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bet  37 ~ inkub ie r t ,  f i l t r ier t ,  u n d  die ge fg rb ten  ZelIkerne 
werden  in der  B i i rke r -T i i rkschen  K a m m e r  gez~hl t  ~. 

Di f fe ren t ia lz i ih lung  der  Exsuda tze l l en .  Mate r ia l  von  
dem der  Ep ide rmi s  z u g e w a n d t e n  Tell  des Sephadexhe r -  
des wurde  ausges t r ichen ,  m i t  H~tmatoxy l in -Eos in  geft i rbt  
und  de r  p rozen tue l l e  Ante i l  de r  G r a n u l o z y t e n  b e s t i m m t .  

0 d e m m e s s u n g .  Das  P f o t e n 6 d e m  der  1Ratte wurde  n a c h  
s u b p l a n t a r e r  I n j e k t i o n  yon  0,2 ml  Sephadex  bzw. CaC12- 
S e p h a d e x  v o l u m e t r i s c h  gemessen.  

E~,geb~zisse. N a c h  6 S t u n d e n  u n t e r s c h e i d e t  sich, gleich- 
giil t ig welche CaC12-Konzentra t ion v e r w e n d e t  wird, der  
h is to logische  B e f u n d  n i c h t  v o n  der  Kontro l le .  N n r  bet 
h o h e r  Ca2+-Konzen t ra t ion  (30 retool) s ind hier  u m  den  
E n t z i i n d u n g s h e r d  auch  Nekrosee r sche inungen  s ich tbar .  
Zah l  u n d  Ante i l  der  i n t a k t g e b l i e b e n e n  Mastze l len  is t  bet 
h o h e r  Ca~+-Konzen t ra t ion  reduzier t ,  da  Ca 2+ u n t e r  an-  
de rem s u c h  Mastze l len  zers t6ren  k6nnen .  Die Gesamt -  
zahl  der  E x s u d a t z e l l e n  und  de ren  p rozen tue l l e r  G e h a l t  
a n  G r a n u t o z y t e n  u n t e r s c h e i d e n  sich ebenfa l l s  n i ch t  von  
der  Kon t ro l l e  (Tabelle).  CaC12-Sephadex v e r u r s a c h t  m i t  
30 m m o l  Ca 2+ eine gleiche, m i t  4,5 n n d  7,5 m m o l  Ca 2+ 
eine s t t t rkere V o l u m e n z u n a h m e  der  Rat f ienpfote  als NaC1- 
Sephadex .  

A n c h  n a c h  24 S t u n d e n  u n t e r s c h e i d e t  sich das  h is to-  
logische Bild, gekennze i chne t  d u t c h  ein be t r / ich t l iches  
R e s t 6 d e m  und  re ich l ich  Zellen u m  u n d  im Sephadexhe rd ,  
n i e h t  von  der  IKontrolle, abgesehen  von  deu t l i che r  wer-  
d e n d e n  Nekrosen.  Die G e s a m t z a h I  u n d  der  Ante i l  i n t ak -  
t e r  Masfzel len  is t  ve r m i nde r t .  Das VerhS~Ifnis Granulo-  

zy t en  zu mononuk le i i r en  Zellen im E x s u d a t  h a t  sich, im  
Gegensa tz  zu d e m  n a c h  6 S t u n d e n  e r h o b e n e n  Befund ,  
v e r s c h o b e n :  W g h r e n d  bet  der  S e p h a d e x e n t z i i n d u n g  86% 
der  Zellen G r a n u l o z y t e n  sind, w u r d e n  n a c h  I n j e k t i o n  v o n  
CaC12-Sephadex (4,5 m m o l  Ca 2+) n u r  60% G r a n u l o z y t e n  
geAthlt .  Dieser  P r o z e n t s a t z  n i m m t  m i t  s t e igender  Ca 2+- 
K o n z e n t r a t i o n  wieder  zu. Die Zah l  al ler  E x s u d a t z e l l e n  
is t  geringfi igig n iedr iger  als bet  der  S e p h a d e x e n t z i i n d u n g .  
Die V o l u m e n z u n a h m e  der  R a t t e n p f o t e n  is t  s u c h  n o c h  
n a c h  24 S t u n d e n  be t r i i ch t l i ch :  ~V/ihrend die Pfo te  n a c h  
I n j e k t i o n  von  NaC1-Sephadex  u m  r u n d  die Hii lf te  ihres  
A u s g a n g s v o l u m e n s  z u g e n o m m e n  ha t ,  ve rgr6sse rn  sich 
die P f o t e n  d u r c h  CaCI2-Sephadex u m  das  Doppel te .  

