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Interaction between chloramphenicol and
acetaminophen
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SUMMARY Acetaminophen has been reported either to prolong or not to affect the clearance of
chloramphenicol. To confirm one of these findings we studied the clearance of chloramphenicol
and its metabolites using high pressure liquid chromatography in five patients (ages 2-5 to 5
years) before and during oral treatment with acetaminophen (50 mg/kg/day). Significant
differences were observed in mean (SD) peak serum chloramphenicol concentration (-9-7 (3.2)
mg/l), mean (SD) apparent volume of distribution (+225 (162) ml/kg), mean (SD) chlorampheni-
col half life (-1.9 (1-1) hours), mean (SD) chloramphenicol clearance (+236 (94) ml/kg/h),
mean (SD) area under the curve (-83-5 (33.0) mg/l/h), and mean (SD) elimination constant
(+0.34 (0-13)h--1) between samples obtained before and during treatment with acetaminophen.
Acetaminophen, when given orally for several days, increased the clearance of chloramphenicol,
perhaps by increased glucuronidation. This report re-emphasises the need for therapeutic drug
monitoring whenever these two drugs are used together.

Haemophilus influenzae is the leading cause of
bacterial sepsis and meningitis in children between
the ages of 1 month and 5 years.' Chloramphenicol
is a first line antibiotic for the treatment of in-
vasive disease caused by ampicillin resistant
H. influenzae.2 Often these children have an in-
creased temperature and are given antifever treat-
ment. It has been reported that acetaminophen
given intravenously prolongs the serum half life of
chloramphenicol in adults.3 Recently, Kearns et al
observed no differences in the pharmacokinetics of
chloramphenicol between patients who received
acetaminophen orally and those who did not when
these groups were compared after the first dose of
chloramphenicol and from the seventh through the
seventeenth doses.4 Interestingly, they found that
clearance of chloramphenicol significantly increased
in those children who received acetaminophen
between the steady state period and the final dose.
The pharmacokinetics of chloramphenicol are ex-
tremely variable.5 The inability of Kearns et al to
detect differences between their two treatment
groups may have been due to the design of their
study. To clarify questions raised by these reports,
we looked at the effect of oral acetaminophen on the
clearance of chloramphenicol in subjects who served
as their own controls.

Patients and methods

Five patients admitted to the Montreal Children's
Hospital between December 1983 and November
1984 who had positive blood cultures for H. influen-
zae type b were studied. Their ages were 2-5, 2-5,
3.5, 4, and 5 years. Four subjects had epiglottitis and
one had meningitis. None had received acetami-
nophen for the illness for which they were subse-
quently admitted to hospital. All subjects were
initially treated with intravenous chloramphenicol
80 mg/kg/day and intravenous ampicillin 100-200
mg/kg/day until the culture results were known and
the ampicillin was stopped. One patient received
two doses of rifampin during the 48 hours before the
first kinetic study was performed. After 48-72 hours
of treatment with chloramphenicol a 24 hour urine
collection was obtained for a chloramphenicol clear-
ance. During this collection period, a heparin lock
was placed and after a dose of chloramphenicol had
been infused over 20 minutes 1 ml samples of blood
were obtained 30 minutes and one, two, three, four,
and six hours after the infusion was complete. The
blood was allowed to clot, and the serum removed
and stored at -70°C. At the completion of this 24
hour urine collection, oral acetaminophen 50 mg/
kg/day every six hours was started. Each dose of
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acetaminophen was given 30 minutes before an
infusion of chloramphenicol.

Forty eight to 72 hours after the start of treatment
with acetaminophen urine was again collected over
24 hours for chloramphenicol clearance and the
subject's blood was sampled at the time points noted
above after an intravenous dose of chloramphenicol.
Serum specimens for each subject were run together
as a batch.
Acetaminophen, chloramphenicol, and chloram-

phenicol succinate concentrations in serum and
urine samples and chloramphenicol glucuronide
concentrations in urine samples were determined
using a modified high pressure liquid chromotogra-
phy technique described by Aravind et al.6 In brief,
0-1 ml sodium acetate buffer pH 4-6 (1-0 N) and 1-0
ml ethyl acetate containing 20 ,ug/ml 5-ethyl-5-p-
tolybarbituric acid (ETBA) were added to 0 05 ml
spiked serum or patient's serum. After vortexing
and centrifuging, the organic top layer was trans-
ferred to a clean tube and evaporated under air. The
residue was resuspended in 0 05 ml methanol and
0-02 ml was injected into the column. Optimal
resolution was achieved using a uBondapak C18
column with an eluent solution of methanol:
water:acetic acid (37:62:1) over a period of 18
minutes with a flow rate of 1-5 ml/min at ambient
temperature. Standard spiked solutions with ETBA
as an internal standard were extracted according to
the procedure outlined above. The average per cent
recovery was 99%.
The drug concentrations were calculated by in-

