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S U M M A R Y  

The present investigations have assessed the effects of 
prolonged cyclophosphamide (CY) and Corynebacter ium 
(CP) treatment on the production of bone marrow macro- 
phage precursors [colony-forming cells (CFC)] and on the 
cytotoxicity of macrophages comprising colonies produced 
by the CFC. The findings have been correlated with tumor 
growth in animals receiving the immunochemotherapy. In 
addition, studies have been directed toward ascertaining 
whether the administration of CP with CY might lessen the 
myelosuppressive effects of the latter. Following each con- 
secutive weekly dose of CY (even after as many as 11 ), there 
was a signif icant depression in the number of bone marrow 
cells (BMC's) but, by the next injection, marrow cellularity 
had returned to normal. When the number of BMC's was 
reduced, the proport ion of the remaining cells, which con- 
sisted of CFC, was increased. Upon reconstitution of the 
marrow, the proport ion of CFC returned to the level of the 
controls. The total number of CFC in marrow was at no time 
following CY therapy significantly less than the number in 
marrow of untreated mice. The addition of CP to the treat- 
ment regimen with CY resulted in an absolute as well as 
relative increase in CFC at all times during administration of 
the combined therapy, i.e., when there was a depression in 
total numbers of marrow cells, as well as when marrow 
restoration had occurred. Although CP stimulated the num- 
ber of cells entering into differentiation, it failed to affect the 
total BMC populat ion when given during CY therapy. Num- 
bers of BMC's had been neither increased nor prevented 
from decreasing, by CP administration, indicating that the 
use of total cel lulari ty as an index of the CP marrow-sparing 
effect is wi thout  merit. The present results relative to cyto- 
toxicity of macrophages derived from the CFC concur with 
and extend our  previous findings indicating that the cyto- 
toxic property of macrophages originates in its ancestral 
stem cell or CFC ~lnd that factors responsible for increasing 
the CFC populat ion do not selectively stimulate precursor 
cells responsible for production of the cytotoxic macro- 
phage. Although the proportion of cytotoxic macrophages 
was not altered by CP when administered with CY, the 
absolute number of such cells was increased. Since the 
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increase in macrophage colony production and, conse- 
quently, in cytotoxic macrophages correlates with in- 
creased inhibit ion of tumor growth when CP was used with 
CY, it is suggested that macrophage precursors are the 
cells of primacy in CP immunopotentiat ion. Their stimula- 
tion, resulting in enhanced cytotoxic macrophage forma- 
tion, could be responsible for the inhibit ion of tumor growth 
observed in our model system. The findings also suggest 
that when myelosuppression is a l imiting factor in the use of 
a chemotherapeutic agent, the concomitant use of CP may 
be advantageous. 

I N T R O D U C T I O N  

Studies from this laboratory (10, 11) have shown that 
arrest of growth, as well as partial and complete regression 
of established C3H mammary tumors, occurred consistently 
fol lowing the asynchronous administration of CY 2 and CP. 
Inhibition of growth was always greater than that resulting 
from the use of either agent alone. The model system used 
has provided a unique opportunity to identify alterations in 
a spectrum of host responses resulting from the therapy 
and to relate them to the changes observed in tumor 
growth. Such a correlation could permit a more precise 
identification of factors responsible for tumor growth inhi- 
bition and the subsequent formulation of better treatment 
regimens. While such investigations were being carried out, 
attention was directed toward the macrophage. Increasing 
evidence indicates involvement of that cell in the response 
of a host to its tumor (5, 6, 16, 18) and in the potentiation of 
the immune response by CP (1, 13, 17, 20, 21). Our own 
studies in that regard have revealed that there was a signifi- 
cant, although transient, increase in the number of CFC in 
bone marrow of C3H mice upon implantation of a syngeneic 
mammary tumor (2). With appropriate culture of BMC's, the 
CFC, derived from marrow stem cells, produce colonies of 
mature macrophages. Enhanced colony product ion is in- 
dicative of an increased proportion of CFC in bone marrow. 
Macrophages comprising such colonies have been found 
by us (8) to be specifically cytotoxic to cells from the immu- 
nizing tumor. They maintained that characteristic as long as 
a tumor was present in the animal from which the bone 

