  of t e e t h  ex t r ac ted  
t h r o u g h o u t  the  wor ldL The in f l ammat ion  s ta r t s  a t  the  
gingival  margin  (gingivitis) and is caused by  excessive 
a m o u n t s  of bac ter ia  colonizing on the  t o o t h  surface close 
to  t he  gingiva, the  bacter ia l  'p laque '1~ P r o b a b l y  in 
associat ion wi th  immunological  mechan i sms  n,  the  disease 
leads to a progressive des t ruc t ion  of the  t issues suppor t ing  
the  tee th .  The sever i ty  of the  disease can be assessed 
clinically by  various types  of indices. A m o n g  these,  the  
gingival  index of in f l ammat ion  ~2, and  the  a m o u n t  of 
crevicular  exuda te  ~3,~4, are measures  of the  degree of 
i n f l ammat ion  of the  gingiva itself, while the  d e p t h  of the  
pocke ts  is a cr i ter ion for the  des t ruc t ion  of the  deeper  
per iodonta l  s t ruc tures  (connective and  bone  tissues). 

The release of lysosomal  enzymes  has  been s tudied  in 
v i t ro  using cul tures of leucocytes  ~, 6 and  macrophages  7, s 
In  vivo,  however,  wi th  the  except ion  of w h a t  has been  
observed in exper imen ta l ly  induced i n f l a m m a t o r y  le- 
sions~5,~6, a clear demons t r a t i on  of an ext ra- lysosomal  
l ibera t ion  of enzymes  in a na tu ra l ly  occurr ing pa tho-  
logical s i tua t ion  is still lacking. 

Enzyme 

Mater ia l  and methods. Samples  of marginal  gingiva 
were ob ta ined  dur ing  t o o t h  ex t rac t ion  and per iodonta l  
surgery f rom 35 p a t i en t s  af ter  measur ing  in the  b iopsy  
area the  degree of gingival  in f lammat ion ,  the  flow of 
gingival  exuda te  and  the  d e p t h  of the  per iodonta l  pocke t s  
(average of 3 ineasurements) .  The biopsies were chil led in 
ice-cold 0.25 M sucrose and washed  in the  same solut ion 
to  r emove  blood. Af ter  weighing, the  gingiva was finely 
minced  wi th  scissors and homogenized  wi th  a Inotor-dr iv-  
en, loose-clearance,  all-glass homogenizer .  The homoge-  
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Correlations between the free activities of the 3 hydrolases (as 
percentages of total) and the parameters nieasuring the severity of 
gingival inflammation 

Clinical parameters Degree of multiple (RZ) P �9 
or canonical (eean) 
correlation 

Gingivalindex of inflammation R 2 = 0.126 0.25 
Gingival fluid flow R 2 = 0.433 0.01 
Pocket depth R ~ = 0:.323 0.05 
Gingival index and gingival fluid eean = 0.691 0.05 
Gingival index, gingival fluid 
and pocket depth Cean= 0.461 0.05 

Probability as determined from the correlation tables. 

n iza t ion was pe r fo rmed  under  s t andard ized  condi t ions  for 
2 min  wi th  one u p - a n d - d o w n  stroke every  15 sectL The 
homogena te  was cent r i fuged at  600 g for 10 rain yielding 
a cell-free s u p e r n a t a n t  (cytoplasmic extract)  and a sedi- 
m e n t  ~7. Free  to to ta l  act ivi t ies  of acid phospha tase ,  /~- 
glucuronidase  and  ca theps in  D were de t e rmined  in t he  
cy top lasmic  ex t r ac t  by  assay ing  the  enzymes  in the  
absence and  in t he  presence  of 0.1% Tr i ton  X-100 (w/v). 
4-Methylumbel l i feryl  d ihydrogen  p h o s p h a t e  and 4- 
methylmubell iferyl- /5-D-glucuronide were used as sub- 
s t ra te  for acid phospha t a se  18 and /%glucuronidase 19, 
respect ively,  while ca theps in  D was de te rmined  by  a 
modi f ica t ion  of the  m e t h o d  of ANSON ~0: 

Results.  The free act ivi t ies  of tS-glucuronidase and  ca thep-  
sin D were found  to  be on average 69.7% and 77.8~o, 
respect ively.  A similar  value (73.8%) was found for acid 
methylumbel l i fe ry l  phospha tase .  

