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Abstract

Hofirek B., J. Drabek: Cytostatic Effect of Cyclophosphamide on Bone Marrow
in Sheep. Acta vet. Brno 49, 1980: 217-222.

Cyclophosphamide (25 mg. kg -1) at a concentration of 2 % was administered
intravenously to Merino sheep. A cytologic picture of bone marrow prior to and
22 days post administration was followed.

Following the administration of the cytostatics a short-term and temporary de
pression in hemopoiesis was observed, the red component of bone marrow being
more affected. In the white component only more mature cells (neutrophil meta
myelocytes and stab granulocytes) were decreased in number. In both bone marrow
components the short-term depression lasting 2-4 days was followed by an increase
both in erythro- and myelopoiesis, persisting throughout anemia or leukopenia in
peripheral blood. It was found that the administration of cyclophosphamide at
this dose does not induce permanent effects in bone marrow which preserves its
full regeneration ability. This conclusion is also confi med by the modification
of peripheral blood picture and by the course of experiment when no disturbance in
clinical condition of sheep appeared.

Sheep, cytostatics, cyclophosphamide, blood, bone marrow.

Considering the development of sheep breeding and the increase of their stock, the intensive
technology of their rearing, facilitating high productivity, is important for Czechoslovakia. One of
the problems to be solved is the replacement of tiresome labour connected with mechanical wool
shearing. Moreover, the problem is aggravated by a persisting lack of skilled clippers. Possibili
ties are, therefore, sought in the rationalization of this labourious task, particularly by using the
chemicals with cytostatic effects affecting also the hair follicles.

Cytostatics are known to influence all cells of a living organism and it is, therefore, necessary
to examine possible negative effects upon the sheep health condition. One of the chemicals consi
dered is cyclophosphamide.

Dolnick et aI. (1969) was one of the first who studied the possibility of chemical release of
fleece; he proved that the dose of 30 mg. kg -1 was not toxic for sheep. When studying the side
effects of cyclophosphamide the changes of some hematologic or biochemical values of blood were
followed. Ziegler et aI. (1972) demonstrated that after intraruminal administration of 30 mg kg :"
significant leukopenia occurred at 8th day, reaching half the normal value, and lasting till the 27th
day. Almost no effect was observed on erythrocytes and hemoglobin. Skalka et aI. (1972) applying
a dose of 20 mg.kg-! removed the fleece during 14th - 21st day following the cyclophosphamide
administration. They also examined its effect upon the blood picture of experimental sheep. The
decrease of leukocyte count was found to be most striking whereas the hemoglobin and hematocrit
values decreased only on the 3rd-5th day, other hematologic and biochemical values (transaminases
GOT, GPT, total protein, bilirubin, glucose, P, Mg, Cu and Fe) not showing significant changes
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in mean values. In our previous work (D r abe k, H 0 fi r ek 1977), concerned with the same problem,
we found that following a dose of 25 mg . kg -1 of cyclophosphamide a significant decrease of
erythrocyte count, hemoglobin and hematocrit had occurred. The induced anemia was of macro
cytic and normochromatic character and in no case reached the clinical stage. Extensive leuko
penia and changes in the white cell count also appeared.

In our previous paper (Dra bek, Hofirek 1977) as well as in this work the results of cytostatic
effect of cyclophosphamide on bone marrow of experimental sheep have been presented. There
are no available literature data concerning this topic although this problem has been studied in
man. Fernbach (1967) reported that elevated and repeated doses of cyclophosphamide in man.
inhibited the bone marrow function, resulting consequently in neutropenia, thrombocytopenia.
and anemia.

Materials and Methods

Cyclophosphamide (2 % solution) was intravenously administered in a single dose of 25 mg..
. kg -1 to eight clinicaly healthy I-year-old Merino sheep. The experiment was carried out in No
vember and December. During 24 days of experiment the samples of bone marrow and peripheral
blood were collected six times, i.e, I x prior to and 5 x after the cytostatics application (day 2, 4, 8"
10 and 22 of experiment).