2 The abbreviations used are: CY, cyclophosphamide; CP, Corynebacte- 
rium parvum; BMC, bone marrow cell; CFC, colony forming cell. 
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marrow was derived. It has also been observed that the 
number of CFC (macrophage colonies) was enhanced when 
normal (21) and tumor-bearing (20) mice were administered 
CP, indicat ing st imulat ion of CFC product ion by that immu- 
nopotentiator.  

Administrat ion of CY has been shown to result in a pro- 
found decrease in marrow cel lulari ty fol lowed by a rapid 
recovery (12, 15, 19). Hematopoiet ic stem cells are particu- 
larly vulnerable to destruction. Aside from studies assessing 
hematopoiet ic stem cell kinetics in normal animals after a 
single dose of CY, little or no other data are available 
concerning those cells. More specif ically, information from 
tumor-bear ing animals in regard to the effect of either a 
single dose or the prolonged administrat ion of CY on CFC 
product ion is lacking, as is that relative to the cytotoxic i ty of 
macrophages generated by the CFC. 

The present investigations were pr imari ly carried out to 
assess the effect of prolonged CY administrat ion with and 
wi thout CP (as used in our model system) on the product ion 
of CFC, as well as on the cytotoxic properties of macro- 
phages compr is ing the colonies produced by the CFC, and 
to correlate the f indings obtained with growth of tumors in 
animals receiving that immunochemotherapy.  In addit ion, 
since CP stimulates prol i feration of hematopoiet ic precur- 
sor cells, it was considered appropriate to ascertain 
whether the administrat ion of CP with CY might diminish 
the myelosuppressive effects of the latter. Inasmuch as 
immunochemotherapeut ic  regimens have been proposed 
for treating human tumors, such information would have 
practical importance. It has been proposed (14) that pa- 
tients receiving CP may tolerate larger doses of a chemo- 
therapeutic agent because of less myelosuppression. 

MATERIALS AND METHODS 

Mice. The mice used in this study were inbred C3HeB/FeJ 
females, 8 to 12 weeks of age. 

Tumor. The tumor  used was a mammary carcinoma aris- 
ing in a C3H female and carried in transfer in C3HeB mice. 
In all experiments, tumors were transferred by inoculat ing a 
suspension of 2 x 105 viable tumor  cells in 0.1 ml Medium 
199 s.c. into the left hind leg distal to the popliteal node. A 
tumor approximately 5 mm in diameter developed by Day 
14, at which t ime treatment was begun. Mice were assigned 
to various groups in the exper iment so that each contained 
tumors of equivalent size. All mice were weighed, and the 
tumor diameter and health of the animal were noted just 
pr ior to each injection. Control mice received 0.9% NaCI 
solut ion by the appropriate route at the t ime when treat- 
ments were given to test animals. 

CP. Burroughs-Wel lcome CP CN6134 (supplied by Dr. J. 
D. Whisnant of Burroughs-Wel lcome Company, Research 
Triangle Park, N. C.) was administered i.p. in a dose of 1.4 
mg, dry weight,  of organisms every 7 days. 

CY. The CY was dissolved in disti l led water so that the 
desired dose was contained in 0.01 ml/g body weight.  The 
dose of CY used was 90 mg/kg body weight. All inject ions of 
this agent were given i.p. every 7 days. 

Combination Therapy. When weekly CP was used in 

combinat ion with weekly CY, it was given 4 days fol lowing 
the CY. In this paper, the time between administ rat ion of 
chemotherapy (CY) and immunotherapy (CP) is referred to 
as the C-I interval. Animals in each t reatment  group were 
randomly distr ibuted so that femurs were obtained from 3 
mice in each group 4 days after each dose of CY (day of CP 
treatment) or 7 days after CY (day of next CY treatment). 

