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Since Schmiedeberg [41 ], th e  firs t to  m ake use in  1886 of u re th an e  as a 
na rco tic , th e  tu m efac ien t effect and  th e  tu m o u r g row th  in h ib iting  ac tion  of 
th e  d ru g  have also becom e know n. T herapeu tica l re su lts  ob ta ined  w ith  i t  are 
d ifficu lt to  evaluate  ; n o r is th e re  any consisten t v iew  on th e  m ode and  course 
o f i ts  ac tion .

F rom  am ong tu m o u r  g row th  inh ib iting  ag en ts , podophylline, colchicine 
and  n itrogen  m u sta rd  h a d  b een  stud ied  a t th is  in s t i tu te  w ith  respect to  m orpho
logical changes in d u c te d  b y  th em . The p resen t s tu d y  purposes to  ascerta in  
th e  respective sim ilarities an d  dissim ilarities o f th e ir  effects and  th e  action  
u re th an e .

M oellendorf [31 ], H addoiv and  Sexton [10], a n d  Heilmeyer [12] consider 
u re th a n e  a m ito tic  po ison . D ustin  [7] listed  i t  w ith  karyoclastic  substances. 
I ts  a n tim ito tic  effect w as d em o n stra ted  b y  W arburg  [50] in  eggs o f th e  sea- 
u rch in . Guyer and  Claus [9 ]  found  th a t  m itosis in  th e  cornea of the r a t  is alm ost 
com pletely  inh ib ited  b y  u re th a n e , which, accord ing  to  Moeschlin  [3 3 ] inh ib its  
all m ito tic  phases. K iis  e r [ 23] drew  a tte n tio n  to  th e  absence o f d isp irem a. 
A ccording to  Haddoiv a n d  Sexton  [1 0 ], an d  M oeschlin [33] e t al., u re th an e  
in h ib its  enzym atic  processes. Todd , Plentl an d  Schönheim er [46] ascribe th e  
in h ib itio n  of m itosis to  a d istu rbance  of nucleo p ro te in  synthesis. Beickert [3 ] 
suggests, in stead  of th e  selective cy tosta tic  effec t, th a t  ce rta in  cell-types are 
hypersensitive  to  u re th a n e . M asshof\ H einzell, von Rotn  an d  Siess [29] c red it 
th e  d ru g  w ith  an  in h ib ito ry  ac tion  on all form s o f  cellu lar ac tiv ity , an d  p a r t i 
cu la rly  on p ro life ra tin g  cells. Lasnitzki [25 ] in te rp re ts  the  s tim u la tio n  of 
tu m o u r grow th in  tu m o u r  cu ltu res as an  increase in  surface ac tiv ity .

M ost au th o ritie s  consider u rethane a poison . A ccording to  Landschütz 
an d  M üller  [24], th e  su b stan ce  reacts w ith  th e  co n s titu e n ts  of th e  cy top lasm . 
Kirschbaum  and Bell [19] consider i t  a cap illa ry  poison. M u rp h y  and 
S turm  [35 ] hold th a t  u re th a n e  induces the  ad ren a l g land  to  secrete a lym pho- 
cy to litic  fac to r, D ury  a n d  Robin  [6] found on u re th a n e  tre a tm e n t an  iden tica l 
fall of th e  leucocyte co u n t in  adrenalectom ized a n d  no rm al an im als and , accord
ing ly , argue against th e  view  th a t  u re th an e  w ould  e x e rt its  action  th ro u g h

1 A cta  M orphologica V /3—4 .
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th e  a d re n a l gland. U re th a n e  w as found  b y  A ndreyev  [1] to  cause in ju ry  to  th e  
c e n tra l  nervous system , b y  Leibetseder an d  Kiverek [27 ] to  in fluence  sym pa
th e t ic  o r  p a rasy m p a th e tic  reac tio n s , and  b y  K lim a  and  W engraf [22 ] to  dam age 
th e  « leucocytic cen tre» . Paterson, Haddow, Thom as and  W atkinson  [37 ] were 
th e  f i r s t  to  adm inister u re th a n e  to  a p a tie n t w ith  chronic m yelosis. T he resu lt 
o b se rv e d  b y  Paterson [38 ] in  lym phoid  leukaem ia  was fa r  less favourab le . 
S a n d kü h ler  and Wagner [40 ] observed n o t on ly  th e  destru c tio n  o f « leukaem ic» 
cells b u t  also dam age to  n o rm a l ones. Vlados, Y ourovskaya, Sham sh ina  and 
S ved sky  [47] consider u re th a n e  as an  in h ib ito r  of patho log ical leucopoiesis 
w h ic h  a t  th e  same tim e  s tim u la te s  th e  m a tu ra tio n  of g ranu locy tes an d  th e  
re g e n e ra tio n  of e ry th ro cy te s .

