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lt is known that the kidney plays a major but
variable role in the elimination of most of the
antibiotics that are used systemically. Since these
drugs are often employed in the prevention and
treatment of infections in patients with severe
renal disease, it becomes essential, both for the
choice of agents and for their most effective use, to
know how the different antibiotics are handled by
the patient with impaired renal function. The
present series of studies was therefore under-
taken with a view to providing a basis for the
rational choice of antibiotics and their dosage in
such patients. The persistence of several other
commonly used antibiotics in the blood of pa-
tients with anuria and severe renal impairment
was described in other papers of this series (2, 3).
This paper is concerned with the overall metabo-
lism of chloramphenicol in similar patients. In
addition, since the liver is also involved in the
metabolism of chloramphenicol, studies in a few
patients with severe hepatic cirrhosis are also
included.

The structure of chloramphenicol and possible
sites of chemical alterations as they occur in the
body are shown in Figure 1. A summary of
what is currently known about the metabolism of
chloramphenicol in man is presented schematically
in Figure 2. Following the adminstration of chlor-
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amphenicol by the oral or parenteral route, 75 to
90 per cent of the administered dose may be
recovered in the urine of patients who have normal
renal function (4, 5). From 5 to 15 per cent of
the recovered drug is in the microbially active
form; the remainder is composed largely of an
inactive monoglucuronide conjugate and to a
lesser extent products of hydrolysis (6). Aryl
amine derivatives of chloramphenicol are not ordi-
narily detectable in the serum or urine of man.
About 3 per cent of the administered dose of
chloramphenicol is excreted into the bile (4, 7)
but less than 1 per cent is recoverable in the
feces, largely as aryl nitro and amine derivatives
(4).

In sharp contrast to the situation in man, the
principle pathway of excretion of chloramphenicol
in the rat is by the biliary system (8). When
the drug reaches the intestine of the rat, the glu-
curonide linkage is hydrolyzed by the action of
the bacterial flora, regenerating chloramphenicol
(9). The nitro group may also be reduced to an
amine (9) which is partially reabsorbed and ex-
creted into the urine (8). Up to 25 per cent of
the administered dose may be recovered in the
urine of rats as inactive aryl nitro and amine
derivatives.

In the present study, the half-life of chlor-
amphenicol in serum and the 24 hour urinary
recovery of chloramphenicol and its metabolic
products were determined following single intra-
venous injections of the drug. These values
were used to compare the fate of chloramphenicol
in patients with renal and hepatic disease with that
in normal subjects.
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MATERIALS AND METHODS

Patients studied and drugs used. The patients in whom
these studies were made include four who were anuric, 11
who had varying degrees of renal impairment but normal
liver function, 11 with nutritional (mostly alcoholic)
cirrhosis of the liver but without significantly reduced
renal function and four normal subjects. The levels of
chloramphenicol and its derivatives were determined in
the serum of six additional anuric patients who had
been receiving chloramphenicol therapeutically. For
purposes of the present study, anuria is defined as the
condition in which a uremic patient excretes less than
400 ml. of urine daily for three or more days. It was
assumed that the creatinine clearance in anuric patients
was less than 1 ml. per minute. The diagnosis of cirrho-
sis of the liver was based on clinical and laboratory
findings and in many of the patients was confirmed by
liver biopsy.

Chloramphenicol 1 was supplied for intravenous use
in ampules containing 500 mg. dissolved in 2 ml. of a
50 per cent aqueous solution of N,N-dimethylacetamide.
The contents of one vial was diluted to 150 ml. in 5
per cent aqueous solution of dextrose and injected intra-
venously over a period of 15 to 20 minutes. Venous
blood for the assays was drawn before and two hours af-
ter the injection and at convenient intervals thereafter; at
least five specimens were obtained following each
injection.

Assays for chloramphenicol and its derivatives. The
concentration of antimicrobially active chloramphenicol in
the serum and urine was determined by a turbidimetric
assay using a strain of Shigella sonnei (10). Most of the
control sera from jaundiced patients, however, were found
to inhibit this organism; such sera were, therefore, as-
sayed by the same method using Agrobacterium tume-
faciens which was not inhibited by control sera. The con-
centration of total nitro compounds plus amines was de-
termined by the titanous chloride reduction procedure

1 Supplied by Parke, Davis and Company as Chloromy-
ceting solution.

HYDROLYSIS
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FIG. 1. SITES OF METABOLIC ALTERATIONS IN STRUC-
TURE OF CHLORAMPHENICOL

(11); the aryl amines were determined on the same fil-
trates by the method of Bratton and Marshall (12) and
the concentration of nitro compounds was calculated by
the difference. All results are expressed in terms of
chloramphenicol equivalents.