Bone Marrow Macrophage Assay. A modi f icat ion of the 
method of Bradley and Metcalf (3) used by us in previous 
studies and described in detail elsewhere (2) was  employed. 
No colony-st imulat ing factor was util ized. All animals were 
killed by cervical dislocation, immersed in ant isept ic solu- 
tion, and 1 femur was promptly removed by sterile tech- 
nique from each mouse. The marrow cell suspension was 
counted and diluted to contain 1 x 106 ce l ls /ml .  Then 1.5 ml 
of the cell suspension were added to 13.5 ml Medium 1066 
containing 1.8% methylcel lulose and 15% horse serum. One 
ml of the resulting suspension (containing 1 x 105 cells) was 
plated in each of 10 tissue culture dishes (35 x 10 mm; 
Falcon Plastics Company, Oxnard, Calif.). Plates were incu- 
bated at 37 ~ in a 10% CO2 atmosphere with 100% humidity 
for 7 days. After that period of incubation, discrete colonies 
of 25 or more cells, as well as small clusters o f  fewer cells, 
were found. The cells were morphological ly  s imi lar  to mac- 
rophages and, in addit ion, adhered to glass and phagocy- 
tized India ink particles. Identif ication marks on the plates 
were replaced by a code to ensure object ivi ty of the colony 
counts. Only groups of 25 or more cells arranged in a 
colony conf igurat ion were counted. All plates in an experi- 
ment were counted by 1 observer, but the results obtained 
by 3 different observers were in good agreement.  

Bone Marrow Macrophage Cytotoxicity Assay. To pro- 
duce large numbers of macrophages for cytotox ic i ty  test- 
ing, a colony-st imulat ing factor was added to the culture 
medium. Diluted BMC suspensions, obtained as described 
above, were added to an equal volume of mouse L-cell 
(NCTC clone 929) -condit ioned medium and 4 volumes of 
Medium 1066 containing 1.8% methylcel lu lose and 15% 
horse serum. The material was mixed for 15 min with a 
magnetic stirr ing bar, and 40-ml aliquots were placed in 
250-ml Falcon flasks. The flasks were incubated for 7 days 
in a 10% CO2 100% humidi ty atmosphere. At that  time, cells 
harvested were, but for a rare exception, macrophages. The 
morphology of these cells is currently be ing studied by 
electron microscopy to determine whether di f ferences exist 
between the cells produced in culture from the bone mar- 
row of tumor-bearing and normal mice. The rnacrophages 
were isolated from the culture medium by washing 4 times 
with 0.9% NaCI solution and resuspended in Earle's minimal 
essential medium with 30% fetal calf serum. The final sus- 
pension of macrophages contained 95 to 100% viable cells 
by the trypan blue exclusion test. 

The cytotoxici ty of the macrophages was assayed by the 
method previously described for lymph node cells (7). The 
cells to be tested were added to wells in microtest  plates 
which were covered by a monolayer of t u m o r  cells. Each 
plate included wells with no added cells, macrophages from 
nontumorous mice, and regional lymph node cells from 
tumor-bear ing mice, as well as the macrophages to be 
assayed. Plates were incubated for 48 hr, stained with crys- 
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tal violet, and examined. The wel ls were scored on a scale 
of 0 to 5 accord ing  to the area free of tumor  cells, zero 
indicating comp le te  coverage and 5 indicat ing complete 
absence of t u m o r  cells. The data are presented both as the 
index of t u m o r  cell destruct ion, representing the mean _+ 
S.E. of at least 30 wells, and the percentage of tumor  cell 
destruction. The latter compares the amount of tumor  re- 
maining in t reated wells to that in nontreated control  wells. 

Statistical Analysis. Student's t test was applied to col- 
ony format ion and cytotoxici ty of macrophages. Compar i -  
sons of resul ts between treatment groups were made only 
when all aspects of the exper iment were identical relative to 
age of tumor  and durat ion of t reatment and BMC's were 
s imul taneously  cultured or assayed for cytotoxici ty.  Num- 
bers of bone mar row cells per femur in 2 treatment groups 
were compared by means of paired compar ison testing. 