S tu d y in g  d ifferen tia l b lood  counts in  m ice, ra ts , rab b its , ca ts  a n d  guinea- 
p ig s , M oeschlin  and N a e f  [34 ] found  ra ts  th e  leas t sensitive of a ll th e  anim als 
te s te d . T hey  recognized th e  d u a l effect o f u re th an e , its  para ly z in g  ac tio n  and 
i ts  c a p a c ity  to  increase cell p ro life ra tion . In  leukaem ia, in  th e  f irs t d ay s  u re th an e  
p ro v o k e s  excitation  in  th e  leukaem ic  cells before exerting  its  in h ib ito ry  action . 
T h e  sam e  phenom enon w as observed  b y  T ischendorf and  Fritze  [45 ] in  norm al 
su b je c ts . In  experim en ta l leu k aem ia , u re th an e  contro ls pa tho log ica l leukaem ic 
cells w ith o u t restoring  th e  b lood  coun t to  no rm al ( M oeschlin , [32]). A ccording 
to  T ischendorf and Fritze  [45], p ro tra c te d  u re th an e  tre a tm e n t h a s  th e  effect 
o f  re n d e rin g  the hone m a rro w  im m atu re  an d  involves a fa ll in  th e  e ry th ro c y te  
c o u n t, a  rise in th e  n u m b e r o f  re ticu locy tes an d  granulocytes an d  a  concu rren t 
d im in u tio n  in the  ly m p h o cy te  coun t. A com parab le  change w as observed  b y  
H a w k in s  and M urphy  [11] in  th e  ra t ,  m o stly  3 hours a fte r t re a tm e n t. K irsch
baum  a n d  L u  [20 ] re p o rte d  a decrease in  th e  n u m b er o f m itoses in  m yeloid 
e le m e n ts , Berman  an d  A xelro d  [4] a fall in  th e  leucocyte co u n t in  m ice. Voit 
a n d  Hodeige [48] found  in  th e  r a t  th a t  large doses of u re th an e  induce  toxic 
g ra n u la tio n  in the  leucocy tes and  an  increase in  th e  n u m b er of y o u n g  form s.

M ethods

A 10 per cent aqueous solution of urethane was administered by the in traperitoneal route 
to  a to ta l of 105 rats, m ostly w h ite  males, weighing 120 to 180 g each. The resulting organic 
changes were examined in  34 anim als, in two series. To studv  the acute action, 14 of th e  rats 
w ere each  given one 100 mg dose per 100 g of body weight. The animals were killed 1, 2, 6, 12, 
24, 48 and 72 hours after adir in istra tion  of the drug. For studying the chronic action, the for
m er dose, found excessive in the acute phase of the experiment, was reduced to  70 mg for each 
100 g o f body weight, and th is w as administered to 20 ra ts  twice a week through a period of 10 
weeks. Two animals were killed each week, the last pair a t the end of the ten th  week, 24 hours 
a fte r th e  last injection. As a control, anim als from the same strain were used.

F o r microscopical exam ination , the spleen, thym us, lvm ph nodes, liver, kidneys, lungs, 
in testines and testicles were w orked up. F ixation was made in  4 per cent form aldehyde, Susa’s 
and C arnoy’s solutions. For staining the sections, haematoxylin-eosin, occasionally H eidenhain’s 
iron  haem atoxylin, van Gieson’s and  Mallory’s dyes, W eigert’s fibrin dye, m ethyl-green pyro- 
n ine and  Feulgen’s stain were used.

The action of urethane on blood count and bone marrow count was studied in 71 ani
m als, th e  effect of one dose having been observed in 35 animals, in 5 series, 1, 2, 6, 12, 24, 48 
and  72 hours after the injection of 100 mg per 100 g of body weight. 20 ra ts  were adm inistered
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70 mg per 100 g w eight twice a week. Two animals w ere killed every week, each pair 24 hours 
after the last injection. The wide variations in the ra t’s blood count called for the use o f  a large 
number of controls. Blood was obtained from the caudal vein, bone marrow from th e  fem ur.

I t  had to  be settled whether in protracted trea tm en t, the response was the same to  each 
adm inistration of urethane. Therefore 8 ra ts  each were exam ined 1, 2, 6, 12 and 48 hours after 
the last injection of the chronic course.

No pathological change in  the organs was present on gross examination.

