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Summary. We evaluated 17 clinically used anticancer 
drugs for their effects on total WBC and absolute neutro- 
phil counts in BDF 1 mice. These drugs were selected from 
three categories, based on their myelosuppressive effects in 
man: myelosuppression is dose-limiting; myelosuppres- 
sion occurs but is not dose-limiting; or myelosuppression 
does not occur. The ability of each drug to cause myelo- 
suppression in mice was determined by its effect on the 
neutrophil count 4 days after single-dose treatment. The 
neutropenic effect of the maximum tolerated dose (LD0_20) 
of each drug was characterized as marked (>  65%~), mod- 
erate (35%-65% ~), or minimal (<35% ~) to correspond 
with the three clinical categories of myelosuppression. The 
neutropenic effects in mice correctly predicted (true + or 
true - )  the myelosuppressive effects in man for 13 of the 
17 drugs (76%). Marcellomycin and the platinum com- 
plexes cisplatin, carboplatin, and spiroplatin did not cause 
neutropenia at maximum tolerated doses. These represent 
false-negative predictions, since the drugs are myelosup- 
pressive in man. The results with the platinum complexes 
indicate that this method is not suitable as a means of 
screening these agents for myelosuppression. Excluding 
the platinum complexes, the predictions were correct for 
12 of 13 drugs (92%). Therefore, this model is considered a 
good predictor for the myelosuppressive effects of antican- 
cer drugs in man (except platinum complexes) and can be 
used effectively to screen drugs for this toxicity. However, 
it is important that drugs identified by this system as being 
less myelosuppressive than the reference agent(s) be evalu- 
ated further, since all the incorrect predictions were false 
negatives. 

Introduction 

The most common dose-limiting toxicity of anticancer 
drugs encountered in man is myelosuppression [6, 8]. An 
important objective of anticancer drug discovery programs 
is the identification of agents which are less myelosuppres- 
sive than the ones currently available for use in clinical 
practice. Obviously, an efficient and predictive experimen- 
tal test system is needed to screen new drugs for myelosup- 
pressive effects. We have previously reported [3, 4] on the 
development of a model in mice to test drugs for effects on 
total white blood cell counts (WBC). We now report the 
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results of evaluations of 17 clinically used anticancer drugs 
for effects on absolute neutrophil counts in BDF 1 mice to 
determine the ability of the mouse to predict for myelosup- 
pression in man. 

Materials and methods 

Animals. These studies were done in male BDF 1 mice 
weighing 25-291 g, obtained from the Charles River Labo- 
ratories, Wilmington, Mass. The mice were housed in wire 
cages and offered free access to feed and tap water. 

Drugs. The anticancer drugs tested in these studies were se- 
lected from three categories based on their myelosuppres- 
sive effects in man: (a) myelosuppression is dose-limiting; 
(b) myelosuppression occurs but is not dose-limiting; and 
(c) little or no myelosuppression occurs. The drugs were 
dissolved in saline or water, except for BCNU which was 
dissolved in absolute ethanol and diluted with saline, im- 
mediately prior to IV administration (IP for BCNU). The 
concentrations of drugs in solution were such that the mice 
received the appropriate dose in a volume 0.25 ml/mouse 
for each IV injection or 0.5 ml/mouse for each IP 
injection. 

Experimental design. Mice in groups of 40-50/drug 
(10/dose) were bled from the retro-orbital plexus 2 days 
before drug treatment. The total WBC counts of individual 
mice were measured using a Model S Coulter Counter 
(Coulter Electronics, Inc., Hialea, Fla). The absolute neu- 
trophil count for each mouse was determined by manually 
counting 100 cells from a Wright-stained whole blood 
smear and multiplying the percentage of neutrophils ob- 
served by the total WBC count. On day 0 the mice received 
a single dose of drug at 56%, 75%, or 100% (occasionally 
133%) of its LDs0 (previously determined in mice which 
were not bled). The mice were rebled 4 and 7 days after 
dosing and the total WBC counts determined. In most 
cases the post-treatment neutrophil counts of mice in se- 
lected treatment groups and the control mice were deter- 
mined for the day 4 bleeding only, because preliminary 
tests indicated this was usually the nadir day for neutro- 
phil counts. One drug, marcellomycin, did cause a neutro- 
phil count nadir on day 7. The leukopenic and neutropen- 
ic effects of each drug were assessed by determining their 
effects on the total WBC and neutrophil counts at the ap- 
proximate maximum tolerated dose (lethality in _< 20% of 
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the mice by day 14) and were ranked as marked ( >  65%~), 
moderate  (35%-65%4) , or minimal  ( <  35%4). 

