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Summary. In a test series with 15 rabbits a so-cMled central keratitis by means of a red- 
hot needle was set in the left and right eye. The cornea of the left eye was immediately 
extirpated under sterile conditions and was observed in the tissue culture for 6 days. The 
corresponding right eye of the first rabbit was left within the animal's body, later it was 
extirpated after i/2, 1, 11/2, 2 hours etc. up to 11 days histologically examined. In the 
explants following results were obtained. After the lesion is set the puncture site is devoid 
of epithelium. A double wall of cells lies closely around the crater. One-and-one-half hours 
later these large cells with more or less variably segmented nuclei demonstrate a strong proli- 
feration. The characteristic nucleus form, the weakly positive naphthol-ASD-ehloracetate- 
esterase-reaction and the variable peroxydase-reaction of these cells resemble quite closely 
leucocytes in phenomenology and ferment-histochemistry. We have therefore chosen the 
description leucoeytoid cells. They are not leucocytes, but cells which originate from basal 
pluripotent epithelia of the cornea. The so-cMled central keratitis is not an inflammation 
in the sense of Marchand, it is rather a regenerative process. The thesis of Busse-Grawitz, 
that  leucocytes in the cornea originate from collagen and elastic fibers or less than cocci- 
sized transitional forms, cannot be verified. 
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Zusammen]assung. In einer Versuehsreihe an 15 Kaninchen wurde an der Hornhaut des 
linken und rechten Auges mittels einer gliihenden Nadel eine sog. zentrMe Keratitis induziert. 
Die Cornea des linken Auges wurde unter sterilen Bedingungen sofort exstirpiert und 6 Tage 
in der Gewebekultur beobachtet. Das korrespondierende rechte Auge wurde beim 1. Kaninchen 
sofort, sparer nach 1/2, 1, 11/2, 2 Std usw. bis zu 11 Tagen im Tierk6rper belassen, dann ex- 
stirpiert und histologisch aufgearbeitet. An den tIornhautexplantaten beobachteten wir 
folgende VerS~nderungen: Nach gesetzter Lision ist die Stichstelle ohne Epithel. Direkt um 
den Krater liegt ein doppelter ZellwMl. Nach 11/2 Std kommt es zu einer starken Ver- 
mehrung yon groBen runden Zellen mit mehr oder weniger segmentierten Kernen. Den 
gleiehen Vorgang finder man an den Explantatriindern. Die charakteristische Kernform, 
die schwach positive Naphthol-ASD-Chloracetatesterase-Reaktion und einer wechselnde 
Peroxydase-Reaktion machen diese Zellen phiinomenologisch und fermenthistochemisch 
leukocyten/ihnlich. Wir nennen sie leukocytoide Zellen. Es sind keine Leukocyten, sondern 
Zellen, die ihren Ursprung yon basMliegenden pluripotenten Epithelien der Cornea nehmen. 
Die sog. zentrMe Keratitis ist keine EntzOndung im Sinne Marchands, es handelt sieh vielmehr 
um einen regenerativen Vorgang. Die yon Busse-Grawitz vertretene These, daft "Leukocyten"  
in der Hornhaut aus kollagenen und elastisehen Fasern, aus sog. unterkokkengrogen Tdber- 
gangsformen stammen, kann nieht bestS~tigt werden. 

F o r  o v e r  a c e n t u r y  t h e  or ig in  of t h e  "inflammation c e l l s "  wh ich  ~re M r e a d y  

~ p p a r e n t  w i t h i n  a few hours  s u r r o u n d i n g  t h e  i n j u r y  s i te  has  b e e n  a m y s t e r y .  

T h e  suppo r t e r s  of t h e  i n f l a m m a t i o n  t h e o r y  of C o h n h e i m  (1867, 1869, 1874, 1914) 

be l i eve  th i s  to  be  w h i t e  b lood  cells  wh ich  w a n d e r  in to  t h e  a rea  e i t h e r  f r o m  
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episcleral  capi l lar ies  or t ea r  fluid. I n  s t rong con t ras t  to  the  cmigratiozl t heo ry  of 
Cohnheim is the  d o r m a n t  cell school of Grawi tz  (1893, 1896, 1899, 1913) and  his 
pupils .  I t  is based  upon  the i r  observa t ions  especia l ly  on the  cornea, an  ana tomi-  
cal ly  def inded avascu la r  region, t h a t  in f l ammat ion  cells, ma iu ly  leucocytes ,  do 
no t  or iginate  in t r avascu la r ly  bu t  r a the r  b y  me tamorphos i s  and  th rough  t rans i t iona l  
forms of collagen and  elast ic  f ibers in the  subs tan t i a  p ropr ia  of the  cornea. 