H istological changes

As e a rly  as a fte r  an  hour, th e  sinuses o f th e  ly m p h  nodes are seen to  b e  
d istended  an d  to  co n ta in  ep ithe lia l cells, ly m p h o cy tes , plasm ocytes a n d  a few 
eosinophils. T he m edulla  is oedem atous, th e  re tic u la r  cells are swollen ; som e
w h a t la te r , th e  germ inative  cen tres are also dam ag ed , along w ith  sy m p to m s 
of sinus c a ta rrh . A fte r 6, 12, or 24 hours th e  germ inative  centres a re  la rg e , 
th e  d iv id ing  nucle i d isin teg ra te  in to  Feulgen  p o sitiv e  globules and  c h ro m a tin  
granules some of w hich are bare , while possess a th in  cytoplasm  b o rd er. T h ere  
occur eosinophilic  cy toplasm  spheres free o f n u c lea r substance (F ig . 1). T he 
d e tritu s  fills th e  ly m p h  sinuses. The n u m b er o f d iv id ing cells increases, an d  
am ong th e m  th e re  are some w hich a lready  show  pyknom itosis. The cell d e s tru c 
tion  ten d s to  narro w  dow n th e  cortical sub stan ce . Some of th e  ly m p h o cy tes  
are sh ru n k en . M ost o f th e  d e tr itu s  is ex c re ted  w ith in  48 hours.

In  an im als u n d er chronic tre a tm e n t i t  is again  th e  germ inative cen tres 
th a t  re a c t w ith  g rad u a l slight re ticu la r h y p erp las ia , ra re ly  w ith  fib ro sis . T he 
changes co rrespond  to  those seen a fte r  re p e a te d  acu te  in jury .

The th y m u s  displays essen tia lly  sim ilar changes which, how ever, are 
sligh ter th a n  those  in  the  lym ph  nodes. A fte r 6 hou rs  the  num ber o f  d iv id in g  
cells dim inishes while d isin teg ra tion  becom es qu ite  m arked. P la sm o cy te s  
occur in  u n u su a lly  large num bers. A fter 48 h ours re s titu tio n  is nearly  com ple te .

The spleen sinuses d ila te  in  th e  f irs t 2 hours ; th e ir  endothelium  is sw ollen, 
the  cells ro u n d  o ff an d  come loose ; p y k n o tic  n u c lea r substance, ly m p h o cy tes  
and  leucocytes are p resen t in  th e  sinuses. The changes rem ain  p ronounced  fo r 6 
to  24 hours. T he reaction  in  th e  germ inative  cen tre  is as in  the  ly m p h  nodes.

A fte r 24 hours, th e  changes lose in  sev e rity  ; cell d isin teg ra tion  in  th e  
follicles becom es less m arked , th e  germ in a tiv e  cen tres resum e th e ir  reg u la r  
s tru c tu re , th e re  are  less nuclear rem n an ts  in  th e  pu lp . R eticu lar g ia n t cells 
occur sporad ically .

P ro longed  tre a tm e n t induces an  increase in  th e  num ber of re tic u la r  g ian t 
cells, th e  follicles shrink. In  certa in  cases th e re  is incipient fib rosis in  th e  
trabecu les an d  th e  sinus walls.

In  th e  duodenum  th e  covering ep ithe lia l cells o f th e  m ucous m e m b ra n e  
becom e swollen in  th e  f irs t 2 hours. There is copious secretion ; th e  d eg en e ra ted  
cells are forced in to  the  lum en. The villose s tro m a  is oedem atous and  in f i l t ra te d

1*
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Fig. 1. Lym ph node, dissociated cells in germinative centres. Disintegration of dam aged cells, 
fo rm ation  of chrom atin granules and cytoplasm globules. (Acute, 12 hours, H . E . x  1600) 

Fig. 2. Duodenum. Increased cell division, pyknom itosis in Lieberkiihn’s crypts. 
(Acute, 12 hours, H . E . x  820)

F ig . 3. Duodenum. N uclear fragm ents, cytoplasm globules in Lieberkiihn’s crypts and in the 
interstices. (Acute, 12 hours, H . E . x  820)

Fig. 4. Testicle. G iant cells in testicular channels. (Acute, 6 hours, H. E . x  290)
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w ith  leucocytes. 6 hours la te r  som e increase occurs in  th e  num ber o f cells in  
L ieberk iihn ’s c ry p ts , followed b y  d isin teg ra tio n  o f dam aged  cells.

T he change reaches its  severest stage a fte r  12 hours, w ith  th e  covering  
ep ith e lia l cells swollen and  th e ir  connections d isru p ted , the  nuclear c h ro m a tin  
is fin e ly  g ran u la r, the  cy toplasm  lig h t, vacuo la ted . The cytoplasm  of th e  P a n e th  
cells becom e coarse. M onasters p rep o n d era te  am ong dividing cells w h ich  show  
all th e  stages o f m itosis. P yknom itosis  is freq u en t (Fig. 2). D isin teg ra tio n  
of in ju red  cells resu lts in  th e  fo rm atio n  o f ch ro m atin  globules su rro u n d ed  w ith  
acidophilic cy top lasm a, F eulgen-positive n uc lear rem n an ts  of v a ry in g  shapes 
an d  basophilic  globules (Fig. 3). D estroyed  cells are  also found in  th e  ly m p h a tic  
spaces o f th e  in te rs titia l connective tissue. Large m ononuclear cells p h ag o cy te  
th e  d e tr itu s . T here is m arked  s iderophagy  as well. In  72 hours th e  process has 
ru n  its  course.

