
Plasma Concentration of Chioramphenicol and
Bone Marrow Suppression

By PAUL R. MCCUBDY
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LTHOUGH CHLORAMPHENICOL is a useful antibiotic, its value is

tempered by the danger of serious and even fatal bone marrow sup-

pression.1 The pathogenesis of this toxic effect on the bone marrow is un-

known. Several investigators2’m have now confirmed the findings of Saidi

et al.4’5 that reticulocytopenia and abnormal vacuolization of primitive mar-

row blast cells are an early and consistent sign of bone marrow depression

which is readily reversible if the drug is immediately stopped. Rubin et al.#{176}’7

have also discovered that enythropoiesis is quite sensitive to the toxic effects

of chloramphenicol by finding relatively frequent elevation of serum iron

and depression of red cell Fe59 incorporation in individuals who were re-

ceiving the drug. It is not known if these changes will progress to complete

marrow aplasia if therapy be continued.

In early pharmacologic studies,8 a small amount of chloramphenicol was

found to be excreted unchanged, but the greatest portion was conjugated

with glucuronic acid in the liver before being excreted in the urine. Only

the free drug is active bacteriologically. Patients with renal disease detoxify

chioramphenicol normally but develop very high levels of conjugated material

because they are unable to excrete it.” Free chloramphenicol has l)een found

to be responsible for the acute toxicity of “gray disease” in the newborn in-

fant.1#{176} When massive doses are used, quite regular depression of marrow

function is n1 and published data suggest a Partial relationship between

higher doses of chloramphenicol and early bone marrow depression.3’5

To investigate the hypothesis that unconjugated chloramphenicol might

act as a chemical antimetabolic agent, plasma levels were determined in 30

patients who were carefully evaluated for evidence for early bone marrow

toxicity while under treatment. A preliminary report has been presented.’2

MATERIAL AND METHODS

Toxicity is defined as reticulocytopenia accompanied by abnormal vacuolated blast cells

in the bone marrow. With one exception, subjects for study were 1)ltieflts lwing treated

for infection with chloramphenicol on the wards of the D. C. General Hospital. N’Iedication

(2-8 Gm./d. ) was given by either the oral or the parenteral route, as indicated by the

clinical situation. Serial reticulocyte counts were done in all Iatients. At the end of the
planned course of therapy or if reticulocytopenia developed, bone marrow was aspirated

and smears stained with Wright’s stain were examined for the typical abnormal vacuolated

blast cells.25
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CHLORAMPHENICOL AND BONE MARROW SUPPRESSION 365

Plasma or serum for chloramphenicol assays was obtained 2 to 3 hours after medication

at a time when peak blood levels would be expected;� just prior to a dose, 6-8 hours after

the preceding one; or at both times. Clotting was prevented with disodiuiii ethylenediamine

tetra-acetate (EI)TA ). After centnifugation the supernatant plasma was removed and

frozen to await analysis. Free chloraniphenicol was extracted froni plasma or serum�� with

a 2: 1 n�ixture of chloroform and ethyl acetate and determined in pg/rnl. by a chemical

proce(lure described by Levine and Fishbach.’4 In 51 in vitro experiments (lone (luring

the course of the study, 81.7 ± 7.7 per cent of a known amount added to normal plasma was

recovered over the range of concentrations actually found in Patients. All analyses were

(lone in duplicate. The mean difference between 64 duplicate analyses was 0.98 pg/nil.

The fliO(lal difference was 0.4 pg. (nil.

RESULTS

The data from 17 patients �vho satisfied the above criteria for toxicity and

from 13 who did not are summarized in tables 1, 2 and 3. Females predominated

in both groups, reflecting the frequent use of chloramphenicol for urinary

tract infections. Age, (lose and duration of therapy were not significantly (hf-

ferent for toxic and nontoxic patietits. Seven of those who developed marrow

suppression (lie(l of their medical illness, whereas none of those without mar-

row toxicity did. No patient succumbed to aplastic anemia. Liver disease,

defined �IS greater than 10 per cent bromsulfalein retention or obvious clinical

evidence for severe hepatic malfunction, was not significantly more frequent

in patients who developed bone marrow suppression than in those who did

not. The frequency of renal disease with azotemia, defined as blood urea

nitrogen greater than 30 mg. / 100 ml., was not different in the toxic compared

with the non-toxic group ( table 3).

