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Effect of Chloramphenicol on Colony 
Formation From Erythrocytic Precursors 

Hiroshi Hara, Masatoshi Kohsaki, Kohji Noguchi, and Kyoyasu Nagai 
Blood Transfusion Center and Second Department of Internal Medicine, Hyogo College 
of Medicine, Nishinomiya Hyogo, Japan 

In the  present experiments, we compare the behavior of erythropoietic precur- 
sors and granulocytic precurosors exposed t o  chloramphenicol. Subcutaneous 
injection of 20 mg of chloramphenicol sodium succinate on five successive days 
induced a reduction in the number of erythrocytic colony-forming units 
(CFU-E) and erythropoietic burst-forming units (BFU-E) in murine marrow 
and spleen, while no change in number of granulocytic precursors (CFU-C) 
in murine hemopoietic organs was observed. 

In vitro studies demonstrated concentration-dependent inhibition of chlor- 
amphenicol or chloramphenicol sodium succinate in the colony formation of 
all these precursors from murine and human bone marrow. However, erythro- 
poietic burst formation of murine and human BFU-E was completely sup- 
pressed by the addition of chloramphenicol o r  chloramphenicol sodium 
succinate to  the culture medium at therapeutic concentrations (20-40 
Pfdml). 

From the present results, it can be concluded that the reduced number of 
BFU-E in mice after injection of chloramphenicol sodium succinate resulted 
from the selective toxicity of chloramphenicol t o  BFU-E at therapeutic con- 
centrations. 

Key words: chloramphenicol, erythrocytic precursors, drug toxicity, granulocytic precursors, bone 
marrow culture 

INTRODUCTION 

Chloramphenicol (CP) has the property of inducing hemopoietic suppression, usually 
manifested as reversible erythrocytic depression [ 1, 21 , which has been demonstrated to 
be proportional t o  mitochondria1 injury [3] . Although the behavior of  murine pluripotent 
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stem cells (colony-forming units in spleen: CFU-S) and granulocytic precursors (colony- 
forming units in culture: CFU-C) during exposure to CP has been investigated [4, 51, the 
response of erythrocytic precursors such as erythrocytic colony-forming units (CFU-E) 
and erythropoietic burst-forming units (BFU-E) to CP has not been described, except by 
Yunis and Adamson [6].  In the present communication, we report on the influences of 
CP on erythrocytic precursors in vivo and in vitro. 

MATERIALS AND METHODS 

(2.57 BL male mice, weighing 25-30 gm, produced in our colony were used. Crystal- 
line CP and CP sodium succinate (CPS) were provided by the Sankyo Company, Tokyo. 

In Vivo Experiments 

ml of saline on five successive days. Equivalent volumes of saline were administered to 
control mice. The animals were sacrificed by cervical dislocation 48 hours after the last in- 
jection. The marrow cells obtained from the femurs were cultured by methods described 
below. 

The mice were subcutaneously injected with 20 mg of CP sodium succinate in 0.5 

In Vitro Experiments 

gauge needle into alpha medium (Flow Laboratory, Rockville, Maryland). Spleens removed 
from mice were teased with forceps in 10 ml of alpha medium in a tissue culture dish until 
splenic capsules were separated from cells. Single-cell suspensions from bone marrow or 
spleen were prepared by passage through a No. 27 gauge needle and repeated pipetting. 
Human marrow cells were obtained from a normal volunteer and patients with anemias or 
lymphoma, as presented in Table I .  The bone marrow fluids obtained by aspiration were 
spun down at 1,000 rpm for 10 minutes. The buffy coats were aspirated by pasteur pi- 
pettes, and single-cell suspensions in alpha medium were prepared by repeated pipetting. 
The culture technique of murine erythrocytic colonies and erythropoietic bursts used in 
the present experiments has been described by Iscove and Sieber [7]. The technique used 
for human erythrocytic colonies and erythropoietic bursts followed Ogawa et a1 [8]. 
Briefly, 1 X l o 5  marrow cells from mice or humans were plated in 35-mm Lux standard 
nontissue culture dishes (Flow Laboratory) in a 1-ml mixture containing alpha medium, 
0.8% methycellulose (Fisher Scientific, Norcross, Georgia), 1% bovine serum albumin 
(Calbiocheni, San Diego, California), 30% fetal calf serum (Flow Laboratory), and four 