W h e n  the  biochemical  d a t a  were compared  wi th  the  
clinical f indings,  posi t ive  corre la t ions  were found be tween  
the  re la t ive free ac t iv i ty  of the  3 hydrolases  and  the  index 
of in f lammat ion ,  the  i n t ens i ty  of gingival exuda te  flow, 
and  the  d e p t h  of t he  pockets .  The Table  shows these  
correlations.  They  were calcula ted using e i ther  the  mult i -  
ple or the  canonical  coeff icient  2~. The degree of posi t ive  
correla t ion was, w i th  one except ion,  a lways signif icant  
wi th  a p robab i l i ty  level h igher  t h a n  95~o. The Figure  

represen ts  tile corre la t ion (r ~ + 0.559, p < 0.01) 
found  be tween  the  free ac t iv i ty  of fl-glucuronidase, 
expressed  as pe rcen t  of t he  to ta l  ac t iv i ty ,  and  t h e  in ten-  
s i ty  of gingival  fluid flow. 

Discussion.  The da t a  p resen ted  show t h a t  chronic 
gingival  i n f l ammat ion  is accompanied  b y  an increase in 
the  a m o u n t  of free lysosomal  hydrolases .  This is ev iden t ly  
no t  a consequence  of increased cel lulari ty in the  inf lamed 
area, since the  sever i ty  of i n f l ammat ion  is shown to  
corre la te  wi th  the  rat io of free to  to ta l  hydro lase  activi t ies.  

Several  mechan i sms  could account  for the  extracel lular  
release of acid hydrolases  in the  inf lamed gingiva. 
Macrophages,  a ma jor  cellular c o m p o n e n t  of chronical ly  
inf lamed tissues, are known  to release lysosomal  enzymes  
dur ing phagocytos i s  of bacter ia l  p roduc t s  or i m m u n e  
complexes  22. In  vi tro,  it  has  been shown t h a t  macrophag-  
es can ex t rude  lysosomal  hydrolases  w i thou t  loss of 
v iabi l i ty  when  t h e y  are exposed  to  ex t r ac t s  of bacter ia l  
p l aqueL Similar p h e n o m e n a  are known to  occur in poly- 
morphonuc lea r  leucocytes  which release pa r t  of the i r  
granule  con ten t s  in the  a t t e m p t  of phagocy tos ing  large 
par t ic les  such as i mmu n e  complexes  22. Finally,  since 
cellular i mmu n e  react ions  are p ro b ab l y  impl ica ted  in 
per iodont i t i s  n,  i t  should be kep t  in mind  t h a t  lectin- 
s t imula ted  l y m p h o c y t e s  were found to  con ta in  an increas- 
ed anaount  of lysosomal  enzymesL 

I t  should be  po in ted  out  t h a t  po lymorphonuc lea r  
leucocytes  con ta in  a non- lysosomal  acid phospha t a se  
which  spli ts  a romat ic  subs t ra tes  like methy lumbel l i f e ry l  
phosphate~3,~4. This m a y  lessen the  significance of the  
da t a  ob ta ined  wi th  th is  par t icu lar  enzyme.  On the  o ther  
hand ,  as discussed above,  there  are var ious  sources of 
lysosomal  enzymes  in chronical ly  inf lamed tissue, and  the  
re la t ive con t r ibu t ion  of po lymorphonuc lea r  leucocytes  is 
a lmost  cer ta in ly  small.  

Rdsumd. Les act ivi t6s  libre et to ta le  des enzymes  
phospha t a se  acide, fl-glucuronidase et  ca theps ine  D o n t  
6t6 mesur6es dans  35 biopsies gingivales apr6s homog6ni-  
sa t ion  et  isolat ion de l ' ex t r a i t  cy toplasmique .  Les r6sul- 
t a t s  semblen t  p rouver  une l ib6ration ex t ra lysosomale  
d ' e n z y m e s  p e n d a n t  un processus in f l ammato i re  tr6s 
f r6quent  chez l ' homme.  
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Relationship betweerz the free fl-glucuronidase (as percentage of 
total) found in the gingival biopsies, and the degree of gingival 
inflammation, measured by the intensity of gingival fluid flow. The 
fluid was collected by filter paper strips placed in the gingival margin 
during a given time 13,14 
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