A fte r p ro tra c te d  tre a tm e n t th e  h isto log ical changes correspond to  those  
found 24 h ours a fte r a single in jec tion .

S im ilar, th o u g h  considerab ly  sligh te r in  degree, are the  changes in  o th e r  
po rtio n s of th e  sm all in te stin e . T he stom ach  show s no change of an y  acco u n t.

The dam age to  th e  testic les is dem onstrab le  a little  la te r, a f te r  th e  lapse 
o f 6 hours. Sperm iogenesis is genera lly  m ain ta in ed . In  a few tes ticu la r ch an n e ls  
th e  layers o f germ inative ep ith e liu m  becom e in d is tin c t, a loosening o f in te rn a l 
cell layers, d e tach m en t and  p ropu lsion  in to  th e  lum en of m ost p re sp e rm a tid s  
occurs, w ith  consequent v acuo liza tion  in  th e  cells th a t  have becom e free. C hro
m a tin  dissolves in th e  nuclei, g iv ing place to  oval, crescent-shaped  a n d  k id n e y 
sh ap ed  fo rm ations (Fig. 4). T he vacuolized nuclei, disposed in  th e  fo rm  o f a 
w rea th  on th e  perip h ery  of th e  cells, are m ore or less rem inescent o f L a n g h a n s  
ty p e  g ian t cells (Fig. 5). R e tu rn  to  norm al sets in  a fte r 48 hours.

In  chronic tre a tm e n t th e  changes are often  analogous, th o u g h  on  a m ore 
ex tensive  scale.

C onditions in  th e  liver are h igh ly  v ariab le  and , accordingly, d iff ic u lt to  
ev a lu a te . T here  is a low degree o f stasis in  th e  f irs t hours, follow ed b y  slight 
cellu lar in f iltra tio n  2 hours la te r . A fte r 6 hours a g rea t n u m b er o f  K upffe r 
cells sh rink  an d  are found  d e tach ed , or p h agocy ted  by  in ta c t K u p ffe r  cells. 
T he cy top lasm  of the  h ep a tic  cells tu rn s  g ran u la r, coarse an d  v a c u o la ted  
(F ig . 6). E lsew here th ere  is conspicuous v a ria tio n  in  th e  size o f cells. The 
changes o u tla s t even 72 hours.

D ifferences in  nuclear size persist th ro u g h o u t chronic tre a tm e n t.
The k idneys d isp lay  h a rd ly  an y  change. As in  th e  liver, th e re  is no  d is

in teg ra tio n . The glom eruli are generally  hyperaem ic  ; en d o the lia l cells are 
sw ollen. T he basal m em brane is oedem atous in  som e of th e  g lom eruli. In  th e  
p rim ary  convo lu ted  tu b u les  th e  ep ithelium  is oedem atous, in  the co llecting  
channels th e  ep ithe lia l cells co n ta in  vacuoles. The difference in  n u c le a r  size 
pers is ts  th ro u g h o u t chronic tre a tm e n t.
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Fig. 5. Testicle. Cells rem iniscent o f Langhans type g ian t cells. (Acute, 24 hours, H. E . x  1600) 
Fig. 6. Liver. G ranular cytoplasm  is droplets. Conspicuous variation in nuclear size. 

(A cute, 48 hours, H. E . x  940)
Fig. 7. Lung. D esquam ated cells of signet-ring shape in the bronchi.

(A cute, 72 hours, H. E . x  310)
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I n  th e  lungs th e re  are also few changes. A fte r 2 hours, leucocy tes, tissue 
eosinophils an d  m acrophage cells rep le te  w ith  haem osiderin  a p p e a r  in  the  
sep ta . T he b ronch ia l ep ith e liu m  is loose an d  th e re  is increased secre tio n . W ith  
th e ir  nucleus forced aside, th e  cells assum e th e  shape of a signet-ring  (F ig . 7). 
E lsew here  th e  b ronch ia l ep ith e liu m  shrinks. Some bronchi are d ila te d . The 
ly m p h a tic  follicles show  th e  sam e b eh av io u r as lym ph  nodes. The changes are 
s till p re se n t a fte r 72 hours.

T he degree of secre tion  from  th e  b ronch ia l ep ithe lium  is con sid erab ly  
low er in  chronic tre a tm e n t. In  th e  h e a r t m uscle th ere  is no change a p a r t  from  
sligh t differences in n uc lear size.