Results 

The myelosuppressive effects of  the anthracyclines tested 
are summarized in Table 1. Adriamycin,  aclacinomycin,  
and carminomycin  caused marked reductions in total 
WBC and neutrophil  counts at nonlethal  doses. Marcel- 
lomycin caused minimal  to moderate  leukopenia  without 
neutropenia  at doses up to the MTD. However,  marcel- 
lomycin did cause neutropenia  at 14.1 mg/kg ,  which is 
1.33 times the LDs0. 

The results f rom the evaluation of  plat inum complexes 
(Table 2) show that cisplatin, carboplatin,  and spiroplatin 
caused minimal  to moderate  leukopenia  but did not  cause 
neutropenia.  In contrast, iproplat in caused marked leuko- 
penia  and neutropenia.  

B C N U  caused reductions in both total WBC and neu- 
trophil  counts at 36 m g / k g  (Table 3). Higher  doses were al- 
so myelosuppressive,  but lethality was excessive. Strepto- 
zotocin had essentially no effect on either total WBC or 
neutrophil  counts. 

Mitomycin  C and the analogues M-83 and profiromy- 
cin caused marked reductions in total WBC and neutro- 
phil counts at nonlethal  doses (Table 4). The reduction in 
neutrophils produced by M-83 was somewhat  less in mag- 
ni tude than that caused by mitomycin C or porf iromycin.  

Bleomycin caused minimal  reductions in total WBC 
counts and no reductions in neutrophil  counts (Table 5). 
The neutrophil  counts of  the mice treated with bleomycin 
at 139 m g / k g  were actually higher than control on day 4. 
Vinblastine and vindesine caused marked neutropenia  at 
M T D  levels, whereas the neutropenic  effect of  vincristine 
was moderate  at its MTD. 

Table 1. Myelosuppressive effects of anthracyclines in mice 

Drug Dose % A on day 4 Deaths by 
mg/kg day 14 
(IV) Total Neutro- 

WBC phils 

Adriamycin 32 - 84 - 97 10/10 
24 - 76 - 89 0/I  0 
18 - 7 6  - 8 0  0/10 
Vehicle 9 43 0/10 

Aclacinomycin 37 - 8 5  -91  9/10 
28 - 89 - 94 6/10 
21 - 8 0  - 8 4  0/10 
Vehicle - 18 - 3 0/10 

Carminomycin 3.2 - 92 - 98 0/10 
2.4 - 8 6  - 9 2  0/10 
1.8 - 76 - 94 0/10 

Vehicle - 7 26 0/10 

Marcellomycin a 14.1 b -- 80 - 95 3/10 
10.6 - 5 4  - 10 2/10 
7.9 -21  ND 0/10 
5.9 - 33 ND 0/10 

Vehicle - 6 10 0/10 

Animals: Male BDF, mice. 
dose is LDs0. ND, not done 
a Maximum % A on day 7 
b 1.33 X LDs0 

Treatment: Single dose IV, highest 

Table 2. Myelosuppressive effects of platinum complexes in mice 

Drug Dose %A on day 4 Deaths by 
mg/kg day 14 
(IV) Total Neutro- 

WBC phils 

Cisplatin 14 - 44 79 3/10 
10.5 - 3 0  24 2/10 
8 - 17 ND 0/10 

Vehicle - 8  - 5  0/10 

Carboplatin 131 - 53 - 50 4/10 
98 - 4 8  2 0/10 
74 -38  - 3  1/I0 

Vehicle - 14 36 0/10 

Iproplatin 74 - 82 - 80 6/10 
56 - 8 0  - 7 2  2/10 
42 - 5 2  -55  0/10 

Vehicle - 5  - 2  0/10 

Spiroplatin 7.5 ~ - 44 85 2/10 
5.6 -25  ND 0/10 
4.2 - 16 ND 0/10 
3.2 - 2  ND 0/10 

Vehicle 10 22 0/10 

Animals: Male BDFI mice. 
dose is LDso. ND, not done 
" Maximum % A on day 7 
b 1.33 X LDs0 