Identification of chloramphenicol and its products.
Chloramphenicol glucuronide was identified in urine and
in serum filtrates by paper chromatography using the
descending procedure with butanol-phenol-pyridine sol-
vent described elsewhere (6). The urine was applied
directly to the paper strips; the serum was first deprotein-
ized with five volumes of ethanol, centrifuged, and the
supernatant concentrated by evaporation at room tem-
perature. A known sample of chloramphenicol glucuro-
nide (6) was used for comparison of Rf values; the
presence of this compound in the unknown samples was
confirmed by the addition of f-glucuronidase which re-
sulted in the regeneration of microbially active chloram-
phenicol. After chromotography, the location of the
aryl nitro compounds on the paper strips was estab-
lished by reduction with titanous chloride, bromination,
diazotization and coupling (6).

The following terms are therefore used in this paper
to describe chloramphenicol and its metabolic derivatives:
1) Microbially active chloramphenicol, as determined in
the turbidimetric assays; 2) Aryl amine derivatives, in-
dicating the value determined by the Bratton-Marshall
method; and 3) Total nitro compounds, which includes
the microbially active drug plus the inactive nitro deriva-
tives.

Calculations of half-life and clearances. The serum

ACTIVE CHLORAMPHENICOL

Liver,
? Other Sites

5-15% in Urine

MONOGLUCURONIDE
+ PRODUCTSOF HYDROLYSIS f 75-90% in Urine

Via Bile (<3%)
Action of
I ntestinal
Bacteria

14?
ARYL AMINE ANDARYL NITRO DERIVATIVES Trace Resorbed

and Excreted

<1% IN FECES

FIG. 2. METABOLISMOF CHLORAMPHENICOLIN NORMALMAN
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half-life (T/2) was calculated by the method of least
squares (13). The degree of renal impairment was
estimated from the 24 hour endogenous creatinine clear-
ance (Ccr) (14), a modification of the method of Bonsnes
and Taussky (15) being used to determine the concen-
tration of creatinine in serum and urine.

Dialysis by the Kolff-coil artificial kidney was per-
formed for therapeutic purposes in three anuric patients,
the extraction ratio (ER) of creatinine and chlorampheni-
col being determined as in the previous paper (3).

RESULTS

Anuric patients

Table I presents data on four anuric patients
and four normal subjects who were given a dose
of chloramphenicol intravenously. The half-life
of the microbially active drug in the serum of
anuric patients does not differ greatly from that
observed in the the normal subjects. In con-
trast, the serum half-life of the nitro compounds
is markedly prolonged in the anuric patients over
that found in the normals. In addition, aryl
amines which are usually < 5 ,g. per ml. in se-

> rum of patients with normal renal function, were
(U
(Uc present in the anuric patients at levels ranging
co

.. from 4 to 31 Mg. per ml. and persisted for long
*~ periods. It is not known whether this is due to
0
o drug metabolites or to the presence of other sub-
0 stances.

Figure 3A presents the serum levels of the
active and total nitro compounds as determined

= in the four normal subjects following an intra-
*> venous injection of chloramphenicol. The peak
; levels of either component at two hours after the
.a intravenous injection did not exceed 8 pg. per
._a ml. and at 24 hours little or none was demon-

.ed strable in the serum; aryl amines were not de-
-4

4J tectable. Figure 3B shows the serum levels in
d> an anuric patient who received an intravenous
X.0 6 injection of the same amount of drug. The micro-

' bially active component reached about the same
levels at two hours and disappeared at about the
same rate as in the normal subjects. The total

r. nitro derivatives, however, rose to a level of 28
^*s M,ug. per ml. at six hours and then declined slowly,

S.. Q but were still detectable at 120 hours. The level
-.d g of aryl amines was slightly elevated prior to

< treatment and rose steadily to 11 pg. per ml.
>=t (chloramphenicol equivalent) at 120 hours.