TABLE I.

Mean WBC values in 5 acute series. Above the tuble, percentual dim inution. 
D otted line, values before treatm ent

TABLE II
A cute series 1.
Leucocyte count before tre a t

m ent ...........................................  12000 14800 18200 20200 19600 12000 20200
H ours after injection.................  1 2 6 12 24 48 72
Leucocyte count after treatm ent 9600 9600 15200 16600 14400 10400 21400

D im inution °/0 ..............................  20,0 35,1 17,5 17,8 26,5 13,3 —

V ariations in  differential count in acute series No. 1.

A cute series 1.
TABLE II I

L ym phocyte per polynuclear 
before trea tm en t......................

H ours after injection.................
Lym phocyte per polynuclear af

te r t r e a tm e n t ..........................

75 75 75 76 86 77 78
24 23 21 18 14 20 19

1 2 6 12 24 48 72

55 63 72 61 69 71 77
4L 36 27 36 28 '27 21

V ariations in differential count in acute series No. 1. : Percentage d istribu tion  o f lympho
cytes and polynuclear leucocytes.
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TABLE IV
A cute  series 1.

L ym phocyte  per polynuclear b e 
fore  trea tm en t.......................... 9000 11110 13640 15352 16856 9240 15756

2880 3404 3822 3636 2744 2400 3838
H ours after injection.................. 1 2 6 12 24 48 72

L ym phocyte  per nuclear after 
tre a tm e n t ................................ 5280

3936
6048
3456

10944
'4104

10126
5152

9936
4032

7384
2808

16478
■4494т

D ecrease in lymphocyte count in  
p e r  cent .................................... 41,3 45,5 19,7 34,4 41,0 20,0 —

Same as Table I I I  in  absolute values.

U n d er chronic t r e a tm e n t ,  th e  change ap p e a rin g  in  th e  organs of anim als 
k ille d  1, 6, 12 and 48 h o u rs  a f te r  the  last in je c tio n  coincide w ith  those found  
a t  th e  same in tervals fo llow ing  one in jection .

T h e  effect of u re th a n e  on  blood count an d  b o n e  m arrow  was stu d ied  in 
a  s e p a ra te  series. In  5 a c u te  series, the  average W B C  decreased  by  17,1 to  31,1 
p e r  c e n t upon u re thane  t r e a tm e n t  (Tables 1 an d  2). T he change sets in  1 h o u r 
a f te r  tre a tm e n t and  c o n tin u es  fo r 48 hours, to  r e tu rn  to  norm al a fte r  72 hours. 
W e a lso  m ade a s tu d y  o f  th e  d ifferen tial coun t (T ab le  3) 19,7 to  45,5 p er cen t 
a b so lu te  lym phopenia a n d  re la tiv e  leucocytosis w ere observable w ith in  th e  
re d u c e d  W BC (Table 4). A c u te  trea tm en t was fo u n d  to  b ring  abou t no change 
in  th e  e ry th rocy te  co u n t.

I n  th e  course of ch ro n ic  tre a tm e n t there  is no  fa ll in  W BC excep t in  cer
ta in  cases. The change seem s tra n s ie n t ; here ag a in  th e  dam age corresponds to  
r e p e a te d  acute changes. I f  a f te r  th e  last in jection  o f  p ro longed  tre a tm e n t b lood  
c o u n ts  are m ade a t th e  sam e  in tervals as a f te r  , th e  single dose c o n s titu tin g  
a c u te  tre a tm e n t, v a ria tio n s in  th e  WBC will be th e  sam e as a fte r  a single dose. 
S u sp en sio n  of tre a tm e n t r e s u lts  in  re tu rn  to  n o rm a l.

W e could trace no ap p rec iab le  change in  th e  b o n e  m arrow . In  a few cases 
o f  a c u te  trea tm en t th e re  w as a rise in  the n u m b e r o f e ry th ro b la s ts  and  a fa ll 
in  t h a t  o f  polynuclear leu co cy te s . No change w as observed  in  the  n u m b er o f  
d iv id in g  cells. Increase in  th e  n u m b e r of re ticu locy tes w as ra re  in  chronic t r e a t 
m e n t.

Discussion

A  single dose of u re th a n e  causes p ronounced  changes in  the lym pho id  
o rg an s  a f te r  one hour a lre a d y . T he lym ph nodes e x h ib it  sinus c a ta rrh  in  th e  
f i r s t  2 h o u rs. In  the g e rm in a tiv e  centres there  is som e sligh t increase in  th e
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n u m b er of dividing cells, soon follow ed b y  d isin teg ra tio n  in to  c h ro m a tin  fra g 
m en ts  an d  globules of cy to p lasm . The change is m ost m arked  betw een  6 a n d  24 
hou rs  ; th e re a fte r  the  d e tr itu s  is ex cre ted  an d  th e  lym ph  node reg en e ra te s . 
C o n tra ry  to  Berman & A xelrod  [4] we have observed  a slight increase  in s tead  
o f a fa ll in  th e  num ber o f m itoses in  th e  germ ina tive  centres. T h e ir o b se rv a 
tio n  o f pyknosis of lym phocy tes coincides w ith  ou r findings.