Treatment: Single dose IV, highest 

Table 3. Myelosuppressive effects of nitrosoureas in mice 

Drug Dose % A on day 4 Deaths by 
mg/kg day 14 
(IV) Total Neutro- 

WBC phils 

BCNU 

Streptozotocin 

64 - 8 0  ND 10/10 
48 - 7 2  -71  9/10 
36 - 6 2  -68  0/10 

Vehicle - 14 - 10 0/10 

208 - 2 4  8 1/10 
156 - 2 8  - 2 0  0/10 
117 - 1 0  ND 0/10 
Vehicle 0 - 17 0/10 

Animals: Male BDFt mice. Treatment: Single dose IV 
highest dose is LDs0. 
ND, not done 

BCNU 1P), 

The myelosuppressive effects of  the 17 anticancer 
drugs in mice and man are summarized and correlated in 
Table 6. The mouse neutrophil  count changes predicted 
correctly (true positive or negative) for the myelosuppres- 
sire effects in man of  13/17 drugs (76%). The predictions 
for marcel lomycin,  carboplatin,  spiroplatin and cisplatin 
were false negatives according to our criteria. 

Discussion 

The mouse has been under  evaluation for its ability to pro- 
vide qualitative predictions for the organ toxicities of  anti- 
cancer drugs in man [3, 4, 9-11]. The purpose of  the cur- 
rent studies was to determine whether the mouse would be 
an effective animal model  to screen anticancer drugs for 



Table 4. Myelosuppressive effects of mitomycins in mice 

Drug Dose % A on day 4 Deaths by 
mg/kg day 14 
(IV) Total Neutro- 

WBC phils 

Mitomycin C 8.6 - 81 - 97 8/10 
6.4 - 7 4  -97  0/10 
4.8 -67  -91 0/10 

Vehicle 7 24 0/10 

M-83 27 - 82 - 54 3/10 
20 -77  -58  2/10 
15 -69  -66  0/10 
Vehicle - 19 -32  0/10 

Porfiromycin 37 - 82 - 97 8/10 
28 - 7 4  -96  1/10 
21 -76  -82  0/10 
Vehicle - 14 45 0/10 

Animals: Male BDF~ mice. Treatment: Single dose IV, highest 
dose is LDs0 

Table 5. Myelosuppressive effects of bleomycin and vinca al- 
kaloids in mice 

Drug Dose % A on day 4 Deaths by 
mg/kg day 14 
(IV) Total Neutro- 

WBC phils 

Bleomycin 185 - 24 51 8/10 
139 - 11 154 2/10 
104 -24  ND 2/10 
Vehicle - 7 - 33 0/10 

Vinblastine 22 - 77 - 99 10/10 
16.5 -69  -95  4/10 
12.4 -59  -98  1/10 

Vehicle 40 54 0/10 

Vincristine 4.7 - 42 - 68 10/10 
3.5 -21 -46  2/10 
2.6 - 1 18 0/10 

Vehicle 40 54 0/10 

Vindesine 11.3 -70  -99  3/10 
8.5 -47  -98  0/10 
6.4 -37  -96  0/10 

Vehicle 29 - 10 0/10 

Animals: Male of BDFI mice. Treatment: Single dose IV, highest 
dose is LDs0. ND, not done 

myelosuppressive effects. The total WBC count in mice is 
composed of about 75% lymphocytes and 20% neutrophils 
[12]. In our studies, a moderate to marked decrease in the 
total WBC count  was not  always associated with a corre- 
sponding decrease in the neutrophil  count. Therefore, 
monitor ing the total WBC count alone in mice does not  
provide a reliable indicator of the presence or absence of 
myelosuppression (neutropenia).  The differential leuko- 
cyte count must be made and the specific drug effect on 
neutrophil  counts determined. 

The neutropenic  effects observed the mice were in 
agreement with the myelosuppressive effects in man for 
13/17 drugs tested. Importantly,  there were no false posi- 
tives. The peripheral neutrophil  counts in mice failed to 
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Table 6. Correlation of myelosuppressive effects of anticancer 
drugs in mice and man 

Myelosup- Drugs Neutro- Corre- 
pressive penic a lation 
effect in man effect 
(rating) in mice 

1. Dose-limiting(+ +) Aclacinomycin [17] b + + T+ 
Adriamycin [6] + + T + 
BCNU [6] + + T+ 
Carboplatin [5] 0 F -  
Carminomycin [6] + + T+ 
Iproplatin [7] + + T + 
Marcellomyein[13,15] 0 F -  
Mitomycin [6] + + T+ 
M-83 [16] + + T+ 
Porfiromycin [1] + + T+ 
Spiroplatin [20] 0 F -  
Vinblastine [6] + + T+ 
Vindesine [2] + + T+ 

