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Table I. Mean values of results 6btained in Macaca mulatta after i.v. application of endotoxoid 
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Before 4 weeks after 8 weeks after 
injection first injection first injection 
Treated Controls Treated Controls Treated Controls 

12 weeks after 
first injection 
Treated Controls 

Body temperature °C 39,8 39.6 39.8 39.5 39.3 
Bilirubin rag/100 ml 1.78 1.80 1.58 1.62 1.99 
Alk. phosphatase mU]ml 277 272 207 300 269 
SGOT mU]ml 31.10 24,93 34.90 31.43 25.17 
SGPT mU[ml 21.42 19.28 22.45 23.28 14.45 
GLDH mU]ml 3.61 2.71 3.42 3.52 3.24 
Urea rag/100 mt 26.6 26.1 37.3 34.6 45.3 
Glucose mg[100 nil 85.8 92.5 86.4 91.1 91.9 
Protein g/100 ml 9.19 9.91 9.21 9.52 10.15 
Prothrombin time (%) 80 89 82 81 81 
Hematoerit (%) 49 46 48 48 46 
Hemoglobin (%) 55.4 51.5 53.7 49.6 49.5 
Erythrocytes mitl/mm 3 7.21 5.94 6.70 6.0 5.56 
Leucocytes mms 11,858 11,275 10,858 7,438 12,467 

39.1 39.6 39.3 
2.05 1.78 2.02 

300 248 289 
23.3 31.32 26.91 
12.84 23.02 25.29 
3.88 3.37 3.33 

36.3 34.3 35.1 
94.8 91.0 88.9 
11.0 10.05 9.87 
85 81 89 
45 47 47 
48.4 49.7 48.8 

5.97 6.16 6.78 
11,313 Ii,675 13,738 

Table I1. Mean values of blood coagulation studies determined at 
the end of the experiment 

Macaca mulatta 

,Treated Untreated 

Thrombin time/see 27.5 22.1 
PTT/sec 39.7 43.4 
Factor V/see 36.9 39.5 
Prothrombin/sec 37.5 37.1 
Thrombocytes]mm z 265,000 296,000 
Fibrinogen 249 227 

E n d o t o x o i d  wurde  Macaca  mula t ta  in e iner  Dosierung 
yon  jeweils  100 7 /kg  in  i n sgesamt  51 In j ek t i onen  inner-  
ha lb  yon  12 W o c h e n  inj iziert .  Dabe i  zeigte  sich, dass  
diese Subs t anz  ke inen  Einf luss  auf  die  gepr i i f ten  klinisch- 
chemischen  P a r a m e t e r  h a t t e  und  bei makroskop i sche r  
und  his to logischer  U n t e r s u c h u n g  keine Ver i inderungen  
au f t r a t en .  
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t i t e rs  s l ight ly  increased  in m o n k e y s  which  h a d  received 
endo toxo id  whereas  t he  t i t e r s  of cont ro l  an imals  r ema ined  
unchanged .  W i t h  the  serological t e s t s  employed  endo-  
toxoid  d id  no t  a p p e a r  to  evoke a good a n t i b o d y  response.  

Macroscopic  obse rva t ion  a t  nec ropsy  d id  no t  revea l  
any  a l t e ra t ions  e x c e p t  for p leura l  adhes ions  and  some 
l i t t le  wh i t e  nodes  p re sen t  in t he  lungs of  one an imal  of 
e i ther  group.  I n f l a m m a t o r y  inf i l t ra tes  in the  area  of  t he  
whi te  nodes  especia l ly  w i th  eos inophi le  leucocytes  and  
f ibrous t i ssue  ob l i t e ra t ion  (his t iocytes  a n d  col lagenous 
fibres) were microscopica l ly  observed  ~1, b u t  obvious ly  
had  no  connec t ion  w i t h  t he  e n d o t o x o i d  t r ea tmen tZL 

Zusammen fas sung .  Vor  d e m  H i n t e r g r u n d  der  vielf~l- 
t igen E n d o t o x o i d w i r k u n g  wurde  diese  Subs t anz  in chro-  
n ischen  Toxizi t / i . tss tudien bei Macaca  mula t ta  gepri if t .  
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The  Effects of C y c l o p h o s p h a m i d e  and N o r - N i t r o g e n  Mustard  A d m i n i s t r a t i o n  to  O n e - D a y - O l d  Mice 