The recent  e rgography  b y  Busse-Grawi tz  (1973) " D i e  l~berwindung der  
Ze l lu la rpa tho log ie"  and  the  challenge b y  the  au thor  to  t es t  his resul ts  on the  
cornea were the  s t imulus  for the  following research : the  goal  is to  clar i fy the  origin 
and  morphogenesis  of these  so-called in f l ammat ion  cells. 

Materials and Methods 
Fifteen rabbits of the silver-grey race ranging an age from 8 to 24 weeks were anesthatized 

with nembutal, aquamycetin eye drops applied to both eyes and a lesion placed in the center 
of the cornea using a sharp, glowing needle and reaching the substantia propria (Table 1 
and Fig. 2). The wound was kept free of tears by elevation of the eye using 2 retractors. 
A square piece (5 X 5 mm) was removed from the left cornea with the wound in the center. 
The borders of the explantate were always 4 mm from the episcleral vessels. The tissue 
was placed in a culture medium (TC 199-F 10% fetal calf serum at 37 ~ C) for further obser- 
vation. 

Table 1. Schematic presentation of the experimental plan 
C O R N E A  (RABBtT) 

DATE AGE OF LEFT EYE]MEDIUM FIXATION FIXATION MEDIUM- STAINING EXPLANT NOTE 
ANIMALS LEFT EYE RIGHT EYE SEDIMENT STRIPPED 

ETHER-ALC. Ca. ALCOHOL METHANOL-FIX. 

ANIMAL EXPLANT TC ~9 6 DAYS ~ 1/2'DAY,, EEHLGEHOe'T'GS~KW" 

3//4 74 1 IMMEDIA" FKS CULT VATEO IMMEDIATELY 41 PEiiOSYHASE 
8 WEEKS TELY 5. ', NAPSTHDL- 

0. ~HLOHACETAI 

5 DAYS 3. DAY 
3A1 tA 2 ~" A. . 

8 WEEKS ~ULTIVATED 5. 

S DAYS 2.1 DAY 
3/25 T4 3 I h 2 ' / 2 . .  3. 

0 WEEKS CULTWATED 4. 

4 T DAYS 3, DAY SUDST, PROPRIA 3 WEEKS 
WITK6UT WITHOUT 3/29 74 10 WEEKS CULTIVATED 1 1/2 h 7. LESION CELLGROWTH 

4//1w 74 5 7 DAYS 2 h 3. HAY 
13 WEEKS CULTIVATED 7, 

4/29 7A 6 5 DAYS h 2. DAY SHSST, PHOPHIS S WEEKS WITH WITHOOT 
i5WEEKS CULTIVATED 0 5. LESIOH UELLGHOW'[B 

7 6 DAYS 4 h 3. DAY 
5//2 74 15WEEKS CULTIVATED 6. 

8 6 DAYS 8 h 3. DAY 
5//6 74 16 WEEKS CULTIVATED 6, 

5//10 74 9 5 DAYS 3. DAY 
17 WEEKS CULTIVATED 16 h 5, 

5/13 74 10 5 DAYS 3. DAY 
18 WEEKS CULTIVATED 24 h 6. 

11 5 DAYS 3. DAY 
5//15 74 19 WEEKS CULTIVATED 2 1/2 d 5. 

12 23 DAYS 5 d 2. 9AY SHHST, I'KOeSIH S WeeKS " WITH WITROOT 
6//5 ?4 21 WEEKS CULTIVATED 5. LESION CELLSROWTH 

13 5 DAYS 8 d 2. DAY 
6/~0 TA 22 WEEKS CULTIVATED 5. 

14 6 6AYS 9 d 3. DAY 
6/18 74 23 WEEKS CULTIVATED 6. 