2. Occurs, but not Cisplatin [6] 0 F -  
dose-limiting ( + ) Vincristine [6] + T + 

3. Little or none (0) Bleomycin [6] 0 T -  

Streptozotocin [6] 0 T -  

Criteria: based on %A in neutrophil counts 
+ +  >65%~; + = 35%-65%~;0 = <35% 4 

h Reference for myelosuppressive effect in man 

at MTD (LD0_20): 

predict myelosuppression for cisplatin, carboplatin,  and 
spiroplatin, indicating that this method is not useful for 
screening pla t inum complexes for myelosuppression. The 
reason for the failure to predict for pla t inum complexes is 
not known, but  similar findings have been reported by 
others [9, 14]. The marked myelosuppressive effect of  ipro- 
platin adds to the mystery. 

We evaluated the effects of these drugs on mouse neu- 
trophil counts using single-dose treatment and fixed post- 
dose blood sampling time points. It might have been more 
precise to optimize the postdose bleeding schedule for 
each drug to identify the nadir  day and effect more specif- 
ically. However, prel iminary testing with mitomycin C, 
Adriamycin,  aclacinomycin,  bleomycin,  and BCNU indi- 
cated that the day 4 postdose determinat ion of neutrophil  
counts would be sufficiently accurate for screening pur- 
poses. However, according to the results with marcellomy- 
cin, it is possible that use of day 4 data only could produce 
a false-negative result with a drug that causes delayed my- 
elosuppression. 

Identification of an equivalent dose for comparison of 
effects among the various drugs presented a challenge. The 
test doses of each drug were selected on the  basis of the 
LDs0 previously determined in unbled mice. However, as 
shown in the summary tables, this LDs0 did not always 
predict well for the incidence of lethality in mice in the 
myelosuppression tests. Therefore, the mice in each test 
were observed for 14 days after dosing, and comparisons 
of myelosuppressive effects were made at the approximate 
maximum tolerated dose (LD0_20) observed in each study. 

The small proport ion of neutrophils relative to the to- 
tal WBC count in mice contributes to variability within 
groups and between bleedings in individual  mice. In these 
studies the change in neutrophil  counts in the vehicle- 
treated mice from day - 2  (predose) to day 4 (postdose) 
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ranged from - 3 3 %  to 54%. We have not  been able to re- 
duce this var iabi l i ty  through control  o f  certain other vari- 
ables (mouse weight, t ime of  day  of  b leeding and dosing,  
t ime between predose  bleeding and dosing,  accl imating 
mice to housing). For  screening purposes ,  we cont inue to 
compare  the postdose  cell counts with the predose  counts 
for each mouse rather  than compar ing  the t reated mice 
with the control  mice that  receive vehicle only. However ,  if  
the neutrophi l  counts in the vehicle-treated mice are re- 
duced by more than 35% on day  4 the entire study is dis- 
carded.  

I f  the p la t inum complexes  are excluded,  the predic-  
t ions were correct  for 12/13 drugs, or 92%. This demon-  
strates that  measurement  of  ant icancer  drug effects on 
mouse per iphera l  neut rophi l  counts is a good  predic tor  for 
cl inical  myelosuppress ion  and can be used effectively to 
screen new ant icancer  drugs, with the except ion of  plat i-  
num complexes,  for this toxicity.  However,  since the incor- 
rect predic t ions  were false negatives,  it is critical that ad- 
vanced evaluat ion methods  be used for further testing of  
apparen t ly  less myelosuppress ive  agents. We current ly test 
such drugs in a murine  C F U - C  assay [18] and a ferret he- 
mato logy  model  [19] for advanced  evaluat ions of  their 
myelosuppress ive  effects. 

Acknowledgements. The authors wish to acknowledge the expert 
technical assistance of Suzanne Spencer. They also thank Lori 
Evans for providing the hematologies and Cindy Canals for pre- 
paration of the manuscript. 