RESULTS 

Effect of CY,  Macrophage colony fo rmat ion  by 1 x 10 ~ 
BMC's obta ined from mice 4 days after CY treatment was 
increased over  that produced by such cells from 0.9% NaCI 
solut ion-treated animals. By 7 days after CY inoculat ion, 
colony p roduc t ion  had decreased so that it approximated 
that observed when BMC's were derived from 0.9% NaCI 
solution cont ro ls .  Each weekly dose of CY produced the 
same cyclic pat tern of colony format ion,  i.e., a signi f icant 
increase 4 days  later and a return to the control  level by Day 
7. This was observed (Table 1) th roughout  an 8-week treat- 
ment period. 

The number  of BMC's obtained from femurs of CY-treated 
mice demonstrated an inverse relat ionship to the macro- 
phage colony product ion (Table 1). At 4 days, the number of 
BMC's in CY-treated animals was lower than in the 0.9% 
NaCI solut ion-treated controls. By 7 days, the values were 
approximately the same in both groups. As a result of the 
inverse re lat ionship between colony product ion and num- 

ber of BMC's per femur, the number  of colonies per femur 
was not signif icant ly altered by CY, but, in most instances, 
the value was lower than in the controls.  The cytotoxic i ty  of 
the macrophages obtained f rom cultured BMC's was not 
affected by the administrat ion of CY. As many as 12 weekly 
inject ions failed to d iminish that property of the cells (Table 
2). 

Effect of CP and CY. Treatment  of mice with CP in addi- 
t ion to CY produced a simi lar cycl ic pattern of macrophage 
colony format ion and of number  of BMC's per femur, as was 
observed when animals were treated with CY alone (Table 
3). However, whereas, fo l lowing CY treatment alone, the 
number of macrophage colonies per plate of the treated 
group approximated that of the 0.9% NaCI solut ion cont ro ls  
at 7 days fo l lowing drug adminis t rat ion,  the addit ion of CP 
to the t reatment resulted in a level of macrophage co lony 
product ion that remained greater than that of 0.9% NaCI 
solut ion contro ls at that t ime. In addit ion, when CP was 
used, the number of colonies per femur was consistent ly 
greater than that of the 0.9% NaCI solut ion contro ls,  in 
contrast to that observed when only CY was administered.  

When direct  compar isons were made between the 2 treat- 
ment groups (CY versus CP + CY), there was a reduct ion in 
number of BMC's / femur  4 days after CY fol lowed by a 
recovery. At the various t imes of treatment,  both reduct ion 
and recovery were pract ical ly equivalent in the 2 groups (p 
> 0.05) (Table 4). Macrophage colonies per plate or macro- 
phage colonies per femur were always greater when CP was 
administered with CY, and the di f ference was almost always 
statistically signif icant. The addi t ion of CP to CY was with- 
out effect relative to alterat ion of cytotoxic i ty of the macro- 
phages derived from CFC (Table 2). 

DISCUSSION 

These studies have demonstrated that each weekly suble- 
thal dose of CY given to a tumor-bear ing animal resulted in 

Table 1 
Effect of CY on macrophage colony production by BMC's from tumor-bearing mice 

Days No. of No. of BMC's/femur (x 106) No. of colonies/plate (1 x 105 BMC's) No. of colonies/femur (x 103) 
of ex- 

Dose treat- peri- 0.9% NaCI solu- 0.9% NaCI solu- % 0.9% NaCI so- % 
of CY" ment ments tion CY tion (A) CY (B) (B/A) lution (C) CY (D) (D/C) 

1 0 
4 4 9.1 _ 0.63 b 4.8 _+ 0.29 89.5 __+ 7.21" 234.3 ___ 23.16 261" 8.5 • 0.80 11.6 _ 1.31 136 