Disl~4ssion. Aus den  V e r s u c h e n  geh t  he rvor ,  dass  eine 
e rh6h t e  Ca2+-Konzen t ra t ion  a m  Of t  e iner  sich en t -  
wicke lnden  E n t z i i n d u n g  ke inen  h e m m e n d e n  Einf luss  auf  
den E n t z i i n d n n g s p r o z e s s  ha t .  Dies zeigen vor  a l lem die 
nach  6 S t u n d e n  e r h a l t e n e n  Ergebnisse .  F i n e  <~gef~issab- 
dichtende~> W i r k u n g  h g t t e  sict~ gerade  in d iesem fiir die 
E n t s t e h u n g  und  A u s b r e i t u n g  des 0 d e m s  und  fiir die 
L e u k o z y t e n e m i g r a t i o n  massgeb l i chen  Z e i t r a u m  bemerk -  
ba r  m a c h e n  miissen.  

W e n n  Ca 2+ ~iberhaupt  eine a n t i e x s u d a t i v e  W i r k u n g  
haben ,  d a n n  k 6 n n t e  diese d u r c h  Ca techo lamine  zus t ande  
kommen ,  die d u r c h  i n t r a v e n 6 s e  I n j e k t i o n  yon  Ca 2+ frei- 
gese tz t  werden  5. 
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Summc~ry. A s t u d y  was m a d e  of the  effect  of da i ly  a d m i n i s t r a t i o n  of k a n a m y c i n  (400 mg kg *) on the  hea r ing  of W i s t a r  
a lb ino and  Lis te r  hooded  (pigmented)  rats ,  wh ich  h a d  been  cond i t i oned  to dmcr imina te  an  acoust ic  signal.  In  all  
an ima l s  excep t  one, the  d rug  caused  severe,  p e r m a n e n t  hea r ing  i m p a i r m e n t  a n d  the re  was no  dif ference be tween  
a lb ino and  p i g m e n t e d  ra t s  in onse t  or degree. O t h e r  work  has  sugges ted  a m e d i a t o r y  role for m e l a n i n  p i g m e n t  in  such  
d rug  o to tox i c i t y  b u t  t he  s ignif icance of th i s  m u s t  be  ques t i oned  in v iew of t he  fai lure  to  f ind a n y  differences in func t iona l  
deficit .  

K a n a m y c i n  is one of a n u m b e r  of an t ib io t i c s  wh ich  
exe r t  a toxic  effect  on the  ear  and  whose  admin i s t r a t i on ,  
in ce r t a in  c i rcumstances ,  m a y  resu l t  in deafness.  The  
e luc ida t ion  of t he  m a n n e r  in which  such drugs  cause  
deafness  has  a t t r a c t e d  m u c h  in te res t  and  cons iderable  
effort,  b u t  t he  exac t  m e c h a n i s m s  r e m a i n  unresolved.  

Oto tox ic  drugs  h a v e  been  shown to a c c u m u l a t e  in t he  
inne r  ear  and  th i s  has  been a t t r i b u t e d  3 to t he i r  a f f in i ty  
for me l an in  p i g m e n t  which ,  in t he  cochlea,  ~s found  
m a i n l y  in t he  s t r ia  vascular is .  The  impl ica t ion  t h a t  pig- 
m e n t e d  an ima l s  would  a c c u m u l a t e  o to tox ic  drugs  in t he  
inne r  ear  to  a g rea te r  e x t e n t  t h a n  a lb ino  an imal s  and  
would  c o n s e q u e n t l y  be more  l ikely to suffer hea r ing  im- 
p a i r m e n t  has  been  i nves t i ga t ed  4. The  hea r ing  of a lb ino  
a n d  p i g m e n t e d  r a t s  and  guinea-pigs  was assessed b y  
m e a s u r e m e n t  of acoust ic  s t a r t l e  r eac t ion  and  a progres-  
sive d i m i n u t i o n  of s t a r t l e  r eac t ion  fol lowing o to tox ic  d rug  
a d m i n i s t r a t i o n  was t a k e n  to be ind ica t ive  of t he  develop-  
m e n t  of hea r ing  i m p a i r m e n t .  A l t h o u g h  p r e l i m i na r y  resul t s  
did sugges t  t h a t  d rug- induced  deafness  occurred  more  
readi ly  in p i g m e n t e d  animals ,  s u b s e q u e n t  s tud ies  were 

