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Summary. The purpose of  this study was to investigate the 
toxicologic responses of  mice to vincristine (VCR), an estab- 
lished antitumor drug, and to compare them with those reported 
for dogs, monkeys, and humans. This comparison was expected 
to facilitate the continuing appraisal of  the mouse as a model for 
toxicologic responses to antitumor drugs in human patients. In 
duplicate experiments, male B6D2F 1 mice were treated with 1. O, 
1.5, 2.0, and 3.0 mg/kg of  VCR in single IP doses. These 
sublethal doses corresponded to 0.25, 0.40, 0.50, and 0.80 
LDso. On posttreatment days 1, 3, 6, 10, 14, and 21, groups of  
mice were killed and blood and other tissues were collected for 
hematologic (8 tests), clinical chemical (15 tests), and histopa- 
thologic (11 tissues) evaluations. VCR produced dose-de- 
pendent body weight loss, reticulocytopenia, granulocytopenia, 
elevated plasma alkaline phosphatase, GPT, and G O T  activ- 
ities, and damage to the gastrointestinal epithelium. These 
reversible changes were most severe during the first 3 days 
posttreatment. The mouse was comparable to the dog and the 
monkey in reflecting the target organ toxicity of  VCR in 
humans. Studies with additional antitumor drugs will be 
required before the overall predictive reliability of  this model 
can be expressed quantitatively. 

Introduction 

From the perspective of general toxicology, preclinical toxi- 
cologic evaluation of new antitumor drugs presents some 
unique problems and features. These drugs are cytotoxic. 
Otherwise, they would have no therapeutic potential in the 
conventional sense. Rather than dealing with a relatively safe 
drug and trying to elicit, predict, or extrapolate toxicity, the 
toxicologist is confronted with a situation in which dose-lim- 
iting toxicity is virtually guaranteed in dose ranges of 
therapeutic interest. The problem is to predict a safe dose for 
initial clinical trials. This problem is complicated b y  the fact 
that the exposed human population will be a tumor-bearing 
population instead of a relatively healthy one. Studies in 
healthy laboratory animals may not accurately reflect the 
responses of a compromised host to the drug. Preclinical 
toxicity studies of antitumor drugs are carried out in one rodent 
and one nonrodent species [2], but the protocols require fewer 
animals and shorter exposure or treatment durations than are 
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common for other routine toxicity tests. However, these 
protocols have evolved as a reflection of the intended initial 
clinical use of a new antitumor drug, namely, abbreviated 
treatment of terminally ill cancer patients. Although the use of 
the beagle dog as the nonrodent species permits comparison 
with extensive data on normal and abnormal physiologic 
responses of beagles, use of the mouse as the rodent species 
permits less reliance on historical toxicity data than might be 
possible with other rodent species, particularly the rat. 
Quantitative dose-response comparisons between mouse and 
man are quite reliable [7], however, and the greatest concern 
about using the mouse as a model for antitumor drug toxicity 
has to do with the ability of this species to provide qualitative, 
target-organ predictions that are reliable for man [3]. The 
present report  provides information relevant to this concern on 
an additional drug [9], vincristine. 

Materials and Methods 

Vincristine (VCR) was supplied by the Developmental 
Therapeutics Program, Division of Cancer Treatment,  NCI 
(Bethesda, MD, USA).  It was dissolved in aqueous sodium 
chloride (0.9 g NaC1/100 ml) and diluted so that 0.1 ml/10 g 
body weight provided the dosages. VCR was administered in 
single IP doses. 

Young, adult male C57BL/6 × DBA/2F1 (i.e., B6D2F1) 
mice supplied by Simonsen Laboratories, Gilroy, CA, USA 
were used. Each mouse weighed 24-27  g at the time of 
treatment, and the mice were treated on the basis of their 
individual body weights. Husbandry in our laboratories has 
already been described [10]. The mice were caged individually 
and were fed Wayne Lab-Blox T M  F6 (Allied Mills, Inc., 
Chicago, IL, USA) and tap water ad libitum. A total of 
700 mice was used. 