2 7 4 10.9 _+ 0.17 9.7 _ 0.59 67.0 _+ 6.51 68.9 -4-- 5.23 102 7.4 _ 0.75 6.9 • 0.49 93 
11 2 9.0 6.5 51.2 +_ 3.26 96.1 -+ 5.04 187" 5.2 _ 0.32 4.7 _+ 0.35 91 

3 14 4 10.4 • 0.84 11.5 +_ 1.44 81.5 __+ 7.53 53.2 _+ 5.19 65 8.7 • 0.82 6.5 _ 0.76 75 
18 4 10.6 ___ 0.74 4.3 _+ 0.63 38.6 _+ 4.18 117.8 _+ 21.02 305" 4.4 _ 0.34 4.1 _ 0.50 94 

4 21 6 12.0 _+ 0.45 8.1 _+ 1.67 52.0 _+ 3.38 67.1 _+ 5.45 129 6.3 -*- 0.42 6.5 • 0.43 104 
25 2 10.6 5.6 53.6 _ 2.36 111.1 _ 8.84 207d 6.1 • 0.55 5.2 _+ 0.29 84 

7 42 2 14.9 14.9 21.1 _ 2.67 15.6 _ 1.19 74 3.1 _ 0.39 2.5 _+ 0.19 83 
46 2 11.9 3.9 45.5 _ 4.62 79.7 ___ 5.32 175d 6.7 +-- 0.68 6.6 -- 0.44 98 

8 49 2 14.1 12.5 49.3 --+ 4.99 51.1 --+ 2.73 103 6.5 • 0.47 6.3 • 0.36 97 
53 3 11.0 --+ 0.83 7.1 • 0.90 54.8 -- 2.83 86.3 -- 5.77 157" 6.2 • 0.43 7.7 -- 0.97 123 

CY, 90 mg/kg, every 7 days. 
Mean _ S.E. 

' Mean _ S.E. of total plates; 10/experiment. 
" p  < 0.001. 
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Table 2 
Effect of CP and~or CY on macrophage cytotoxicity 

Each time interval provides results of 1 experiment. 

Days of 
treat- 
ment Normal control Tumor control CY CY + CP 

4 0.40 +_ 0.04 a 3.65 +_ 0.09 4.42 ___ 0.09 
(4.8) b (72.0) (88.0) 

7 0.18 _ 0.07 3.25 +_ 0.08 3.43 • 0.09 3.37 • 0.09 
(1.1) (64.1) (67.8) (66.6) 

11 0.15 +_ 0.07 3.15 • 0.06 3.30 • 0.08 3.73 • 0.08 
(0.5) (62.1) (65.1) (74.0) 

14 0.20 +_ 0.07 3.30 +_ 0.08 3.40 • 0.09 3.58 • 0.11 
(2.1) (65.4) (67.4) (71.1) 

42 0.28 +_ 0.08 3.72 _+ 0.09 3.59 • 0.10 3.62 _ 0.13 
(0) (72.9) (70.2) (70.8) 

63 0.17 • 0.04 No 3.10 +_ 0.10 3.15 • 0.09 
(3.3) survivors (60.4) (61.5) 

95 0.30 ___ 0.08 No 2.80 _+ 0.12 3.00 • 0.12 
(5.1) survivors (55.6) (59.6) 

98 0.15 _ 0.06 No 3.15 _+ 0.10 2.83 • 0.14 
(2.9) survivors (62.0) (55.4) 

a Index of tumor cell destruction; mean _ S.E. of 30 wells. 
b Numbers in parentheses, percentage of tumor cell destruction. 