unab le  to  revea l  a n y  s ign i f ican t  differences be tween  t h e  
o to tox ic  effects of k a n a m y c i n  or n e o m y c i n  on aIbino and  
p i g m e n t e d  ra t s  and  guinea-pigs.  However ,  i t  was sug- 
gested,  a t  t he  t ime,  t h a t  t he  m e t h o d s  employed  m i g h t  
no t  h a v e  been  suff ic ient ly  sens i t ive  to  d e t e c t  a n y  sub t l e  
differences.  

A f u r t h e r  s t u d y  has  now been  carr ied  o u t  on the  effects 
of k a n a m y c i n  on a lb ino  and  p i g m e n t e d  rats ,  us ing  a n  
o p e r a n t  cond i t i on ing  t echn ique .  I t  has  been  shown ~ t h a t  
th i s  is an  a p p r o p r i a t e  t e c h n i q u e  for t he  s t u d y  of t h e  
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onset,  deve lopmen t  and relat ive ex t en t  of hear ing  im- 
pa i rmen t  in rats,  admin is te red  chronical ly  w i t h  kana-  
mycin.  

Mater ia l s  and methods. A detai led descr ip t ion  of the  
appa ra tus  and methods ,  including the  t ra in ing  proce- 
dures,  appears  e l sewhere5  

Six male YVistar albino and 6 male Lis ter  hooded  
(pigmented) ra ts  were condi t ioned  to d iscr iminate  an 
8 kHz  tone  (56.5 :~ 0.5 dB, re 0.0002 dyn  cm .2). The ani- 
mals, 4 mon ths  old a t  the  beginning of the  s tudy,  were 
reduced by means  of food depr iva t ion  to 85% of the i r  
free-feeding weights  and were ma in ta ined  at  this  level 
by  provis ion of a dai ly  weighed food rat ion.  

Two operan t  t e s t  chambers ,  in s o u n d - a t t e n u a t i n g  
boxes, were used and d iscr imina t ion  of the  tone  was 
indica ted  by  a di f ferent ia l  ra te  of responding  (lever pres-  
sing) be tween a l t e rna t ing  tone  and no- tone  periods. The 
re in forcement  schedule used to p romote  a h igher  rate  of 
responding  dur ing  tone  periods is shown in Figure 1. The 
animals  were t ra ined  in tr ials  last ing 45 min  unt i l  the i r  
d iscr iminat ion  pe r fo rmances  (DP's) stabil ized.  W h e n  
baseline D P ' s  were establ ished,  dai ly  (except Sat  and 
Sun) s. c. in ject ions  of kanamyc in  (400 mg kg -~) were given 

r-- I0"' R+j~'-IIO" 
[I,~I 5R--I.- S I._ R I 

Fig. 1. Rei~fforcelnent schedule used to promote a differential be- 
tween rates of responding in the tone and no-tone periods. Sl-ton~ , 
S2-no-tone , R-response, Sg+-reinforcement. S 1 is a fixed interval of 
10 sec. In the presence of S~ every 15th response is reinforced with 
a food pellet. S 2 is also a fixed interval of 10 see in the absence of any 
response. S~ is replaced by S 1 at the end of this 10 sec, although 
each response during S 2 delays the onset of tone ($1) by a further 
10 see. 
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Fig. 2. Tone discrimination perforInanees of all albino rat (A) and a 
pigmented rat (B) showing responses during tone (II--O) and no-tone 
(�9169 Each point is the mean of 2 consecutive trials. This simpli- 
fLed the presentation o~ results and was considered to be justified in 
that evmlescent fluctuations in discrimination performances were not 
of consequet~ce. The total time scale is 16 weeks but there was some 
variation in the time intervals between trials. The arrows denote the 
commencement and termination o f  administration of kanamycitl 
(400 mg kg ~I day-X). 

for 8 weeks. Throughou t  this  t ime  and for 4 weeks follow- 
ing the  t e rmina t ion  of drug  admin i s t r a t ion  D P  was 
moni to red  dai ly (except Sat  and Sun). 