Two experiments using 350 mice each were conducted. In 
each experiment the mice were randomly divided into groups 
of 70, and each group received the following VCR doses: 0 
(diluent control), 1.0, 1.5, 2.0, or 3.0 mg/kg. These VCR doses 
approximated to 0.25, 0.40, 0.50, and 0.80 LDs0 (LDs0 = 3.85 
mg/kg, ref. 9). On days 1, 3, 6, 10, 14, and 21 (day of treatment 
= day 0), 10 mice from each group were killed. Procedures for 
euthanasia, blood collection, sample preparation, necropsy, 
histotechnology, hematology, and clinical chemistry have been 
described elsewhere [10, 11]. In five individual blood samples, 
the erythrocyte, leukocyte, differential leukocyte, platelet, 
and reticulocyte counts, and hemoglobin and packed cell 



volumes  were  de te rmined .  The  mar row cell count  was 
de t e rmined  f rom a sample  of femora l  marrow.  Individual  
p lasma samples  were  p r epa red  f rom the  remain ing  five mice 
for the  de t e rmina t i on  of glucose, u rea  n i t rogen,  crea t in ine ,  
to ta l  p ro te in ,  a lbumin ,  to ta l  b i l i rubin,  alkaline phospha tase ,  
a lanine  t r ansaminase  (GPT) ,  aspar ta te  t r ansaminase  ( G O T ) ,  
uric acid, inorganic  phosphorus ,  calcium, potass ium,  sodium, 
and  chloride.  

Body  weights  were  d e t e r m i n e d  on  the  day of t r ea tmen t ,  on  
all sacrifice days, and  on  day 30. T en  mice in each group were  
p redes igna ted  as lethal i ty controls  and  were  observed  daily for 
signs of toxicity and  death .  T he  survivors were eu than ized  on  
day 30. 
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Table 1. Mean body weight change (%) in mice treated with 
vincristine 

Dosage Days after treatment 
(mg/kg) 

1 3 6 10 14 21 

Diluent - 0.7 3.9 1.5 2.3 3.9 4.7 
1.0 - 4.1 - 8.5 - 0.7 - 1 . 5  3.2 7.9 
1.5 - 6.6 - 1 2 . 0  - 2.3 - 1 . 9  1.6 2.3 
2.0 - 7.7 - 1 6 . 2  - 5.4 - 0 . 8  2.3 7.4 
3.0 - 1 0 . 6  - 1 9 . 8  - 1 7 . 2  - 3 . 1  0.7 4.3 

R e s u l t s  

The  single-dose LD10 value  for V C R  [9] in male  B 6 D 2 F  1 mice 
has  b e e n  d e t e r m i n e d  to be  3.5 mg/kg. Lethal i ty  in the  duplicate  
exper iments  descr ibed here  was two of 40 and  th ree  of 40 for Diluent 
mice tha t  received 3.0 mg/kg of V C R  and  were  observed  for 1.0 
1 0 - 3 0  days. I shall t he re fo re  refer  to all the  dosages used in 1.5 

2.0 
these  exper imen t s  as sublethal .  T he  principal  signs of toxicity 3.0 
were  body  weight  loss, re t iculocytopenia ,  and e levated p lasma 
enzyme activity. Less str iking changes  were observed  in 
granulocyte  counts  in b o t h  exper iments .  T h r o m b o c y t o p e n i a  
occur red  af ter  3.0 mg/kg of  V C R  in one  exper iment  only. b 

Body  weight  changes  are p resen ted  in Table  1. Weigh t  
losses were  re la ted  to V C R  dosage.  Weights  reached  a nadi r  on  
day 3 and  exhib i ted  a t r end  toward  recovery  dur ing the  
subsequen t  week.  The  severi ty of re t iculocytopenia  and  the  
t ime  requ i red  for recovery  were  also dose-rela ted.  Reticulo-  
cyte counts  r eached  a nad i r  (Table  2) on  day 3 and  r e tu rned  to 
control  values be twe en  days 6 and  10. Granulocy tes  seemed  
less sensi t ive to V C R .  Granu locy te  counts  (Table  3) were  Dosage 
reduced  to the  lower  l imit of the  re fe rence  range  and  below (mg/kg) 
only by the  highest  dose of V C R  (3.0 mg/kg).  This nadi r  also 
occur red  on  day 3. Table  4 presents  data  o n  th ree  p lasma Diluent 
enzymes  tha t  were e leva ted  on  day I (24 h pos t t r ea tmen t )  bu t  1.0 
tha t  exhib i ted  activities within the  re fe rence  ranges  by day 3. 1.5 
The  magn i tude  of increased  activity on  day 1 was dose-rela ted.  2.0 
A l t h o u g h  the  t ransaminases ,  part icular ly GPT,  are usually 3.0 
predic t ive  for  some degree  of hepatotoxici ty ,  no  hepa t ic  a 
lesions were  observed  his topathological ly.  Alka l ine  phospha-  
tase  is less tissue-specific, and  the  changes  in p lasma alkal ine b 
phospha t a se  activity may  have  ref lected effects of V C R  on the  
gas t ro in tes t ina l  ep i the l ium [19], especially in the  small  