Bone marrow cells were obtained from mice femurs by flushing out with a No. 23 

TABLE I. Sources of Human Bone Marrow 

Patient diagnosis 

~~ 

WBC Heinatocrit Condition of 
(per MU (‘6 1 bone marrow 

1. Normal 6,800 .47 Normal 
2. Iron-deficiency anemia 8,100 .29 Erythroid hyperplasia 
3. Hereditary spherocytosis 17,800 .38 Erythroid hyperplasia 
4. Iron-deficiency anemia 6,500 .25 Erythroid hyperplasia 
5. Lym p hosar coma 5,600 .42 Nornial marrow without 

infiltration 

aPacked cell volume. 
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units of human urinary erythropoietin (EPO) (38.3 units/mg) provided by the National 
Heart and Lung Institute (USA), along with various concentrations of CP or CPS. For 
murine cell culture, mercaptoethanol (Wako Junyaku, Osaka) at a final concentration 
of 1 X M was added to the medium. The bovine serum albumin had been deion- 
ized according to the method of Tepperman et a1 [9] and EPO had been dialized against 
alpha medium for 36 hours with three exchanges [ lo ] .  

C02  in air. Erythrocytic colonies containing more than eight cells were counted after 
two days incubation for murine marrow cells on the basis of the unique morphology [7] 
and after five days incubation for human marrow cells on the basis of hemoglobiniza- 
tion. Erythropoietic bursts composed of more than 50 cells were counted after 9 days 
incubation for murine cells, while bursts containing more than 500 cells were counted 
after 14 days for human cells [l 11 . 

For macrophage-granulocytic (M-G) colony formation, 1 X 1 O5 human marrow cells 
or 5 X lo4 murine marrow cells were put into a dish containing 1 ml of a mixture com- 
posed of alpha medium, 0.8% methylcellulose, 20% fetal calf serum, and 20% conditioned 
medium. L cell-conditioned medium [12] was used as a source of colony-stimulating 
factor (CSF) for murine CFU-C. For human CFU-C, leukocyte-conditioned medium [13] 
was added to the culture medium as a source of CSF. Colonies containing more than 50 
cells were scored as M-G colonies on day 7 for murine marrow cells and on day 10 for 
human marrow cells. 

The EPO dose-response studies carried out produced a plateau in the number of 
erythropoietic bursts formed at 4.0 units/ml. In these studies plateaux in the number of 
M-G colonies from murine and human CFU-C were also observed at a 20% concentration 
of each conditioned medium. 

The plates were incubated at 37°C in a humidified atmosphere and flushed with 5% 

RESULTS 

In  Vivo Effects of CPS on Murine Hematopoietic Precursors 

The only significant hematologic impairment in peripheral blood from mice after 
CPS injection was a fall in reticulocyte count (see Table 11). The changes of CFU-C, CFU-E, 
BFU-E, and nucleated cell counts in femur and spleen caused by the administration of CPS 
are presented in Table 111. No significant influence of CPS on the number of CFU-C in the 
bone marrow and the spleen was demonstrable. 