The process in th e  th y m u s is along th e  sam e lines, expect fo r a d im in u tio n  
in th e  n u m b er of d iv id ing  cells a f te r  th e  lapse o f  6 hours.

T he spleen exh ib its  com parab le  changes. O ur investiga tions b e a r  ou t 
Voit an d  Hodeige's [49] an d  L ennert’s [28 ] descrip tion  of a c o n tra c tio n  o f th e  
follicles. Sinclair  [43] em phasizes th e  increase in  th e  num ber o f g ia n t  cells.

D uodenal changes w ere very  strik ing . A ccording to  Green a n d Luchbaugh  [8 ], 
th e  to le ra te d  dose of u re th a n e  does n o t in te rfe re  w ith  m itosis, th is  b e in g  in 
h ib ited  only  by  a n e x t- to -le th a l dose. K lein  [21 ] found  d is tu rbance  o f  m itosis 
in mice un d er the  in fluence o f m inor doses (50 m g/l()0  g). As a re su lt o f  m ed ium  
doses (1500 mg/100 g) he rep o rted  sporadic pyknom itoses, w hich grow  alldom i- 
n a tin g  on ad m in is tra tio n  of large doses (500 m g/100 g). W e found  th e  ac tion  
to  reach  a m arked  degree a fte r  6 hours, and  to  a t ta in  its  peak in  12 h o u rs ’ tim e , 
invo lv ing  an  increase in  th e  n u m b er of d iv id ing  cells in  th e  c ry p ts . P ykno- 
m itosis, how ever, was found  to  accoun t for only a sm all frac tion  o f th e  m itose. 
T he dam aged  cells d is in teg ra te  an d  are  converted , in L ieb e rk ü h n ’s c ry p ts , 
in to  n u c lea r fragm ents an d  p lasm  globules, w hich m ake th e ir  w ay  even  in to  
th e  in te rs titia l connective tissue .

C ellular d isin teg ra tio n  is a t  its  h ighest betw een  6 and  24 h o u rs  ; in  72 
h ours th e  process is over.

T he dam age to  th e  testic les becom es ev id en t a t the  sam e in te rv a ls . In  
som e o f th e  channels th e  ep ithe lium  becom es loose and  is cast off. T h e  d esq u a
m ated  cells are v acuo la ted  and  soure tran sfo rm  in to  g ian t cells. T h e  process 
ru n s  its  course in  48 hours.

In  th e  liver, th e  f irs t  2 hours m ake th e  K upffer cells s lig h tly  to  sh rin k . 
A fte r 6 hours, the cy top lasm  o f h ep a tic  cells becom es g ran u la r an d  v a c u o la te d . 
T he vacuo la r degeneration  h as  a lread y  been described  by  B erm an  a n d  A xelrod  
[4 ]. Voit and  Hodeige [49] found  inc ip ien t necrosis, Sinclair  [43] g ia n t cells, 

K le in  [21], in the  liv er o f m ice, granvdar hyd rop ic  swelling an d  pykn o sis  on 
ad m in is tra tio n  of a 150 m g/dose an d  hydrop ic  vacuolate sw elling on in jec tion  
o f a 50 m g/dose of u re th a n e . In  our experience, th e  action  in  th e  liv e r  is p ro 
tra c te d , and  we also observed  v a ria tio n s in  th e  nuclear size.

D unn & Larsen  [5 ] observed  hyaline degenera tion  in th e  ren a l g lom eruli 
o f m ice. Kirschbaum  an d  B ell [19] described th icken ing  o f th e  c a p illa ry  m em 
b ran e  o f the  glom erules, re su lting  in a p ic tu re  resem bling lipo id  nephrosis. 
Juhász, Baló and K endrey  [17 ] found  g lom eru lar in ju ry  in  th e  k id n ey s  o f  mice. 
O ur own observations revealed  ra re ly  changes in  the k idneys. (O edem atous
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in f il tra tio n  of th e  g lo m e ru la r  basal m em b ran e , v a ria tio n s  in  th e  size o f ep i
th e l ia l  cells.) N ettleship  & H enshaw  [36], H enshaiv & M eyer [13, 14], Sinclair  
[4 3 ] , Baló, Juhász & V arga  [2] induced p u lm o n a ry  adenom a in mice. J a ffé  [16] 