Resul ts .  The D P  of 1 Lis te r  hooded  ra t  was s table  
t h r o u g h o u t  the  per iod of t es t ing  which  suggested t h a t  
this  animal  was unaf fec ted  by  the  kanamyc in  dosage. "With 
all the  o ther  ra ts  there  was a p e r m a n e n t  impa i rmen t  of 
D P  and, wi th  2 except ions  (1 Wis ta r  and 1 Lis ter  hooded),  
the  onset  of th is  effect occurred dur ing the  last  week of 
drug adminis t ra t ion .  The i m p a i r m e n t  progressed af ter  
t e rmina t i on  of kanamyc in  dosage until,  in all cases, D P  
was eventua l ly  ext inguished comple te ly  (Figure 2). There  
was some individual  var ia t ion  in the  t ime  course of the  
progression of hear ing impa i rment ,  as ind ica ted  by  tile 
t ime in terval  be tween the  onse t  of impai red  D P  and  its 
ext inct ion.  However ,  there  was no dis t inguishable  pa t -  
te rn  in th is  be tween  albino and p igmen ted  animals.  W i t h  
the  two  except ions,  D P  was first  a f fec ted  abou t  3 weeks 
before the  end of drug admin i s t r a t ion  and, in bo th  cases, 
was ex t inguished  before drug dosage was completed.  

F r o m  Figure 2 it can be seen t h a t  the re  was a sudden  
reduct ion  in the  n u mb er  of responses  dur ing tone,  im- 
media te ly  following the  s t a r t  of kanamyc in  adminis t ra -  
t ion;  this  reduct ion,  which occurred to some degree in all 
animals,  subsequent ly  recovered.  I t  can be a t t r i bu t ed  to 
a t r ans i en t  effect  of the  drug on the  animals '  hunger  
drive 5. 

Comment .  This s tudy  revealed no difference be tween  
the  suscept ib i l i ty  to  the  o to toxic  effects of kanamyc in  of 
albino and  p igmen ted  rats .  A great  m a n y  labora tory  ani- 
InM studies  have  explored the  effects of a var ie ty  of 
o to toxic  drugs, bu t  mos t  au thors  have  failed to  r epor t  
w h e t h e r  t hey  used albino or p igmen ted  animals,  or botS.  
However ,  b o t h  funct ional  6,7 and his topathologica l  s-~0 
changes  have  been observed in albino animals  following 
the  admin i s t ra t ion  of o to toxic  antibiotics.  Consequent ly ,  
there  has never  been any  quest ion t h a t  albino animals  
migh t  be i mmu n e  f rom o to toxic i ty  b y  v i r tue  of the i r  
hav ing  no melanin  p igment .  Fur the rmore ,  the  p resen t  
work  suggests  t h a t  albino animals  are no less suscept ible  
to o to tox ic i ty  t han  p igmen ted  animals.  

I t  now appears  necessary  to  ques t ion the  significance 
of t he  empir ical  observa t ions  t h a t  melanin  p igment  has 
a h igh  aff in i ty  for known oto toxic  drugs and  causes t h e m  
to accumula te  at  its sites of location in the  bodyK The 
pr incipal  si te of locat ion in the  cochlea is the  str ia vascu-  
laris. Several  workers~- l~  have  observed strial  lesions in 
guinea-pigs in jec ted  wi th  o to toxic  drugs and one s t u d y  a 
re la ted  the  damage  to p igmen ta t i on  since kanamyc in  was 
found  to  have  caused serious damage  in the  s t r ia  of 
p igmen ted  guinea-pigs bu t  no t  in aIbino animals.  The 
str ia  vascularis  is involved in the  p roduc t ion  of endo-  
lymph,  a fluid which  is in con tac t  wi th  the  receptor  hair-  
ceils. Thus  damage  to the  s t r ia  vascularis  could affect  
the  compos i t ion  of e n d o l y m p h  and the  hair-cells would  
a lmos t  cer ta in ly  be ve ry  sensi t ive to such disrupt ion of 
the i r  immed ia t e  env i ronment .  We have  earlier com- 
men t ed  ~ on the  suspicion t h a t  hair-cell  damage  m a y  oc- 
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cur secondary  to pathological  changes  in the  s t r ia  vas-  
cularis, a l though  a causal  re la t ionship  has no t  been proven.  