In 12 Patients with evidence of erythropoietic suppression as defined prey-

iously, the mean plasma chloramphenicol concentration 2-3 hours after a

dose was 25.69 ± 12.32 pg.!ml. In 11 non-toxic patients, it was 11.63 ± 6.33

pg.1/ml. In 16 patients with marrow toxicity, the mean level just prior to a

dose was 19.57 ± 12.98 pg.!ml., and in 12 non-toxic patients it was 6.85 ±

5.49. Both differences are significant with a P < 0.01. These data are illustrated

in figure 1, and summarized in tables 1 and 2.

There was incomplete correlation between dose of chloramphenicol in

mg.!Kg.!d. and plasma levels, as shown in figures 2 and 3. Patients who

developed hone marrow suppression had higher plasma chloramphenicol

concentrations with the same dose than did those who did not develop

toxicity. Two to 3 hours after the medication, most patients in the toxic group

had plasma levels over 15 ,ig./ml., whereas plasma levels in most patients

without evidence of marrow toxicity were below this concentration. Six to 8

hours after a dose, most toxic patients were above 10 pg/mi., whereas most

non-toxic patients were below this amount.

Since total exposure of the bone marrow to chloramphenicol is a function

of plasma concentration, length of therapy and certain unknowil factors, such

as possible concentration of the drug in marrow cells, plasma chloramphenicol

concentration was plotted against duration of therapy ( figs. 4 and 5 ) . Two to

three hours after a dose ( fig. 4 ) , the toxic patients are quite distinctly sepa-

rated from the non-toxic ones. At 6-8 hours after a dose of chloramphenicol,
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Table 3.-Effect of Renal and Liver Disease on Plasma

_________________- Chioramphenicol Concentration

No. of No. of

Cases 2-3 H.* P. Cases 6-8 H.* P.

BUN < 30 18 17.46 ± 12.20 23 12.89 ± 11.01

BUN > 30 5 25.79 ± 13.76 0.2 � 19.81 ± 16.42 0.2

\Vith liver

disease 12 21.33 ± 13.77 < 0.3 16 17.04 ± 13.67 < 0.1
\Vithout liver > 0.2 > 0.05

disease 11 14.88 ± 10.47 12 9.03 ± 8.59

#{176}Mean ± standard deviation.

there is still significant separation between the two groups although there is

more overlap (fig. 5).

The effect of liver or renal disease on blood levels of chloramphenicol was

also tested. Two to 3 hours after the medication the mean plasma concentra-

tion in 12 patients with liver disease was 21.33 ± 13.27, and in 11 patients

without liver disease it was 14.88 ± 10.47. This difference is not significant

( 0.3 > P > 0.2 ) . Six to 8 hours after a dose the mean plasma concentration

in 16 patients with liver disease was 17.04 ± 13.67, whereas in 12 patients

without liver disease it was 9.03 ± 8.55. The difference here is suggestive but

not significant ( 0.1 > P > 0.05 ) ( fig. 6 ) . Two to 3 hours after a dose the

mean plasma concentration of chloramphenicol in 18 patients with a BUN

less than 30 mg. per cent was 17.46 ± 12.20, whereas in four patients with

BUN’s greater than 30 it was 25.79 ± 13.76. Six to 8 hours after a dose in 23

patients with BUN’s less than 30 mg./100 ml., the mean concentration was

12.89 ± 11.01, and in four azotemic patients it was 19.81 ± 16.42. Neither

difference is significant ( P = 0.2 ) . There was also no significant difference

2�’3HRS. 6�8HRS.

� DOSE � DOSE

mcg/mI

CHLORAMPHENICOL

Fig. 1.-Mean, standard deviation and range of plasma chioramphenicol concen-
tration in patients with bone marrow toxicity and those without, 2-3 hours after a

dose and 6-8 hours after or just before a dose.
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Fig. 2.-Relationship l)etween I)l�ts1n�1 concentration of chloramphenicol 2-3 hours

after a dose, and the dose in patients with l)one marrow suppression and without.
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Fig. 3.-Relationship between plasma concentration of chlorarnphenicol 6-8 hours

after �i dose, and the dose in patients with bone marrow suppression and without.

in plasma levels between those patients who developed toxicity and who

later died and those who developed toxicity hut survived.

DIsCussIoN

In patients who developed reticulocytopenia and vacuolization of bone

marrow blast cells during therapy, plasma chloramphenicol concentration was

found to be significantly higher than in those who had no evidence for mar-

row depression. Total exposure to chloramphenicol, defined as the product of

plasma concentration and duration of therapy, was distinctly greater in pa-

tients with bone marrow toxicity than in those without.