TABLE 11. Effects of Chloramphenicol Sodium Succinate on Hematologic Indices 

HemdtoCrit Reticulocyte Granulocyte count 
Treatment (%I (%) (per ~ 1 )  

None 49.1 f 3.1 2.3 t 0.3 3,340 f 610 
Saline 49.4 i 4.1 2.4 f 0.3 3,560 i 700 
CP Sa 48.2 t 2.9 1.2 t 0.2 2,920 i 710 
Results are mean i SEM of more than five experiments. Each experiment 
involved four mice. 

aMice were injected with 20 mg of chloramphenicol sodium succinate on 
five consecutive days. 
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TABLE 111. Effects of Chloramphenicol Sodium Succinate on Hemopoietic Precursors 

Nucleated cell 
Sources Treatment C F U C  (X l o 3 )  CFU-E (X  lo3)  BFU-E (X 10’) count (X lo7)  

~~ ~- 

Marrow None 26.5 ? 1.8 23.0 i 2.9 50.0 i 8.4 1.33 i 0.03 
(Femur) Saline 27.3 i 1.9 23.4 + 2.3 48.0 * 7.0 1.34 i 0.20 

CPSa 22.0 f 2.6 17.9 i 1.4* 27.4 i 5 4** 1.54 i 0.15 
Spleen None 1.73 f 0.60 23.6 i 2.9 13.3 i 2.2 16.8 f 5.0 
(Spleen) Saline 1.78 i 0.30 25.4 i 3.4 14.3 i 3.4 17.5 f 4.5 

CPSa 1.54 i 0.16 5.9 i 1.0** 6.3 i 0.5 16.5 + 3.3 

Results are mean i SEM of five experiments. 
aThe mice were injected with 20 mg of chloramphenicol sodium succinate on five 
successive days. 
*P Q 0.05. 

**P d 0.01. 

In contrast, reduction in the number of CFU-E in the spleen and the marrow of 
mice receiving CPS was observed. Also, a marked decrease in the number of BFU-E was 
detected not only in the spleen but also in the marrow. 

In Vitro Effects of CP and CPS on Murine Hematopoiesis 

marrow cells are demonstrated in Figures 1 and 2. Concentration-dependent inhibition 
was observed in the formation of M-G colonies, erythrocytic colonies, and erythropoietic 

The suppressive effects of CP and CPS on the in vitro colony formation of murine 

lz 
z 

CONCENTRATION OF CHLORAMPHENICOL ( p g  mQl  

Fig. 1. In vitro effects of CP on  the formation of M-G colonies ( o ) ,  erythrocytic colonies (A), and 
erythropoietic bursts ( 0 )  from murine marrow cells. Values provided are the mean f SEM of 20 experi- 
ments. 
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MOUSE MARROW CELLS 
- 240 

-ERYTHROCYTIC COLONIES '\'., 
O---Q M-G COLONIES - 160 - ERYTHROFOIETIC BURSTS 

CONCENTRATION OF CHLORAMPHENICOL SODIUM SUCCINATE (,ug/me) 

Fig. 2. In vitro effect of CP sodium succinate on the formation of M-G colonies (o), erythrocytic 
colonies (A), and erythropoietic bursts (e) from murine marrow cells. Values shown are the mean 
t SEM from 20 experiments. 

bursts. At a CP concentration of 25 pg/ml, a reduction in the number of M-G colonies to 
52-60% was demonstrated. In contrast, erythrocytic colonies were decreased to 20-28% 
at the same concentration. Furthermore, erythropoietic burst formation was completely 
eliminated at 12.5 pg/ml. The pattern of suppressive effects of CPS on formation of M-G 
colonies and erythrocytic colonies was similar; however, no significant difference between 
CFU-C and CFU-E in sensitivity to the drug was demonstrable. CPS also completely sup- 
pressed erythropoietic burst formation at 12.5 pg/ml. The size of the erythropoietic 
bursts declined proportionally to the decrease in their numbers (Fig. 3) .  From these results 
and the similarity in structure of the two substances, the mechanism of the suppressive 
effects of CP and CPS was considered to be similar. 

In Vitro Effect of CP on Human Hematopoiesis 

Colony formation from CFU-C, CFU-E, and BFU-E in human bone marrow in the 
culture medium containing CP at various concentrations was investigated for possible dif- 
ferences in sensitivity to CP. In all the precursors, a concentration-dependent inhibition 
was detectable (Fig. 4). At a CP concentration of 25 pg/ml, there was a 23-37% reduction 
in the number of M-G colonies, an 87-91% reduction in the number of erythrocytic 
colonies and a complete suppression of erytliropoietic burst formation. 