However ,  it  is possible t h a t  in jury  to  the  s t r ia  vas- 
cularis, associated wi th  melan in- induced  drug accumula-  
t ion there,  could resul t  in changes  in e n d o l y m p h  com- 
posi t ion and u l t ima te  hair-cell  damage.  If  th is  were t he  
mechan i sm of act ion then,  given the  observed differences 
in str ial  lesions be tween  albino and p igmen ted  animals,  
differences would  be expec ted  in the  degree of hair-cell  
damage  and consequen t ly  in the  degree of hear ing im- 
pa i rment .  This  appears  no t  to be the  case. 

I t  m igh t  therefore  be in teres t ing  to discover  w h e t h e r  
the  accumula t ion  of o to toxic  drugs in the  str lal  melanin  
would be ref lected in higher  levels of the  drugs in the  
endo lymph  of p igmen ted  animals,  where t h e y  could exer t  
a direct  effect  on the  hair-cells. If such differences in 
drug e n d o l y m p h  level were no t  observed i t  would argue 
for a more  s ignif icant  role of d i rect  effect  of the  drugs on 
the  hair-celIs r a the r  t h a n  one med ia ted  th rough  str ial  
damage  and  would explain  the  failure to observe any  
differences in hear ing i m p a i r m e n t  be tween  albino and 
p igmen ted  animals.  

P s e u d o l y m p h o m a  of Sk in  Induced  by Orienta l  Hornet  (Vespa orientalis) V e n o m  
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Summary. i n t r a d e r m a l  inject ion of saline suspension of Vespa orientalis venom sac to 57 black mice caused a local 
nodule  composed  o f lymphocytes ,  few his t iocytes  and p lasma  cells 10 to  12 days  following the  injection. This react ion 
s imulates  the  p s e u d o l y m p h o m a  react ion observed in h u m a n s  following a r th ropode  stings. 

The histological  lesions in a r th ropode  st ings have  two 
d is t inc t  componen t s  which m a y  or m a y  no t  be combined.  
Changes in the  epidermis  mani fes ted  by  pseudoepi thel io-  
ma tous  hyperp las ia  and  dermal  inf i l t ra t ion 1-3.The der- 
mal  i n f l ammato ry  inf i l t ra t ion m a y  consis t  e i ther  of ne- 
crot izing lesions wi th  a b u n d a n t  eosinophilic leucocytes,  
or as a dense lymphocy t i c  inf i l t ra t ion 1-a. This dense 
lymphocy t i c  inf i l t ra t ion can s imulate  l y m p h o m a  infil- 
t r a t i ng  the  skin and the  t e r m  ' p s e u d o l y m p h o m a '  was 
used 4,2. In  an extens ive  s t u d y  of the  effect  of or iental  
ho rne t  (Vespa orientalis) venom on various organs, in t ra-  
dermal  in ject ion of or iental  ho rne t  v e n o m  was examined  

in various animals  4, 5. In  guinea-pigs and rats,  i n t r ade rmal  
inject ion of the  v e n o m  causes an acute  i n f l a m m a t o r y  
response wi th  a b u n d a n t  eosinophils  4, ~. In jec t ion  of h o rn e t  
venom into young black mice causes a dense local lym- 
phocyt ic  inf i l t ra t ion s imula t ing  lymphoma.  

Twelve 10-day-old C 57 black mice were in jec ted  wi th  
a saline suspension of Vespa orientalis venom sac (150 mg/  
0.1 ml) in t r ade rmal ly  in the  back  area. The animals  were 
sacrificed at  days  2, 4, 6, 10, 12 af ter  in jec t ion  and the  

1 A. C. ALLEN, Am. J. Path. 24, 367 (1948). 
2 A. C. ALLEN, The Skin (Grune & Stratton 1967). 
3 W. P. HOREN, J. A. M. A. 221, 894 (1972). 
4 L. BAER-NEA and J. ][SHAY, hit. Congr. Toxic. Costa Rica, July 

1976. 
M. SANDBANK, L. BARR-NF.A and J. ISHAY, to be published. 

Fig. 1. Skin showing normal epidermis and upper dermis. A dense 
infiltration composed mainIy of lymphoeytes in the lower dermis. 
Hematoxylin-eosin stain. • 80. 

Fig. 2. Higher magnification of the dermal infiltration. Abundant 
small lymphocytes, few plasma cells and eosinophils. IIematoxylin- 
eosin. • 200. 