a signif icant suppression in the number of BMC's. By the 
time of the next injection, however, marrowcel lu lar i ty  had 
returned to approximately its pretreatment level. That cyclic 
pattern persisted unchanged even after as many as 11 con- 
secutive weekly treatments. These f indings have added to 
those of others (4) which have indicated that, fol lowing a 
single dose of CY, myelosuppression was most marked 
about 4 days after therapy and that, subsequently, the bone 
marrow was rapidly reconstituted. At a time (4 days after 
each dose of CY) when the total number of BMC's was 
reduced, the proportion of remaining cells that con- 
sisted of CFC was signif icantly increased over that found in 
the marrow of normal mice. When the marrow population 
became reconstituted, the proport ion of CFC once again 
approximated that in nontreated controls. Thus, the total 
number of CFC in the marrow was at no time fol lowing CY 
therapy signif icantly less than the number in marrow of 
untreated mice. The supranormal proportion of CFC ob- 
served 4 days after treatment coincides with the f indings of 
Fried and Johnson (12) who noted that the "endocoloniz- 
ing" potential of hematopoietic stem cells, i .e., their ability 
to colonize in the spleen of the same animal after lethal X- 
irradiation with a portion of the body shielded, was en- 
hanced 4 days after a single injection of CY. 

Several explanations for the f indings occurring after CY 
therapy may be considered. That there was a preferential 
sparing of CFC by CY seems unlikely, since the primary 
effect of the hematopoietic insult is on stem cells rather 
than on those that have differentiated. That the increased 
proport ion of CFC was the result of a more rapid migration 
of the mature elements of the marrow to repopulate periph- 
eral sites depleted by the CY cannot be totally discounted. It 
is more likely, however, that there occurred an acceleration 
in the rate of replication of surviving hematopoietic stem 
cells with a concomitant increase in CFC. 

The observation that there was a significantly increased 
number of CFC when CP was added to the treatment regi- 

men with CY is a salient finding of these investigations and 
requires consideration, particularly in relation to the syner- 
gistic inhibit ion of tumor growth resulting from administra- 
tion of both agents. Not only was there an increase in the 
proportion of CFC at a time when there was a depression in 
the total number of marrow cells as a result of the CY, but 
this was also evident when marrow restoration, i .e., total 
numbers of cells, had returned to normal levels. The finding 
that the number of colonies per femur was greater at all 
times during the combined CP and CY therapy than during 
CY therapy alone indicates that the increase in CFC due to 
CP was not only a relative one, but was absolute as well. 

Recently, we reported (8) that macrophages, which are 
constituents of the colonies formed when bone marrow 
cells (CFC) are cultured in semisolid medium, are specifi- 
cally cytotoxic to cells from the immunizing tumor. The 
f indings have indicated that the cytotoxicity of the macro- 
phage originates in its ancestral stem cell or CFC. It is those 
cells which become "programmed" to transmit that quality 
to macrophages. Moreover, it has been postulated that 
receptor sites of the CFC (or stem cells) that respond to a 
stimulus for self-replication are probably different from 
those sites that, when activated, result in cytotoxic proper- 
ties of their progeny. The present f indings concur with 
those conclusions, for they have indicated that the propor- 
tion (percentage) of cytotoxic i ty remained relatively con- 
stant, despite the variations in numbers of CFC present, as a 
result of therapy with CP and/orCY.  Such f indings suggest 
that factors responsible for increasing the CFC population 
do not selectively stimulate precursor cells responsible for 
production of the cytotoxic macrophage. They provide fur- 
ther evidence indicating that macrophage colony produc- 
tion and macrophage cytotoxicity are the result of separate 
mechanisms. 

These investigations, together with those previously 
noted, suggest that CP directly stimulates marrow stem 
cells and/or CFC to self-replicate, thus increasing the host 
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capabil i ty for macrophage product ion,  but does not selec- 
tively inf luence the cytotoxici ty of those cells�9 Since the 
proport ion of cytotoxic cells remains constant, it would 
seem that CP exerts its effect on bone marrow cells in a 
nonspecif ic manner, in contrast to its specif ic effect on 
lymph node cell cytotoxic i ty (7)�9 

Al though the proport ion of cytotoxic cells was not altered 
by the CP being administered with CY, the absolute number 
of such cells was increased by virtue of the prol i ferat ion of 
CFC. Since the increase in macrophage colony product ion 
(and, consequently,  in cytotoxic macrophages) obtained 
when CP was used with CY correlates with increased tumor 
growth inhibi t ion,  it is suggested that macrophage precur- 
sors are the cells of pr imacy in CP immunopotent iat ion�9 
Their st imulat ion, resulting in enhanced cytotoxic macro- 
phage format ion,  could be responsible for the augmented 
inhibi t ion of tumor growth observed in our model system�9 