The latter patient had received procaine penicil-
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FIG. 3. MEANLEVELS OF CHLORAMPHENICOLAND ITS METABOLIC PRODUCTSIN SERUM
A) Four patients with normal renal function, and B) an anuric patient after a

single intravenous dose of 500 mg. of chloramphenicol.

fin for several days up to 18 days prior to this
study; the possibility was therefore considered
that this might have accounted for the finding of
aryl amines in this patient's serum prior to the
administration of the chloramphenicol. In order
to obtain further data on this possibility and also
to determine whether uremia per se could give
rise to substances in the serum that react like
aryl amines in the Bratton-Marshall method,
sera were obtained from 12 uremic patients who
had not received chloramphenicol. Levels of aryl
amines, equivalent to 1 to 38 jug. of chlorampheni-
col per ml. were demonstrated in these sera. In
most of these patients, however, there was a
history of administration of some drug which
gave a positive test for amines such as procaine
(usually as procaine penicillin) or chlorothiazide.
Previous administration of other aryl amines that
are diazotized in this method, such as sulfona-
mides, acetazolamide and para-aminobenzoic acid,
could not be excluded in all cases and many of
these patients had minor surgical procedures dur-
ing which procaine was injected. For these
reasons, additional sera were obtained from seven
uremic patients (nonprotein nitrogen values rang-
ing from 63 to 165 mg. per 100 ml.) in whom

previous administration of such substances could
definitely be excluded. In most of these sera the
level of aryl amines was less than 1.0 jug. per ml.
and the highest value was 1.5 Mug. per ml. It was
therefore concluded that the finding of aryl amines
in the blood of the uremic patients usually re-
sulted from the administration of substances con-
taining this moiety and their retention in the
blood.

Patients uitli varying degrees of renal impair-
ment

The mean half-life of active chloramphenicol
and of the total nitro compounds was calculated
for 11 patients with varying degrees of renal im-
pairment. These data together with those of
Table I are presented and correlated with the
creatinine clearances in Figure 4. The serum
half-life of the microbially active compound was
not greatly altered by the severity of the renal
disease as reflected in the level of creatinine clear-
ance. On the other hand, the half-life of the
total nitro compounds was prolonged when the
creatinine clearance fell below 20 ml. per minute.
In many of the uremic patients, the peak levels of
nitro compounds in the serum was not reached
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IMPAIRMENT

until five to 10 hours after administration of the
drug; the reason for this was not determined,
but it may be due to a difference in the relative
volume distribution of chloramphenicol and its
monoglucuronide. It has been shown that chlor-
amphenicol is concentrated in tissues, whereas the
glucuronide is water soluble and presumably is

distributed in the extracellular water (4, 16).

Accumulation of chloramphenicol in the blood of
patients on continuous therapy

The results presented above suggest that active
chloramphenicol given in ordinary doses is inac-
tivated nearly as rapidly in patients with severe

renal failure as in normal individuals, but that in

the former the total nitro compounds may ac-

TABLE II

Levels of chloramphenicol and its derivatives in anuric patients receiving chloramphenicol for therapeutic purposes

Chloramphenicol in serum

Days of Total Aryl Total
Patient Age Sex Etiology of renal failure treatment dose Active amine nitro

yrs. Gm. g./mi. pg./mt. g9/mI.
Sa. 26 M Acute hemorrhagic pancreatitis 2 4.0 13 50
St. 32 F Premature separation of placenta 3 6.0 11.9 158

10 20.0 10.2 47 611
K. 17 M Ethylene glycol intoxication 7 8.5 23.0 40 333
W. 83 F Postoperative 9 13.0 13.1 189
T. 68 M Bladder perforation, shock 14 13.0 12.3 31 134
F. 47 M Acute glomerulonephritis 8 16.0 <2.5 28 50
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cumulate to very high levels. This is borne out by
the data presented in Table II which shows the
serum levels obtained during chloramphenicol ther-
apy in six anuric patients. The highest level of
active drug observed in this group was 23 Mtg. per

ml. in a patient who had been treated for seven

days, whereas the highest level of the total nitro
compounds and aryl amine derivatives noted in Pa-

tient St. were 611 and 47 ,Mg. per ml., respectively.
The latter patient was in the diuretic phase of re-

covery and was no longer receiving the drug at
the time the highest serum level was noted. The
fall of chloramphenicol levels following cessation
of therapy in this patient is illustrated in Figure
5; although the active drug was rapidly cleared
from the serum, the total nitro compounds and the