15 5 DAYS 3. DAY 
6//20 74 23 WEEKS CULTIVATED 11 d 5. 
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FRONT BASEMENT- P ~ ~  / ~ -  ~--~__ 
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Fig. 1. Cornea after lesion 

At predetermined times, an equally large area was removed from the right eye fixed in 
ether alcohol and prepared for examination. The 6-8 ~z thick sections were stained with HE, 
Giemsa and according to the method recommended by Busse-Grawitz (1973). On every second 
and fifth day 4 smears each were prepared from one cell sediment. These were fixed in 
methanol, stained with May-Griinwald-Giemsa and Feulgen and exposed to peroxydase and 
naphthol-ASD-chloracetate ersterase reaction. 

After careful removal of the corneal epithelium and endothelium layers in rabbits number 4, 
6 and 12, the connective tissue and collagen-rich middle layer and substantia propria were 
cultivated for 3 weeks in the same manner. 

Results 
1. Cell Culture 

I m m e d i a t e l y  following the  excision of the  5 • 5 m m  e xp l a n t a t e  the  wound 
d e m o n s t r a t e d  a bizarre,  r i pped  cra ter  wi th  charred  t issue and  homogeneous  
subs tance  on the  floor. A double  cell wall  is seen sur rounding the  crater .  T h i r t y  
minu tes  af ter  i n ju ry  to  the  cornea large,  round,  chromat in -con ta in ing  cells wi th  
a l ight  cy top l a sma  r ing sur rounding  the  cra ter  edge, in the  cra ter  i tself  as well as 
fu r the r  d i s t an t  on the  e x p l a n t a t e  surface were present .  One-and-one-hal f  hours  
l a t e r  these  cells demons t r a t e  a s t rong pro l i fe ra t ion  and  af ter  18 hours  the  ent i re  
e x p l a n t a t e  surface is covered (Fig. 2). The same process is found on the  e xp l a n t a t e  
borders  (Fig. 3). The round  cells lie e i ther  s ingular ly  or a r ranged  in drop- l ike  
configurat ions.  Only  a few of the  cells se t t le  to  the  floor of the  cul ture  dish, 
mos t  prefer  to  d iv ide  while swimming in the  medium.  A few ind iv idua l  polygonal ,  
squamous  and  cyl indr ic  basal  ep i the l ia l  cells lie sca t t e red  th roughout .  Mitoses are  
p resen t  in large numbers .  Toge ther  wi th  the  large ceils wi th  segmented  cell nuclei  
are also numerous  smal ler  cells wi th  large,  round  nuclei  and  th in  cy top la sma  rings. 
These are found  exspecia l ly  in the  f irst  2 days.  



Fig. 2. High proliferation of large round cells on the explant surface 18 hrs aff~r extirpation. 
(Magn. 320) 

Fig. 3. Explant limit with proliferation of numerous round cells (Magn. 100) 
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Fig. 4. Collagenous fibres in the fundamental substance after 3 weeks of culture. No cell 
growth. Traces of the lesion at midst of the lower third of the figure (Magn. 200) 

In  the first 5 days the large cells numerically proliferate, the nuclei demonstrate 
stronger segmentation. There after these cells gradually reduce in number. 

The substantia propria which has been freed of the epithelial and endothelial 
cells presents a completely different picture. During the 3 weeks cultivation no new 
cells have been formed even though the wound reaches down into this layer (Fig. 4). 

2. Sediment 

Following slow centrifugation of the culture medium and at predetermined 
times cells were harvested and after staining with May-Grfinwald-Giemsa, 
demonstrate strongly basophilic cytoplasma with blue-violet to reddish colored 
nuclei. The nucleus appears often loosely structured and contains at least one 
nueleolus, seldom more. The cell nuclei are either round or variably segmented, 
rarely rod-shaped (Fig. 5). Both large and small round cells are found in the sedi- 
ment.  The Feulgen stain is positive in both cell forms. The peroxydase reaction 
according to Osgood and Washborn is only weakly positive. The method according 
to Avrameas is negative. 