Table 2. Reticulocytopenia in mice treated with vincristine 

Dosage Days after treatment a 
(mg/kg) 

1 3 6 10 

7 . 9 ± 1 . 0  b 11 .6±6 .0  10 .3±8.5  11 .9±6.8  
9 . 0 ± 3 . 4  1 .2±1 .4  9 . 4 ± 9 . 2  13 .2±4 .2  
4 . 7 ± 0 . 8  0 . 8 ± 0 . 5  10 .9±5.9  14 .4±6.8  
7 .0±2 .3  0 11 .4±4.8  12 .0±4.6  
4 . 6 ± 1 . 7  0 2 . 3 ± 2 . 6  11 .6±5.8  

Data for subsequent days were not remarkably different and are not 
shown 
Mean ± SD x 10-4/mm 3 for reticulocyte counts of five mice from a 
single experiment. Our revised reference range for reticulocyte 
counts in male B6D2F I mice [8] is 2.8 x 10 4 to 33.4 X 104/ram 3 
(n = 732) 

Table 3. Granulocyte counts in mice treated with vincristine 

Days after treatment a 

1 3 6 

1 . 8 ± 0 . 7  b 1 .9±0 .5  2 . 4 ± 1 . 2  
1 .6±0 .7  1 .6±0 .8  1 .9±1 .1  
1 .9±1 .0  1 .5±1 .0  2 . 1 ± 1 . 3  
3 . 2 ± 1 . 6  1 .0±0 .7  1 .7±0 .5  
2 . 6 ± 0 . 5  0 . 7 ± 0 . 5  1 .8±0 .3  

Data for subsequent days were not remarkably different and are not 
shown 
Mean + SD x ]0-3/mm 3 for five mice from a single experiment. Our 
revised reference range for granulocyte counts in male B6D2F1 mice 
[10] is 0.7 x 103 to 4.6 x 103/ram 3 (n = 733) 

Table 4. Effects of vincristine on plasma enzyme activity of mice 

Dosage Days after treatment a 
(mg/kg) 

Alkaline phosphatase (IU/1) GPT (IU/1) GOT (IU/1) 

1 3 1 3 1 3 

Diluent 72 ___ 20 b 65 _+ 12 42 + 9 4 0  + 7 147  + 106 199 + 88 
1.0 9 4 + 2 3  7 4 + 1 3  5 3 +  9 30+  4 163+ 66 160+ 82 
1.5 109+21  7 9 + 1 4  6 3 + 1 0  37+  7 273+ 79 172+ 92 
2.0 119_+15 7 1 + 1 0  88+  8 3 9 + i 4  422+ 73 272+179  
3.0 1 5 5 + 3 0  77+  4 107+24  44+  9 433+105 209+ 95 

Data for subsequent days were not remarkably different and are not shown 
Mean + SD of five mice from a single experiment. Our revised reference ranges for these plasma enzyme activities in male B6D2FI mice [10] 
are: alkaline phosphatase, 35-96 IU/1 (n = 574); GPT, 17 77 IU/1 (n = 573); GOT, 54-298 IU/1 (n = 572) 
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Table 5. Epithelial hypertrophy, hyperplasia, and macronucleosis in 
the small intestine of mice treated with vincristine 

Dosage Days after treatment 
(mg/kg) 

Experiment 1 Experiment 2 

1 3 1 3 

0 0/5" 0/5 0/5 0/5 
1.0 5/5 (1.0) 0/5 4/5 (0.8) 0/5 
1.5 5/5 (1.6) 0/5 5/5 (1.0) 0/5 
2.0 5/5 (2.0) 0/5 4/5 (1.2) 0/5 
3.0 5/5 (2.0) 0/5 5/5 (1.6) 0/5 

a The numerator is the number of affected mice, the denominator is 
the number of mice studied, and the number in parentheses is the 
mean degree of severity where 0 = no lesion, 1 = minimal, 
2 = moderate, and 3 = severe 

intestine. These  lesions were  qualitatively similar to those 
produced  by other  ant i tumor drugs described previously [8]. 
Modera te  epithelial changes appeared within 24 h posttreat-  
ment  (Table 5) and were  resolved by day 3. This t ime course 
paral leled the plasma enzyme changes observed (Table 4). The  
mean  degree of lesion severity der ived f rom semiquanti tat ive 
histopathologic evaluat ion was dose-related and consistent in 
the two experiments  (Table 5). 