A number of other considerat ions have resulted as a 
consequence of these investigations. It had previously been 
postulated by us that the transient durat ion of the enhanced 
CFC product ion in tumor-bear ing mice was the result of a 
negative feedback inhibi t ion and that the increase in CFC 
occurr ing in mice treated with CP at a t ime when st imula- 
t ion due to the tumor had already ceased was, at least in 
part, the result of the interrupt ion of such a mechanism by 
the CP. The present f inding indicat ing that, when CP was 
administered, CFC product ion was increased over that 
which resulted in response to the defici t  induced by CY 
suggests that the effect of CP under such circumstances is 
probably the result of direct st imulat ion of CFC or their 
precursors by the CP, because it is unl ikely that a negative 
feedback mechanism is operational at a t ime when the 
hematopoiet ic insult by CY had not yet been corrected. 

Direction of attention only toward an assessment of num- 
bers of marrow cells present fo l lowing CY therapy with or 
wi thout CP would have resulted in the erroneous conclu- 
sion that CP was wi thout beneficial effect on bone marrow, 
since there was no evidence that numbers of bone marrow 
cells had been increased or prevented from decreasing by 
the administrat ion of CP. In fact, the number of bone mar- 
row cells per femur was sl ight ly less when CP was adminis- 
tered with CY than when CY alone was used. The latter 
observation is of part icular interest in view of recent f ind- 
ings by us (9) indicating that, when CP was used with CY, an 
alteration in the metabol ism of CY resulted. With '4C-labeled 
CY, it was found that, whi le total plasma radioactivity was 
similar in mice treated either with CY alone or with CP and 
CY, the proport ion of total activity due to nonmetabol ized 
CY was greater when CP was used. The possibi l i ty is con- 
sidered that, because of the slowing of metabol ism fol low- 
ing CP, a more sustained CY effect results which could be 
associated with a more profound myelosuppression. Per- 
haps this might at least in part account for the observed 
slight decrease in number of bone marrow cells when CP 
was given with CY. Whatever the explanation, the f indings 
may seem antithetical to the premise that CP may attenuate 
myelosuppression due to chemotherapy (14), since they 
indicate that CP stimulates the number of cells entering into 
dif ferentiat ion whi le only sl ight ly affecting the total bone 
marrow populat ion. The lack of an increase in, or even 
prevention of a loss of, BMC's dur ing the t ime period of 
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t hese  o b s e r v a t i o n s  is p r o b a b l y  i n d i c a t i v e  of  the  rap id  e g r e s s  

o f  CFC and  t h e i r  p r o g e n y  f r o m  m a r r o w  in r e s p o n s e  to  the  

need fo r  e l i m i n a t i o n  o f  e x t r a m e d u l l a r y  d e f i c i t s .  W h i l e  the  

p r e s e n t  s t u d i e s  have  no t  been  c a r r i e d  o u t  to  d e t e r m i n e  

w h e t h e r  t h e r e  is a m o r e  rap id  r e s t o r a t i o n  o f  t he  to ta l  mar-  

r o w  cel l  p o p u l a t i o n  to  n o r m a l  w i t h  the  use of CP,  it m i g h t  be 

a n t i c i p a t e d  t h a t  s u c h  o c c u r s .  T h u s ,  it w o u l d  seem t h a t  w h e n  

m y e l o s u p p r e s s i o n  is a l i m i t i n g  f a c t o r  in the  use of  a c h e m o -  

t h e r a p e u t i c  a g e n t ,  the  c o n c o m i t a n t  use o f  CP may  be ad-  

v a n t a g e o u s .  H o w e v e r ,  the  use of  to ta l  c e l l u l a r i t y  as an i n d e x  

o f  the  CP m a r r o w - s p a r i n g  e f f ec t  m a y  be m i s l e a d i n g .  
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