DISCUSSION 

Increase in the number of murine CFU-S and CFU-C has previously been observed 
after the administration of 600 mg CP per kilogram body weight every 8 hours for five 
days, a dose schedule necessary to maintain a therapeutic concentration (20-40 pg/ml) 
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Fig. 3. A: A large erythropoietic burst from mouse bone marrow cells in the culture medium without 
any chloramphenicol after 9 days. Magnification 60  X . B: The largest erythropoietic burst from mouse 
bone marrow cells in the culture medium containing chloramphenicol(6.125 pg per ml) after 9 days. 
Magnification 60 X .  

in the animals’ serum [ S ]  In the present experiments, in order to expose hemopoietic 
precursors to a therapeutic concentration of CP for several hours a day, the mice received 
injections of 20 mg of CPS every 24 hours for five days, 20 mg per mouse being the equiva- 
lent of 660-800 mg per kilogram murine body weight. 

reticulocyte count (P < 0.05). The change in the blood was small but was similar to the 
results observed by Firkin et a1 [ S ]  . 

The only significant change in the peripheral blood after treatment was a fall in the 



Chloramphenicol and Erythrocyte Presursors 129 

Fig. 4. In vitro effect of CP on the formation of M-G colonies (o), erythrocytic colonies (A), and eryth- 
ropoietic bursts (e) from human marrow cells. Values presented are the mean * SEM percentages of 
normal values (mean ? SEM of five samples). The absolute numbers of colonies from 1 X l o 5  human 
marrow cells in the medium containing no chloramphenicol were 48-167 for erythrocytic colonies, 
29-61 for M-G colonies, and 24-99 for erythropoietic bursts. 

The total numbers of nucleated cells in the femur and spleen were not changed. Also, 
no significant change in number of CFU-C was assayable. On the other hand, distinct re- 
ductions in the number of splenic BFU-E and CFU-E were detected. In the marrow, a re- 
duction in the number of BFU-E was also observed, whereas a decrement in the number 
of CFU-E was not detectable. Considering the reports that BFU-E always migrate from 
marrow through peripheral blood to spleen [ 141 , it seemed possible that the marked re- 
duction of CFU-E in the spleen resulted from a reduction in the number of splenic BFU-E 
induced by a decreased supply of BFU-E from the marrow. The decrease in the number of 
BFU-E in the marrow and in the spleen suggested that CPS may have a selective toxic ef- 
fect on BFU-E or on the suppresion of differentiation of CFU-S to BFU-E. In order to 
confirm the effect of the drug on BFU-E, in vitro studies were done. 

murine and human CFU-E growth in vitro at a concentration of 10 pg per ml and that 
human CFU-E are more sensitive than murine CFU-E. At a concentration of 12.5 pg/ml, 
CP inhibited 50% of the colony formation of murine CFU-E (Fig. 1) and 72% of that of 
human CFU-E (Fig. 4) in our experiments - results similar to those reported by Yunis 
and Adamson [ 6 ] .  

In the present experiments, erythropoietic burst formation of murine and human 
marrow cells was completely suppressed by the addition of CP to the medium at a 
concentration 12.5 pg/ml. Such complete suppression at that concentration was not observed 
in the growth of CFU-C and CFU-E from human and murine hemopoietic organs (Figs. 1, 
2, and 4). 

Yunis and Adamson [6] reported that CP and thiamphenicol completely inhibits 
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The results of these in vitro studies are consistent with the hypothesis that CP and 
CPS have direct toxic effects on BFU-E in murine and human hemopoietic organs and that 
human CFU-E is more sensitive to CP than is murine CFU-E. From the present results it 
may be concluded that CP can induce erythropoietic suppression by its toxic effects on 
BFU-E. Such analytical information may be valuable in the investigation of drug effects 
on hemopoiesis. 
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