The bone marrow was taken by sternal punction using the aspiration method. From the obtained
samples the marrow smear was prepared on glass slides and stained according to May-Griinwald
-Giemsa. From the smear of each sheep at least 500 cells of leukocytic maturation series (expressed
in %) and corresponding number of erythrocytic maturation series were evaluated. From the
results obtained the maturity index and the myeloid: erythroid ratio were calculated.

From the peripheral blood the erythrocyte (RBC) and leukocyte (WBC) counts were determined
on a Coulter-Counter Model DN automatic counter.

Results are summarized in Table 1 and Fig. 1 and 2.

Results and Discussion

Our results have shown a short-term but marked cytostatic effect of cyclo
phosphamide on bone marrow.

In the erythrocyte maturation series of bone marrow (Table 1 and Fig. 1) follow-

Table 1

Dynamics of changes in sheep bone marrow following I, v, administration of 25 me. kg-1

cyclophosphamide

Day of sampling 2 2 4 8 10 22

1.4 ± 0.5

5.9 ± 1.0
7.6 ± 1.0

1.6 ± 0.4
2.5 ± 0.8

5.3 ± 1.5

4.5 ± 1.5
5.9 ± 1.4

1.6 ± 0.6
1.2 ± 0.4

3.4 ± 0.7

9.2 ± 1.2 8.8 ± 1.1 10.8 ± 1.4
19.0 ± 3.6 12.4 ± 3.2 14.0 ± 6.8 I
35.8 ± 11.9 I 46.1 ± 9.1 50.2 ± 11.8

29.8 ± 10.6 23.3 ± 9.2 I 22.6 ± 8.6 11

100 WO 100
2.4 ± 1.1 2.4 ± 1.0 1.6 ± 0.4 ]
3.0 ± 0.8 3.2 ± 1.1 2.0 ± 0.8 I

11.4 ± 1.5 15.2 ± 2.2 10.9 ± 1.5
92.4 ± 19.1 70.1 ± 21.6 95.0 ± 24.2 i

135.2 ± 26.7 113.8 ± 28.2 1113.2 ± 22.2 i
244.4 ± 58.7 204.7 ± 48.6 222.7 ± 50.6 :

0.28 0.31 I 0.20 '
0.28 0.37 0.34

9.2 ± 2.9
4.5 ± 0.8

2.2 ± 1.1
2.1 ± 0.9

2.2 ± 0.7

7.3 ± 2.2
7.9 ± 2.8

46.0 ± 6.8

32.3 ± 11.2
100

1.6 ± 0.4
2.2 ± 1.0
7.4 ± 2.2

32.1 ± 4.1
45.6 ± 7.8
88.9 ± 21.6

0.25
0.76

8.3 ± 2.5
5.5 ± 0.9

25.2 ± 11.2
100

0.4 ± 0.2
2.0 ± 0.7
5.7 ± 1.6

27.4 ± 3.8
38.4 ± 5.8
73.9 ± 22.4

0.08
1.01

0.6 ± 0.2
1.0 ± 0.4

2.4 ± 0.7

2.7 ± 0.7
4.6 ± 1.7

63.5 ± 19.1

I 5.6 ± 1.2
I 7.3 ± 1.2

---------------------

10.5 ±
10.5 ± 2.1

Peripheral blood: I
RBC (million/mml)
WBC (thousand/mml)

Bone morrov:
Myeloblasts
Promyelocytes
Neutrophilic

myelocytes
Neutrophilic

metamyelocytes
Neutrophilic stab cells
Neutrophils
Eosinophils, basophils,

lymphocytes, mono
cytes

Total myeloid cells %
Proerytroblasts
Macroblasts
Normoblasts bas.
Normoblasts poly.
Normoblasts oxy.
Total erythroid cells
Maturity ratio
Myeloid/erythroid ratio
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Figure 1:

Changes in number of bone marrow erythroid cells in
sheep following i. v, administration of 25 mg kg -1

of cyclophosphamide
--' normoblasts oxyphilic; - - - - normoblasts poly

chromatophilic; .... normoblasts basic;
- - .. - - .. macroblasts ; -.-.-. proerythroblasts
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ing changes were observed: already on the 2nd day following the cytostatics admi
nistration the decrease of proerythroblasts was observed but from the 4th day
a gradual increase, reaching its peak between day 8 and 10, was recorded. At the
end of experiment on the 22nd day the count of these cells was equivalent to that
before the cytostatics application. Similar tendency could be observed in macro
blasts. All forms of normoblasts reacted to administered cyclophosphamid in the
same way although in this case
the depressiveeffectofcytostatics
was more pronounced, particu
larly in oxyphilicand polychrom
atophilic normoblasts. Generally,
the changes in erythrocyte ma
turation series of bone marrow
can be characterized by an ery
thropoietic depression till the
4th day after the cytostatics
administration followed by a
hyperfunction induced by per
sistent anemia in peripheral blood
lasting practically till the end
of experiment. This observation
is supported also by a total num- _ 60

w
ber of cells of erythrocytic ma- u

turation series where the original '0 50

value of 162.6 ± 49.7 prior to ~ 40

cytostatics application decreased ~

on the 2nd and 4th day to only c 30

73.9 ± 22.4 and 88.9 ± 21.6,
resp. From the 8th day persistent
hyperplasia of bone marrow, the
cell count being over 200, and
lasting till the end of experiment,
has been observed.

In leukocyticmaturation series
ofneutrophilgranulocytes (Table
I and Fig. 2) following changes
have also appeared: shortly after
cyclophosphamide administra
tion the mature neutrophilic gra
nulocytes found in bone marrow
increased which was followed
immediately by their decrease,
reaching a minimum on the 8th
day. At this time also leukopenia was culminating in peripheral blood. Later an
increase of these cells in bone marrow appeared so that at the end of our experiment
their count returned to the original value prior to cytostatics application. A some
what different reaction was observed in stab neutrophil granulocytes and neutro
phil metamyelocytes. The myelopoiesis depression of these cells reached the mini
mum already on the 2nd day after the cyclophosphamide application but was imme
diately followed by its increase; otherwise the tendency was the same as in the case
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Figure 1:

Changes in number of bone marrow myeloid cells in
sheep following i. v. administration of 25 mg kg -1 of

cyclophosphamide
-- neutrophils; .. - .. stab neutrophils;

.. - - .. - - rnetamyelocytes neutrophilic; .... myelocytes
neutrophilic; - - - - - promyelocytes; . - . - . ~ myeloblasts
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of neutrophil granulocytes. This
provocation of myelopoiesis is
probably the result of persisting
leukopenia in peripheral blood.
The depressive effect of cyclo
phosphamide on the formation
of myeloblasts, promyelocytes
and neutrophil myelocytes was
not observed but their later
myelopoiesis is well evident,
being most pronounced in the
case of neutrophil myelocytes
which reach their culmination
on the 10th day following the
cytostatics administration. The
reaction of promyelocytes and
myeloblasts was essentially the
same. At the end of our exper
iment (day 22) the number of
all these cells was returning to
the original values found prior
to cyclophosphamideadministra
tion.

When evaluating changes in
white component of bone mar
row in comparison with changes
in the red one a certain difference
could be observed. All cells of
the red component of bone mar
row reacted identically, which
was not the case of white com
ponent, particularly immediately
after the cyclophosphamide ad
ministration. Quite a short-term
increase in the count of mature
neutrophilic granulocytes can be

explained as a response to cyclophosphamide administration which, before exhibit
ing its cytostatic effect, acted shortly as an antigen, this being the reason why
the depression has probably been observed in most immature cellsof white myeloid
series of bone marrow.

When evaluating the overall effect of cyclophosphamide on bone marrow we
believe that the influence of these cytostatics on the red component is more marked
than on the white one. The results of our experiment have, however, shown that
the depressive effect of these cytostatics on hemopoiesis is only a temporary one
with short duration and that both erythropoiesis and myelopoiesis are not perma
nently suppressed. On the contrary, both components preserved their ability of
rapid regeneration which was manifested by increased erythropoiesis and myelo
poiesis throughout anemia and leukopenia in peripheral blood. It can therefore,
be generally said that the intravenous administration of 25 mg . kg-1 of cyclo
phosphamide to sheep does not result in permanent damage of bone marrow which
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preserves its ability of full regeneration. This conclusion is further confirmed by
the modification of peripheral blood picture and by the course of experiment
when no disturbances of clinical condition of sheep appeared. Thus we essentially
confirmed the results of other authors, even though different parameters were
followed, reporting that the administration of a reasonable dose of cyclophospha
mide for the purpose of chemical fleece removal is not toxic (Dolnick et al.
1969; Ziegler et al. 1972; Skalka et al. 1972; Drabek, Hofirek 1977).