tegration of the area under the curve of the
chromatographic peak by the trapezoidal method.
The average retention times for chloramphenicol,
chloramphenicol succinate, glucuronide (from
urine samples), and acetaminophen were 5-86, 8 5,
5-76, and 2-65 minutes, respectively. The coeffi-
cients of variance at 5, 15, and 25 mgIl of chloram-
phenicol were 5 8, 5 6, and 4-7%, respectively.
Kinetic variables were analysed assuming a one
compartment open model using areas under the
time concentration curve (AUC) from 0 to infinity.
The serum concentrations of chloramphenicol and

its metabolites were plotted semi-logarithmically.
The elimination rate constant Kel and the serum
half life (t1/2) were computed from the slope of the
drug disappearance curve. This slope was deter-
mined by the method of least squares; extrapolation
to time zero generated the computed chlorampheni-
col concentration at time zero (Cpo). The apparent
volume of distribution (AVd) was calculated as
dose/AUC/Kel. Chloramphenicol clearance (CCL)
was computed as dose/AUC. Chloramphenicol
concentrations in serum and kinetic variables
obtained before treatment with acetaminophen

were compared with those obtained during treat-
ment with acetaminophen using the t test for paired
samples and Wilcoxon's matched pairs signed rank
test.7
The protocol and consent form used in this study

were approved by the Montreal Children's Hospital
ethics committee. Consent was obtained from the
parent and patient (if possible) before enrolment.

Results

Significant differences in Cpo, AVd, t1/2, CCL,
AUC, and Kel occurred between samples obtained
before and during treatment with acetaminophen
(Table 1). This change was greatest for CCL, which

Table 1 Chloramphenicol kinetic variables before
and during treatment with acetaminophen for the five
patients. Values are mean (SD)

Kinetic variable Treatment with acetaminophen p Value*

Before During

CPO (mg/I) 26-7 (5-7) 17-0 (4-9) <0 003
AVd (mi/kg) 306 (78) 531 (202) <0 04
Kel (h- ') 0-26 (0.09) 0 60 (0.15) <0 004
t1/2 (h) 3-0 (1.3) 1-2 (0.3) =0-02
AUC (mg/V/h) 112-2 (42.6) 28-7 (12.2) =0-005
CCL (mVkg/h) 78 (23) 314 (107) <0005

CPO=Computed chloramphenicol concentration at time zero; AVd=apparent
volume of distribution; Kel=elimination rate constant; tl/2=serum half life;
AUC=area under the time concentration curve from 0 to a; CCL=
chloramphenicol clearance.
*t Test for paired samples. two tailed; p=0-04 for all variables by Wilcoxon's
matched pairs signed rank test, two tailed.
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Figure Chloramphenicol kinetics in the serum ofa patient
before (A) and during (O) treatment with acetaminophen.
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Table 2 Urinary excretion of chloramphenicol and
metabolites by the five patients before and during
treatment with acetaminophen. Values are mean (SD)
percentage of chloramphenicol (mgll) excreted in the urine
as chloramphenicol, chloramphenicol succinate, and
chloramphenicol glucuronide

Compound excreted Treatment with acetaminophen

Before During

Chloramphenicol 27-4 (5-9) 17-7 (6-2)*
Chloramphenicol succinate 69-1 (5-9) 72-2 (12-9)
Chloramphenicol glucuronide 3-5 (2-0) 10-1 (11-6)

*p<0-05 Compared with before treatment with acetaminophen, t test for
paired samples, two tailed; p=0-04, Wilcoxin's matched pairs signed rank test,
two tailed.

increased to a mean (SD) of 236 (94) ml/kg/h (a
303% increase from the level before treatment with
acetaminophen). A representative serum dis-
appearance curve in one patient is presented in the
Figure. All patients recovered uneventfully, although
one patient was unable to achieve a 30 minute peak
chloramphenicol concentration in the 10-20 mg/l
range considered therapeutic.
The percentage of chloramphenicol excreted in

the urine as chloramphenicol, chloramphenicol suc-
cinate, and chloramphenicol glucuronide before and
during treatment with acetaminophen is shown in
Table 2.