Discuss ion 

V C R  was introduced into clinical practice about 1960. Because  
of its usefulness as an ant i tumor drug, interest  in its 
pharmacologic  and toxicologic propert ies  has cont inued to the 
present  [4, 13, 14, 17]. In spite of intensive interest  and 
extensive research, a gap remains in available data on the 
qualitative and quanti tat ive toxicity of V C R  in mice. Previous 
studies [1, 16] have provided some information on the 
responses of mice to V C R ,  but these data have not  been  
sufficiently extensive to permit  a comparison of the responses 
of mice with those of  humans.  A t  a t ime when predictions of 
the clinical toxicity of ant i tumor drugs depended on studies in 
dogs and monkeys  [12], a retrospect ive study of V C R  [6] 
revealed a good predict ion of clinical toxicity by these two 
species. Revis ion of the Nat ional  Cancer  Insti tute 's  preclinical 
toxicology protocol  to include intravenous toxicity studies in 
mice [2] has required a continuing reassessment of the 
predict ive reliability of the mouse  as a model  for ant i tumor 
drug toxicity as appropriate  data continue to become  available 
[3]. 

The present  studies of V C R  in mice conform to a carefully 
standardized approach reviewed recently [9] and applied to a 
number  of ant i tumor drugs [8, 9]. For  an impression of the 
usefulness of each model ,  one may compare  these data and 
similar data f rom dogs and monkeys [1, 6] with the well-do- 
cumented  effects of V C R  in humans [5, 15, 18]. This 
comparison is summarized in Table  6. For  each known major  
toxic effect of  V C R  in humans,  the presence or absence of the 
effect in the animal species is indicated. Compared  with the 
dog and the monkey,  in the present  study the mouse  failed to 
predict  anemia.  However ,  doses that produced anemia in dogs 
also produced distinct morbidi ty and death. All  doses used in 
the present  study were  sublethal. Moreover ,  ret iculocytope- 
nia, a sensitive indicator of toxicity to the erythron,  was 

Table 6. Predictability of animal species for toxic effects of vincristine 
in man 

Toxic effect in man Toxicity predicted by ~ 

Dog b Monkey c Mouse 

Hematologic 
Leukopenia d + + + 
Anemia + + - 
Reticulocytopenia NR NR + 

Clinical chemical 
GOT (AST) -/r ~ ~r 
GPT (ALT) NR NR -/r 

Hepatic necrosis - - - 
Gastrointestinal + + + 
Neurologic + + +~ 

a +, toxicity occurred in animal and man; - ,  toxicity occurred in man 
but not in the animal species; * ,  sign observed in animal but not in 
man; NR, not reported in the reference indicated 

b Based on report of Folk et al. [6] 
c Based on report of Adamson et al. [1] 
d Granulocytopenia in the mouse 

Based on report of Uy et al. [16] 

observed in mice,, suggesting that higher doses or prolonged 
t rea tment  would likely have resulted in frank anemia in this 
species as well. Leukopenia  was very mild, and the total 
leukocyte counts were  not  reduced below the reference range 
(i.e.,  leukopenia  was not statistically significant; data not  
shown). An  indication of granulocytopenia was observed,  
however  (Table 3). E leva ted  blood transaminase activities, 
observed in all animal species, have not been reported in 
humans.  Conversely,  autopsy studies of some patients who 
received V C R  have revealed hepatic necrosis [5], but  a 
histopathologic correlate of transaminase elevation in animals 
has not  been  observed.  The data (Table 6) suggest that the 
mouse  is at least comparable  to the dog and the monkey  for 
predicting or  reflecting the target organ toxicity of VCR.  
Advantages  of the mouse  as a model  for preclinical toxicologic 
evaluations of ant i tumor drugs have been discussed previously 
[9]. Addi t ional  studies will be required before  the predictive 
reliability of this model  can be compared for several drugs and 
expressed quantitatively. 
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