Cyc lophosphamide  is an an t ineop las t i c  agen t  t h a t  can 
produce  a b n o r m a l  d e v e l o p m e n t  in bo th  embryon ic  1 and  
neona ta l  mice  2. B ioac t iva t ion  of t he  p a r e n t  c o m p o u n d  
is requi red  for t he  p roduc t i on  of a lky la t ing  me tabo l i t e s  a. 
I t  has  been  sugges ted  t h a t  t he  t e ra togen ic  effects  of 
cyc lophosphamide  are associa ted  w i t h  t he  p a r e n t  com-  
p o u n d  r a t h e r  t h a n  a lky la t ing  me tabo l i t e s  4. We  have  
shown t h a t  t he  d e v e l o p men ta l  t ox i c i ty  of th i s  drug, in 
pe r ina ta l  mice, occurred  a t  a t ime  when  tke  a f fec ted  
o rgan i sm had  no t  fully deve loped  an  in v i t ro  ab i l i ty  to  

a c t i v a t e  t he  p a r e n t  c o m p o u n d  5. However ,  since 1-day-old 
mice  h a d  a s l ight  c a p a c i t y  to  p e r f o r m  th is  convers ion  i t  
became  necessary  to  d e t e r m i n e  the  effects  of a lky la t ing  
ac t iv i ty  on n e o n a t a l  deve lopmen t .  If pe r ina ta l  tox ic i ty  
arises f rom an  a lky la t ing  m e c h a n i s m  t h e n  o the r  a lky la t ing  
agents  m a y  p roduce  s imi la r  effects.  This  c o m m u n i c a t i o n  
repor t s  t he  resul ts  of e x p e r i m e n t s  in which  cyclophos-  
p h a m i d e  and  nor -n i t rogen  mus ta rd ,  an agent  w i t h  in 
v i t ro  a lky la t ing  ac t iv i ty ,  were  admin i s t e r ed  to  1-day-old 
mice. 
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One-day-o ld  Swiss -Webs te r  mice  were  ob ta ined  f rom 
t i m e d  pregnanc ies  s t a r t ed  in th is  l abora tory .  6 l i t ters ,  
born  on the  same day,  were  ass igned to  each drug  t r ea t -  
m e n t  group.  The average  n u m b e r  of an imals  in each  
l i t te r  was  12. E a c h  group was sub-d iv ided  in to  3 t r ea t ed  
and  3 contro l  l i t te rs  and  m a t c h e d  on the  basis  of l i t ter  
size and  average  b o d y  weight .  The t r ea t ed  mice received 
50 t~l s.c. of the  d rug  dissolved in no rma l  sal ine and  the  
cont ro ls  received only  the  vehicle.  The average  doses 
admin i s t e r ed  in th i s  s t u d y  were cyc lophosphamide  45 
and  80 mg/kg  and  nor -n i t rogen  m u s t a r d  54 mg/kg.  This  

Cumulative litter nlortality produced by cyclophosphamide or nor- 
nitrogen mustard administration to 1-day-old mice 

Treatment Mortality (%) 

Control litters Treated litters 

Cyclophosphamide (45 mg/kg) 
Cyclophosphamide (80 mg/kg) 
Nor-nitrogcn mustard (54 mg/kg) 

o,  (32) 22 4- 15 b (31) 
15 4- 14 (34) 44 4- 14 b (37) 

s 4 -  4 (36) 11-t- 5 (37) 

The values represent the average percent mortality per litter 
=t= S.E. for 3 litters 46 days after birth. Values in parenthesis re- 
present the initial number of animals, b Significantly different from 
control at p < 0.05 (Student's t-test). 
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Growth curves of treated litters. A)' The treatments were nor- 
nitrogen mustard 54 mglkg; B) cyclophosphamide 45 mg/kg; and 
C) cyclophosphamide 80 mg/kg. All animals received treatment at 
one day of age. Points on each curve represent the mean body 
weight 4- S.E. of 3 litters (average number of mice per litter = 12) 
of neonatal mice expressed as a percent of normal adult body 
weight. Normal adult body weight was determined from control 
litters which matured simultaneously with treated litters. The 
number of animals in each group is indicated in the Table. Values 
earlier than 10 days are not shown for the sake of clarity. The growth 
curve for control litters is identical with the growth curve of nor- 
nitrogen mustard treated litters. 

dose of nor -n i t rogen  m u s t a r d  was  ca lcula ted  to  be equi- 
mola r  w i t h  t he  h igher  dose of cyc lophosphamide  (MW 
cyc lophosphamide /no r -n i t r ogen  m u s t a r d  = 0.68). 

The d a t a  in t he  Table  and  in t he  F igure  indica te  t h a t  
cyc lophosphamide  inhib i t s  g rowth  and  p r o mo t e s  neona ta l  
mor ta l i ty .  The l i t te rs  receiving the  h igher  dose exh ib i t ed  
m a n y  of the  gross morphologic  fea tures  r epo r t ed  by  
NORDLINDER 2, e.g., de layed  d e v e l o p m e n t  of ha i r  and  
shor t  nose, ears, and  tail .  The  l i t te rs  receiving the  lower 
dose, however ,  were  no t  a f fec ted  to  t he  same degree  as 
the  above  l i t ters .  The g rowth  curves  for the  nor -n i t rogen  
m u s t a r d  t r e a t e d  l i t t e rs  were  ident ica l  to  cont ro l  curves  
and  the re  were  no gross morphologic  dif ferences  b e t w e e n  
t r e a t e d  and  contro l  animals .  The  t r ea t ed  an imals  devel-  
oped  a bald  spo t  a t  the  in jec t ion  s i t e  which  d i sappea red  
w i t h  age. 