References  

1. Baker LH, Vaitkevicius Vk (1979) The development of an 
acute intermittent schedule-mitomycin C. In: Carter SK, 
Crooke ST (eds) Mitomycin C: current status and new devel- 
opments. Academic, New York, p 77 

2. Brade WP (1981) Critical review of pharmacology, toxicology, 
pharmacokinetics of vincristine, vindesine, vinblastine. In: 
Brade W, Seeber S (eds) Proceedings of the International 
Vinca Alkaloid Symposium: Vindesine. Karger, New York, 
p 95 

3. Bradner WT, Schurig JE (1980) Evaluation of antitumor drug 
side effects in small animals. Cancer Chemother Pharmacol 
4:95 

4. Bradner WT, Schurig JE (1981) Toxicology screening in small 
animals. Cancer Treat Rev 8 : 93 

5. Calvert AH, Harland S J, Newel DR, Siddik ZH, Jones AL, 
McElwain TJ, Raju S, Wiltshaw E, Smith IE, Baker JE, Peck- 
ham M J, Harrap KR (1982) Early clinical studies with cisdi- 

ammine-2,2-cyclobutane dicarboxylate platinum lI. Cancer 
Chemother Pharm 9:140 

6. Carter SK, Bakowski MT, Hellman K (1981) Chemotherapy 
of cancer. Wiley, New York 

7. Creaven PJ, Madajewicz S, Pendyala L, Mittelman A, Pontes 
E, Spaulding M, Arbuck S, Soloman J (1983) Phase I clinical 
trial of cis-dichloro-trans-dihydroxy-bis-isopropylamine plati- 
num (IV) (CHIP). Cancer Treat Rep 67:795 

8. Dorr RT, Fritz WL (1980) Cancer chemotherapy handbook. 
Elsevier/North Holland, New York 

9. Harrison SD (1981) Toxicologic evaluation of cis-diammine- 
dichloroplatinum II in B6D2F~ mice. Fundam Appl Toxicol 
1 : 382 
Harrison SD (1982) Variable hose response to cytotoxic drugs: 
lethality, lesions and lessons. In: Fidler I J, White RJ (eds) 
Design of models for testing cancer chemotherapeutic agents. 
Van Nostrand Reinhold, NY, p 136 
Harrison SD (1983) An investigation of the mouse as a model 
for vincristine toxicity. Cancer Chemother Pharmacol 11:62 
Harrison SD, Burdeshaw JA, Crosby RG, Cusic AM, Denine 
EP (1978) Hematology and clinical chemistry reference values 
for C57BL/6xDBA/2F~ mice. Cancer Res 38:2636 
Joss R, Kaplan S, Goldhirsch H, Varini M, Brunner KW, Ca- 
valli F (1983) A Phase I trial of marcellomycin with a weekly 
dose schedule. Eur J Cancer Clin Oncol 19:455 
Meredith RF, OKunewick JP, Khan A, Speer RJ (1984) He- 
matopoietic response to a potential new platinum chemother- 
apeutic agent. Exp Hematol 12:378 

15. Nicaise C, Rozencweig M, DE Marnefee M, Crespeigne N, 
Dodion P, Piccart M, Sculier J, Lenaz L, Kenis Y (1983) Clin- 
ical phase I trial of marcellomycin with a single dose sche- 
dule. Eur J Cancer Clin Oncol 19:449 
Ogawa M (1983) New drugs in Japan. Invest New Drugs 2: 
108 
Ogawa M, Inagaki J, Horikoshi N, Inoue K, Chinen T, Ueo- 
ka H, Nagura E (1979) Clinical study of aclacinomycin A. 
Cancer Treat Rep 63:931 
Schlein A, Schurig JE, Farwell AR, Bradner WT (1984) Com- 
parison of the myelosuppressive effects of anticancer drugs in 
the mouse CFU-C. Proc Am Assoc Cancer Res 25:327 
Schurig JE, Florczyk AP, Spencer SM, Doyle GJ, Bradner 
WT (1983) Anticancer drug-induced myelosuppression in the 
ferret: A new animal model. Proc Am Assoc Cancer Res 24: 
306 
Vermorkin JB, ten Bokkel Huinink WW, McVie JG, Van der 
Vijgh WJF, Pinedo HM (1984) Clinical experience with 
1,1-diaminomethylcyclohexane (sulphato) platinum II 
(TNO-6). In: Hacker MP, Douple EB, Krakoff IH (eds) Plati- 
num coordination complexes in cancer chemotherapy. 
Nijhoff, Boston, p 330 

Received February 1, 1985/Accepted August 21, 1985 

10. 

11. 

12. 

13. 

14. 

16. 

17. 

18. 

19. 

20. 