o b se rv e d  also in  a d d itio n  to  pu lm onary  adenom a liv e r  tu m o u r in  ra ts . R osin  [39 ] 
d e sc rib ed  perivascular o ed em a  and in c ip ien t p ro life ra tio n  of th e  b ronch ia l 
e p ith e liu m  48 and  72 h o u rs  a fte r  injection  a n d  considered  the  e x tra v a sa te  to  
p ro m o te  proliferation . W e h a v e  found no su b s ta n tia l  changes a p a r t  from  ep i
th e l ia l  desquam ation a n d  th e  reaction of ly m p h  follicles ; no tu m o u r h a d  been 
fo rm e d  in the course o f  a  10-w eek course o f  tr e a tm e n t ,  no r was th ere  an y  sign 
o f  changes of a p re a d e n o m a to u s  character. I t  m u s t be assum ed th a t  our ra t  
s t r a in  does no t easily  d e v e lo p  adenom a.

Tischendorf an d  F ritze  [45] could d iscern  no  change w h a tev er in  the  
v isc e ra l organs.

W e found u re th a n e  to  decrease the  leu co cy te  co u n t over a period  o f 48 
h o u rs . W ith  the lapse o f  72 hours the coun t re tu rn s  to  norm al. A ccording to  
Schoen  [42 ] u re thane  w o u ld  a c t on leukaem ic cells only . O ur ow n findings 
sh o w  th a t  on the  e ffec t o f  u re th a n e  the leu co cy te  coun t seem ingly increases, 
w h ile  lym phocytes d ec rease  in  num ber, in d ica tin g  th a t  th e  drug  has dam aged  
e v e n  th e  unaffected ly m p h o cy te s .

O n chronic a d m in is tra tio n  of colchicine we h a d  observed tox ic  panm yelo 
p h th is is  to  develop (M a tk ó — Haraszti [30]), a change w hich d id  n o t occur 
on  prolonged u re th an e  tre a tm e n t .

A s sta ted , changes a r is in g  during chronic t r e a tm e n t  correspond to  rep ea ted  
a c u te  reactions. This h y p o th e s is  is su b s ta n tia te d  b y  th e  re tu rn  to  no rm al of 
th e  b lood  counts upon  d isco n tin u a tio n  of t r e a tm e n t  an d  b y  the  fac t th a t  the  
c h a n g e s  found in  th e  b lo o d  o f  ra ts  killed a t  v a rio u s  in te rva ls  a fte r th e  la s t 
in je c t io n  are iden tica l w ith  those  observed a t  th e  corresponding in te rv a ls  of 
a c u te  trea tm en t.

T h e  bone m arrow  sh o w ed  no appreciable d am ag e . Single ad m in is tra tio n  
r e s u l te d  in  an increase in  th e  num ber of n u c lea te  e ry th ro cy tes  an d  a fa ll in 
se g m e n te d  neutrophils. T h e  n u m b e r of d iv id ing  fo rm s d id  n o t change. W hereas 
c h ro n ic  colchicine t r e a tm e n t  h a d  been found b y  us ( M atkó  and H araszti [30]) 
to  g iv e  rise to  fibrosis in  th e  bone m arrow , a p a r t  from  a few cases n o t even 
r e t ic u la r  increase was o b se rv e d  to  develop on th e  e ffec t o f u re thane .

A  com parison o f  u re th an e -in d u ced  changes w ith  those b ro u g h t abou t 
b y  colchicine, podophy lline , a n d  nitrogen m u s ta rd  show s u re thane  to  b ring  
a b o u t  sim ilar, h u t co n s id e ra b ly  slighter dam age. T h e  tim e  fac to r in  th e  process 
is likew ise  analogous. C olch icine exceeds u re th an e  in  its  increasing cell division, 
p y k n o s is  and  cell d is in te g ra tio n  in  the  duodenum . D isin teg ra tio n  in  th e  lym phoid  
t is s u e s  an d  the testic les is  e q u a lly  more m a rk e d  on  th e  action  of colchicine 
( K e l ln e r — M atkó [18]), p o d o p h y llin e  (H olczinger— K ellner  [15]), an d  n itrogen  
m u s ta r d  (Sugár— K ellner  [4 4 ]) alike.
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Lehm an  and  Hadron  [26] classify  an tim ito tic  agen ts in to  an  in h ib ito ry  
a n d  a destru c tiv e  group. The fo rm er ac ts  on th e  cy top lasm , th e  la t te r  d ire c tly  
on th e  nucleus. O n ad m in is tra tio n  o f u re th an e  there  was nuclear dam age in  th e  
duodenum , th e  lym phoid organs an d  the  testicles. In  th e  liver, the  cy to p la sm  
suffered  th e  m ost conspicuously. T h is fac t, how ever, s till does n o t suffice  to  
su b s ta n tia te  Landschütz’ in te rp re ta tio n  of u re th an e  as a cy top lasm atic  po ison .