Discussion

Our results, showing a decrease in CPO, AUC, and
t1/2 and an increase in AVd, Kel, and CCL during
treatment with acetaminophen, contrast to those
previously published. These differences may be
explained by differences in assay techniques and
study design. Buchanan and Moodley described six
adult patients who were given 1 g of chlorampheni-
col intravenously, after which their serum chloram-
phenicol concentrations were monitored for two
hours.3 Acetaminophen 100 mg intravenously was
then given and additional serum samples for chior-
amphenicol were taken over the next four hours.
Serum chloramphenicol concentrations were deter-
mined using a microbiological assay. Urinary excre-
tion of chloramphenicol metabolites was not deter-
mined.
Acetaminophen is rapidly absorbed from the

gastrointestinal tract after oral administration;
10-32% of the drug is lost through first pass meta-
bolism by the liver and does not reach the systemic
circulation.8 The drug is extensively metabolised,
primarily by the liver. The major metabolite in
adults is the glucuronide conjugate.2 The use of
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intravenous acetaminophen in adults could result in
higher peak blood concentrations and perhaps
contribute to decreased chloramphenicol metabolism
by competition for glucuronyl transferase activity.
As sulphate conjugation of acetaminophen is the
predominate route of degradation in children9 10
a prolongation of the half life of chloramphenicol
after a single intravenous infusion of acetaminophen
may not be as pronounced.
The method used to determine chloramphenicol

concentrations is another important difference be-
tween these studies. High pressure liquid chroma-
tography is a highly sensitive and specific method.
Buchanan and Moodley used a turbidimetric proce-
dure, which measured inhibition of growth of
Shigella sonnei.11 The mean chloramphenicol con-
centration in their patients after treatment with
acetaminophen was -10 mg/l. Microbiological
methods, while measuring antimicrobial activity, are
not specific for a particular drug. The patients in the
earlier report had all received broad range antibio-
tics. What effect these other antibiotics may have
had on the determination of chloramphenicol con-
centrations was not mentioned. A similar turbi-
dimetric method had a sensitivity of 5-10 mg/l.12 As
the report by Buchanan and Moodley did not
contain patients who received chloramphenicol
alone we do not know whether the serum concentra-
tions reported were a result of treatment with
acetaminophen or whether their procedure did not
allow for accurate determination of chlorampheni-
col concentrations at the time points after acetami-
nophen was given.
The report by Kearns and coworkers found no

differences in chloramphenicol pharmacokinetics
between 18 children who received acetaminophen
and eight who did not during their admission to
hospital;4 10 children treated with acetaminophen
had received the drug before their admission. In
addition, the selection process for those who re-
ceived aspirin or no antifever drug was not clearly
defined. Large differences exist in pharmacokinetic
variables of chloramphenicol among normal sub-
jects. The half life of chloramphenicol in paediatric
patients has been reported to range between 1-7 and
12-0 hours.5 To control for this extreme variability,
it is important to use patients as their own controls
whenever possible. The report by Keams et al did
find differences in pharmacokinetic variables be-
tween the first and last dose of chloramphenicol in
those children who had not received acetaminophen
before their admission to hospital and a significant
increase in chloramphenicol clearance at the time of
the last dose in those patients treated with
acetaminophen.4 The methodological problems with
these earlier reports highlight the problems with
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pharmacokinetic studies when appropriate controls
are not used.
One of our patients received two doses of

rifampin within 48 hours of the first kinetic study.
This patient's pharmacokinetic variables for chlor-
amphenicol were similar to those of the other
patients who did not receive acetaminophen. Treat-
ment with rifampin has been reported to increase
metabolism of itself and other drugs,'3l5 probably
as a result of induction of drug metabolising
enzymes as evidenced by a proliferation of smooth
endoplasmic reticulum of the hepatocyte and in-
creased glucuronidation.16 Such activation is usually
maximal 48 hours after induction. If treatment with
rifampin affected our patient's metabolism of chlor-
amphenicol the effect should have been present
before the first kinetic study. The recent report of an
effect of rifampin on chloramphenicol concentra-
tions used peak serum concentrations, which can be
affected by rate of drug infusion, and did not specify
whether the patients received acetaminophen before
admission to hospital.17
The accelerated chloramphenicol clearance after

treatment with acetaminophen could not be attri-
buted to state of hydration or fever as these clinical
states were similar for both study periods. More-
over, the most substantial change was noted in the
elimination rate constant (+131%), not AVd
(+74%). This indicates that the increase in chloram-
phenicol clearance is due mainly to an accelerated
elimination rate constant secondary to increased
metabolism. This is supported by an almost twofold
increase in the urinary excretion of the glucuronide
metabolite (Table 2).
Age, rate of infusion, obesity, underlying disease,

and other drugs that the patient is receiving have all
been shown to effect the serum concentration of
antibiotics administered intravenously. This report
re-emphasises the need for therapeutic drug moni-
toring whenever drugs with narrow therapeutic
index are used and the drug therapeutic concentra-
tions are near the presumed toxic concentrations.
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