In  p re l imina ry  e x p e r i m e n t s  n i t robenzy l  pyr id ine  (NBP) 
was  used to  de t ec t  a lky la t ing  ac t iv i ty  in p l a sma  and  
urine4, ~. One-day-o ld  mice  were  in jec ted  wi th  t he  d rug  
and  e i ther  i sola ted  (0-4 h) or r e t u r n e d  to t he  m o t h e r  
(8 h) pr ior  to  sacrifice. Blood was  ob ta ined  b y  exsanguina-  
t ion  and  the  ur ine was  ob ta ined  f rom excized b ladders .  
In  c y c l o p h o s p h a mi d e  t r e a t e d  an imals  t he  samples  were 
hyd ro lyzed  in 0.5 ml  of 1 N  HC1 for 5 rain on a boil ing 
w a t e r  b a t h  to  conve r t  the  p a r e n t  c o m p o u n d  to  N B P  
reac t ive  mater ia l .  As a resu l t  of th is  t r e a t m e n t  t he  N B P  
reac t ive  mate r ia l  represen ts  to ta l  drug. Cyc lophosphamide  
was  de t ec t ed  in p l a s ma  and  urine a t  t he  end of 4 h b u t  
only  in the  urine a t  t he  end  of 8 h. The p l a sma  levels 
r ema ined  re la t ive ly  c o n s t a n t  dur ing  th is  ini t ial  4 h per iod 
while t he  ur ine levels t ended  to  increase.  This  is suggest ive  
of an in jec t ion  depo t  f rom which  the  drug  is s lowly 
absorbed .  Nor -n i t rogen  mus ta rd ,  on t h e  o the r  hand,  was 
de t ec t ed  only  in the  ur ine a t  1 h. 

These  obse rva t ions  ind ica te  t h a t  t he  a d mi n i s t r a t i o n  of 
2 a lky la t ing  agents  can produce  d i f fe ren t  effects  on the  
g rowth  and  d e v e l o p m e n t  of neona ta l  mice.  The d a t a  
suggests  t h a t  these  differences  m a y  be due to  t he  phar -  
macok ine t i c  p roper t ies  of the  drugs  and /o r  due  to  a 
unique  m e c h a n i s m  of c y c l o p h o s p h a mi d e  cy to tox ic  act ion.  
W e  are no t  able, however ,  to  exc lude  t h e  poss ib i l i ty  t h a t  
these  agents  m a y  affect  d i f fe ren t  biological  processes  
sens i t ive  to  a lky la t ing  agents .  An a l t e rna t ive  m e t h o d  to  
eva lua te  t he  role of the  p a r e n t  c o m p o u n d  in p roduc ing  
n e o n a t a l  t ox i c i ty  involves  t he  t echn iques  of e n z y me  
induct ion .  The p rac t i ca l i ty  of th is  a p p r o a c h  is cur ren t ly  
unde r  inves t iga t ion  in our  l a b o r a t o r y L  

Zusammenfassung. StCrung der n o r ma l e n  E n t w i c k l u n g  
und  des W a c h s t u m s  ein Tag al ter  M/inse wurde  du rch  
In j ek t i on  yon  Cyc lophosphamid  ve rursach t .  Verabre ich-  
ung von  Nor -Ch lo rme th in  zeigte keine de ra r t igen  Ef fek te  
und  es wird  ver lnu te t ,  dass  diese Un te r sch i ede  durch  
die p h a r m a k o k i n e t i s c h e n  E igenscha f t en  dieser  Stoffe 
ve ru r sach t  sein kCnnten.  

R .  S H O R T  and  J. GIBSON 

Michigan State University, Department of Pharmacology, 
East Lansing (Michigan 48823, USA), 29 December ?970. 

1 J. GIBSON and B. BECKER, Cancer Res. 28, 475 (1968). 
2 H. NORDLINDEE, Experientia 25, 1296 {1970). 
3 G. FOLEY, O. FRIEDMAN and B. DROLET, Cancer Res. 21, 57 (1961). 
4 j .  GIBSON and B. BECKER, Teratology I, 393 (1968). 
s R. SHORT and J. GIBSON, Toxicol. appl. Pharmac., in press (1971). 
6 0 .  FRIEDMAN and E. BooER, Analyt. Chem. 33, 906 (1961). 

This work was supported by GRS Grant No. 71-0955 awarded 
by The College of Human Medicine, Michigan State University. 