Increase  in th e  num ber o f d iv id ing  cells occurs in  th e  very  organs t h a t  
show  th e  h ighest ra te  of cell d isin teg ra tio n . W hile colchicine inh ib its cell d iv ision  
in  th e  m etaphase , u re thane  leaves room  for all th e  m ito tic  stages. W e acco rd 
ingly disagree w ith  Küster [23] w ho claim ed th a t  m itosis is in h ib ite d  b y  
u re th a n e  adm in istra tion .

The v ary ing  nuclear size in  th e  liver and  th e  k idneys, th e  sw elling of 
re ticu locy tes and  the  pyknosis o f lym phocytes show  th a t  u re th an e  a ffec ts  
n o t on ly  d iv id ing  cells b u t re s tin g  ones as well. T he changes concerned  are , 
how ever, n o t w idespread enough  to  ju s tify  th e  claim  of M assh o ff e t  al. [29] 
th a t  u re th an e  inh ib its all form s o f cellular ac tiv ity .

I t  m ay  fu rth e r be asked how  th e  qu ick  ra te  of re s titu tio n  is to  be e x p la in ed . 
T he reason  canno t possibly lie in  m itosis th ere  being  no increase in  th e  n u m b e  r 
o f d iv id ing  cells in  the  re s titu tio n  phase. I t  m u st therefo re  be assum ed  th a t  
am itosis is g rea tly  concerned in  re s titu tio n .

The changes b rough t a b o u t b y  u re th an e  can n o t be regarded  as sp ec ific  ; 
th e y  occur also in  o ther ty p es o f poisoning. R ep ea ted  tre a tm e n t leads to  th e  
recurrence  of the  in ju ries su s ta in ed  on single ad m in is tra tio n . D isc o n tin u a tio n  
o f p ro tra c te d  tre a tm e n t resu lts  in  re tu rn  to  a lm ost n o rm al of th e  m o rp h o 
logical p ic tu re .

Summary

(i) The action of urethane on the organs, blood and bone marrow of ra ts  has been 
examined.

(ii) The gravest damage is suffered by the lym phoid organs, the duodenum  and the 
testicles.

(iii) The action in the lym phoid organs and the duodenum  is a t its peak for 6 to  24 
hours, and is prolonged in the liver and kidneys.

(iv) Changes induced by chronic treatm ent correspond to recurrent acute in jury .
(v) The changes caused are considerably less severe than  on the effect of colchicine, 

podophylline or nitrogen m ustard intoxication.
(vi) The white blood cell count keeps declining over a period of 48 hours and re tu rn s to 

norm al after 72 hours.
(vii) In  the differential count there develop absolute lymphopenia and re lative leu- 

cocytosis.
(viii) Chronic treatm ent results in  no aplastic destruction in the bone m arrow  as does 

adm inistration of colchicine.
(ix) Urethane exerts its action on both resting and dividing cells.
(x) Our results do not suffice to throw  light on all aspects of the mode of action  of 

urethane.
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ДЕЙСТВИЕ ОСТРОЙ И ХРОНИЧЕСКОЙ ОБРАБОТКИ УРЕТАНОМ 
НА ОРГАНЫ КРЫС

А. Х А Р А С Т И  и Б .  К Е Л Л Ь Н Е Р

1. Авторы исследовали в опытах над крысами действие уретана на органы, кар
тину крови и костный мозг этих животных.

2. Больше всего повреждаются лимфоидные органы, двенадцатиперстная кишка 
и семенник.

3. Максимум действия продолжается в лимфоидных органах и в двенадцати
перстной кишке от 6 24 часов, в печени и в почке действие более длительное.

4. При хронической обработки наблюденные изменения соответствуют повторным 
острым повреждениям.

5. Изменения проявляются гораздо слабее, чем в случае отравления колхицином, 
подофиллином или горчичным азотом.

6. В картине крови число лейкоцитов уменьшается в течение 48 часов, по истече
нию 72 часов оно становится нормальным.

7. В картине крови возникает абсолютная лимфопения с относительном лей
коцитозом.

8. В костном мозгу не проявлялось в течение хронической обработки апласти
ческого разрушения мозга, как это имеет место под действием колхицина.

9. Уретан оказывает действие не только на делящиеся клетки, но и на покоющие 
клетки.

10. Проведенные исследования авторов не выясняют в достаточной мере механизм 
действия уретана.

A n ta l H araszti, D ebrecen , 12. K ó rb o n c tan , H ungary  
P ro f. Béla Kellner, B u d ap est I I .,  R á th  G y. u . 5. H ungary
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