Cytostaticky ucinek cyklofosfamidu na kostni dfen ovci

Ovcim plemene zirne merino byl aplikovan i. v. cyklofosfamid v davce
25 mgjkg -1 ve 2°~ koncentraci. Byl sledovan cytologicky obraz kostni drene
pied aplikaci a 22 dnu po aplikaci.

Po podani cytostatika byla zaznamenana kratkodoba a prechodna deprese
hemopoesy, pficemz byla postizena vice cervena slozka kostni drene, U bile slozky
doslo k depresi jen u zraleisich bunek (neutrofilni metamyelocyty a tyckovite
granulocyty), U obou slozek kostni dfene po kratkodobe depresi trvajici 2-4 dny
doslo ke zvyseni jak erytropoesy tak myelopoesy, ktere trvaly po celou dobu anemic
nebo leukopenie v periferni krvi. Bylo zjisteno, ze podavani cyklofosfamidu v uve
dene davce nevyvolava trvale nasledky v kostni dreni, ktera si uchovava schopnost
plne regenerace. Tento zaver potvrzuje take uprava periferniho krevniho obrazu
a cely prubeh experimentu, kdy nedoslo k naruseni klinickeho stavu ovci,

UHTOCTaTHtIeCKOe B03.n;eHCTBHe :qIlKJIocpocepaMH.n;a na KOCTHLIH Moar oneu

MHCHbIM MepHHOCOBbIM OB~aM BBO.ITtHJICH HHTpaBeHoaHO ~HKJIo<I>ocepaMH.ITt .ITtO

aOM 25 Mr Kr-·1 B 2 % KOH~eHTpa~HH. IIpoBo,UHJIHCh Ha6JIIO,UeHHH 3a ~H'TOJIOrH

qeCKOH KapTHHoM KOCTHoro M03ra nepen BBO,Il.OM H 22 ,Il.HH rrOCJIe HCrrOJIh30BaHHH.

IIocJIe rrO,Il.aqH ~HTOCTaTHqeCKHX rrperrapaTOB OTMeqaJIaCh KpaTKoBpeMeHHaH

H nepexonamaa nenpeccas reMOH93a, npa 9TOM 60JIhIIIe nocrpana,n xpacasrii
KOMrrOHeHT KOCTHoro xosra. Y 6eJIoro KOMrrOHeHTa HMeJIa MeCTO nenpeccaa JIHIIIb

y 60JIee coapesurax KJIeTOK (HeHTpoq,HJIbHble MeTaMHeJIO~HTbI H rraJIOqKOBH,Il.Hhle

rpanyJIO~HTbI). Y 060HX KOMrrOHeHTOB KOCTHoro M03ra rrOCJIe KpaTKoBpeMeHHoM

nerrpeccan rrp0,Il.OJIiKHTeJIhHOCThIO 2 - 4 ,Il.HH rrOBbICHJIHCh He TOJIhKO 9pHTporr093,

HO H MHeJIOrr093, ,UJIHBIIIHeCH B TeqeHHe ncero nepaozra aHeMHH HJIH JIeMKOrreHHH

B rrepHq,epHMHOM KpOBH. BbIJIO yCTaHOBJIeHO, qTO nonaaa ~HKJIoq,ocq,aMH.naB rrpn
seneaaoa nose He BbI3bIBaeT HHKaKHX rrOCJIe,Il.CTBHM B KOCTHOM M03ry, KOTOphIM

coxpaaaer cnocofinocrr, K rrOJIHOM pereaepauaa. IIo,Il.TBepil<,ZI.eHHeM ,Il.aHHOrO BhIBO

,Il.a HBJIHeTCH TaKiKe rrpacnocofineaae rrepHq,epHMHOM KapTHHhI H sees XO,II. axcne
pHMeHTa, xorna He HMeJIH MeCTa HapyIIIeHHH KJIHHHqeCFOrO COCTOHHHH OBe~.
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