The naphthol-ASD-chloracetatesterase reaction according to Leder is weakly 
positive in both cell forms. PolygonM squamous epithelium cells also demonstrate 
this phenomenon. 
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Fig. 5. Harvested cells of the culture medium after centrifugation and staining by May- 
Griinwald. Nuclei partly round, partly variably segmentated (Magn. 400) 

3. Histology 

The corneas selected for histological examination were left in the animals 
as before for periods of time ranging from 1/2 hour to 11 days (Fig. 6). At the edges 
of the wound the basal epithelial cells are loosened. Staggered sectioning shows 
that  this loosening re~ches its maximum in the fifth day. At distances greater 
than 1.5 mm from the wound edge, the epithelium formation is normal. The 
epitheliation of the wound is completed in the sixth day. 

Discussion 

The so-called inflammation cells observed in the tissue cultures and histological 
sections stem from modified, pluripotent epithelial cells lying in the basal regions. 
Originally cylindric in shape, they reform themselves quickly into either small 
or large round cells. From the wound edge they reach the corneal surface and even 
force themselves to a certain degree between the epithelial cells in the proximity 
of the wound edges, and some may individually reach the upper layers of the 
substantia propria (Fig. 7). These cells are primarily capable of division, their 
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Fig. 6. Epithelial plug growing from right to left over the corneal lesion on the 5th day after 
applied injury (HE Magn. 200) 

CORNEA 
(RABBIT) 

PLUBIPOTENT ~ ~  ; . ~  - ~  
BASAL'CELLS ~ - ~ . ~ ; ~ f  ~-- : ' ~  - 

LEUKOCYTOIO" CELLS 
Fig. 7. Schematic presentation of cell migration. At ]eft a cross-section at right ~ top plan 

view of the cornea] crater 

chromat in  regroups into irregular formed, more or less segmented nuclei similar 
to leucocytes. The characteristic nucleus form, the weakly positive naphthol-ASD- 
chloracetate-esterase reaction and the variable peroxydase reaction of these cells 
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resemble  qui te  closely leucocytes  in phenomenology  and fe rment -h i s tochemis t ry .  
W e  have  therefore  chosen the  descr ip t ion  leucocyto id  cells. They  do no t  or iginate  
in t ravascu la r ly ,  t h e y  are not  in f l ammat ion  cells bu t  modif ied  ep i the l ium wi th  
a sl ight  capab i l i ty  for phagoeytosis .  

The so-called centra l  kera t i t i s  is not  an in f l ammat ion  in the  sense of the  
def ini t ion b y  Marchand  (1921) which is i n t e rp re t ed  as the  sum answer of react ions  
in the  vascular -connect ive  t issue to  an  in f l ammat ion  st imulus.  I n  the  cornea 
there  is no defini te  vascular -connect ive  t issue and  therefore  there  can be no answer 
from this  sys tem to a n y  st imulus.  The process observed to t ake  place a round  the  
centra l  s t imulus  locus and  which never  exceeded a d iamete r  of 3 m m  dur ing the  
max ima l  observa t ion  t ime  of 11 days  is be t t e r  descr ibed as a regenera t ion  wi thou t  
in f l ammat ion  (GSeke, 1896; Neumann,  1918). 

The so-called leucocytes  seen by  Busse- Grawi tz  and  o ther  researchers  correspond 
to our leucocytoid  cells. 

The smal ler  t h a n  cell-sized or less t h a n  cocci-sized basophil ic  s t ruc tures  or 
t ras i t iona l  forms (A, B, C, D, E-forms)  of leucocytes  which supposed ly  or iginate  
from collagen or elast ic  fibers and  are descr ibed b y  the  former  were a t  no t ime  
presen t  dur ing  our exper iments .  Knowledge  of the  chemical  composi t ion  and  
t e r t i a r y  s t ruc ture  of the  basic substances  collagen and elast ic  fibers makes  i t  
improbab le  t h a t  t h e y  conta in  D N A  or R N A  in any  form. The fo rmat ion  of cell 
nuclei  or a "protoplasmatie" metamorphoses  of these s t ruc tures  cannot  be 
rea l i s t ica l ly  considered.  The classic s t a t emen t  of Virchow still  holds t rue  for the  
fo rmat ion  of an imal  or p l an t  cell s t ruc tures  "Omnis cellula e eellula e iusdem 
generis ". 

We express our gratitude to Mrs. D. Goger for her useful technical help. 
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