These data are consistent with an hypothesis that the plasma level of free

chioramphenicol or total marrow exposure to the drug is related to sup-

pression of marrow function as defined above. It should be pointed out, how-

368 PAUL R. MC CURDY
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5- TOXIC
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30 - PATIENTS

mcg/mI. � S

20- � S
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10- � o� D � �

0 � - XY:145

0 j �(l� � � � � , I I I I I Ii
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Fig. 4.-Relationship between plasma concentration of chlorarnphenicol 2-3
hours after a dose, and duration of therapy in patients with bone marrow suppres-
sion compared with those without marrow effect.

50- 5

40 -

30 - S #{149}-TOXIC
mcg/mI. PATIENTS

20 - 0 � 0-NON TOXIC
S PATIENTS

OS

10- a �

0 8 � 0

C � �:.O, I � I I#{149}I I I III

DAYS 2 6 0 4 18 22 26 30
Fig. 5.-Relationship between plasma concentration of chloramphenicol 6-8 hours

after a dose amid duration of therapy in I�1tients with bone marrow suppression corn-

pared with those without marrow effect.

ever, tli�tt several patients with toxicity had rather low plasma levels and low

total exposure and that the converse was also occasionally true. This is in

accord with data reported by others suggesting that a few patients may be

unusually susceptible to aplastic anemia. Since seven patients who developed

toxicity died of causes unrelated to the drug itself, the possibility exists that

serious illness such as liver disease and cancer may predispose to the develop-

ment of marrow depression, either by altering drug detoxification or by

sensitizing the marrow to the effect of chloramphenicol. It is also possible

that radiation or radiomimetic agents and other potentially toxic drugs may

act synergistically to depress the marrow, but adequate proof is lacking.

Plasma concentration may be only indirectly related to toxicity. Other in-

vestigators have not been able to demonstrate an effect on marrow cellular

metabolism in vitro with concentrations of chloramphenicol obtained in

vivo.1517 That chloramphenicol may be concentrated in the marrow has been

postulated, but no data are available on this point. All laboratory studies in
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Fig. 6.-Mean, standard deviation and range of plasma chloramphenicol concen-
tration at each of two intervals after a dose: liver disease compared with no liver
disease.
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vitro are of necessity short-term experiments, whereas the data presented

above appear to indicate the importance of total exposure, which is dependent,

in part at least, upon plasma concentration and duration of therapy.

A microorganism is termed sensitive to chloramphenicol if growth is in-

hibited by a concentration of 15 pg./ml. or less, and resistant if growth is not

prevented by that amount;’5 many bacteria are susceptible to lower levels.

The concentrations reported herein are somewhat higher than this in many

patients, especially those who develop toxicity. Actually patients who develop

toxicity have higher plasma concentrations with the same dose ( mg./Kg.)

than those who do not. In some patients, chloramphenicol may be life-saving

and occasionally it seems advisable to continue therapy in the face of toxic

changes. It would be reasonable to expect that reduction in dosage in such

patients might yet maintain therapeutic levels. This approach is now under

study. Despite an incomplete correlation of dose with blood levels, it is

suggested that the determination of dosage in a given patient might more

rationally be based on body weight.

No definite relationship has been demonstrated between toxicity as defined

herein and irreversible or slowly reversible aplastic anemia. There is con-

siderable evidence that reversible erythropoietic suppression will occur in

any individual given large enough amounts of chloramphenicol for a long

enough period of time.3’5”9’2#{176} Opinion is divided between those who believe

that this differs from the severe and fatal aplastic anemia and those who

believe that they are part of the same process. The occurrence of pancytopenia,

however transient, in some of the patients in this series who had the typical

findings in the bone marrow would seem to suggest that they may be part of

the same process. It must be emphasized that until a patient is carefully

observed through the entire course from reticulocytopenia to pancytopenia
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CHLORAMPHENICOL AND BONE MARROW SUPPRESSION 371

to aplastic anemia, the answer to this question must remain a matter of

opinion rather than fact.

SUMMARY AND CONCLUSIONS

The appearance of reticulocytopenia and of vacuolated marrow blast cells

has been correlated with elevated plasma levels and prolonged marrow ex-

posure to free chloramphenicol. It is suggested that chloramphenicol may

have produced bone marrow suppression in these patients in part by acting

as an antimetabolic agent.

SUMMARIO IN INTERLINGUA

Le apparition de reticulocytopenia C de vacuolate blastocytos del medulla

ha essite correlationate con elevate nivellos de chloramphenicol in le plasma

e con le prolongate exposition del medulla a chloramphenicol libere. Es sug-

gerite le possibilitate que chioramphenicol ha producite in iste patientes un

suppression de medulla ossee, in parte per su potentialitate como agente anti-

metabolic.
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