TABLE III

Extraction of chloramphenicol and creatinine by the artificial kidney

Chloramphenicol* Creatinine

Extraction Extraction
Patient Arterial Venous ratio (A) Arterial Venous ratio (B) A/B X100

;'g./m1. tg./ml. % mg. % mg. % % %
Se (a) 44 37 16 22.0 15.2 31 52

(b) 39 34 13 18.9 13.4 29 44

Pe 7 4 43 22.0 5.0 77 56

Ta (a) 131 (22) 90 (17.6) 31(20) 25.8 9.0 65 48 (31)
(b) 103 (18.2) 100 (15.0) 3 (18) 17.4 8.4 52 6 (35)

Mean 21 (19) 51 (59) 41 (33)

* Total nitro compounds were determined Colormetrically. Data for the active chlorampheniCol is shown in
parentheses,
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aryl amines were removed more slowly. Paper
chromatograhpy of the serum that showed the
highest values for the total nitro compounds re-
vealed that the major component had the same
Rf as an authentic sample of chloramphenicol
glucuronide.

Effect of hemodialysis with the artificial kidney
on chloramphenicol levels

Three anuric patients were subjected to hemodi-
alysis by the artificial kidney (Kolff-coil type) for
therapeutic purposes. The results, expressed as
extraction ratio of the drug compared with that
of creatinine, are presented in Table III. There
was considerable variation in the extraction ratio
of chloramphenicol and creatinine from one dialy-
sis period to another. The comparative extrac-
tion of chloramphenicol and creatinine indicates
that the nitro compounds were diffusible across
the dialyzing membrane, but less so than creati-
nine. This may reflect the degree of binding of
the nitro compounds to constituents of blood (16,
17). In general, the nitro compounds were
cleared about half as well as creatinine and the

microbially active drug probably about one-third
as well. There is no ready explanation for the
low extraction of total nitro compounds in the
second series of observations in Patient Ta.

Effect of liver disease on the serum half-life and
excretion of chloramphenicol

Eleven patients, all of whom had advanced cir-
rhosis of the liver, were each given 500 mg. of
chloramphenicol intravenously; three of these pa-
tients had ascites and 10 had elevated levels of
serum bilirubin. The half-life of active chlor-
amphenicol in.the serum of these 11 patients is
shown in Figure 6; results of similar determina-
tions in patients without cirrhosis of the liver, but
with varying degrees of renal impairment are also
shown in this figure for comparison. The mean
serum half-life of active chloramphenicol in the
patients without liver disease was 2.9 + 0.9 hours.
Among the patients with cirrhosis, there were
marked differences in the serum half-life of the
active drug, but at least three of the 12 observa-
tions showed a marked prolongation of the half-
life over the normal values. The cirrhotic pa-
tient with the lowest serum half-life was the only
one who was not jaundiced. However, the cor-
relation between the serum half-life of active chlor-
amphenicol and the total bilirubin level was im-
perfect; the correlation coefficient was + 0.54,
significant at the 5 per cent level, suggesting that
factors in severe liver disease other than total
bilirubin retention may be involved in the abnor-
mal metabolism of chloramphenicol.

Table IV lists the total amounts of chlor-
amphenical and its products recovered in the
urine of six patients with hepatic cirrhosis during
the 24 hours following intravenous administra-
tion of 500 mg. of chloramphenicol. Chromato-
graphic analysis demonstrated high concentrations
of glucuronide in these urines. Although three
of these patients had clearances of creatinine that
were below normal, the overall recovery of the
drug was comparable to that reported for normal
individuals (4, 5); this was true for active chlor-
amphenicol as well as for the total nitro com-
pounds. The defect in chloramphenicol metabo-
lism in the patients having the longer serum half-
life of active chloramphenicol therefore appears
to be a reduced rate of conversion of active drug
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to inactive products rather than a reduction in the
total amount of drug converted.

DISCUSSION

The data presented in this study on the per-

sistence of chloramphenicol and its metabolic
products in the serum of patients with severe renal
or hepatic disease confirm and extend observa-
tions made in previous investigations in normal
man (4, 5, 7). The observation that the serum

half-life of microbially active drug is not signifi-
cantly prolonged in anuric patients indicates that
the rate of removal of the drug by conversion to
its metabolic products is virtually unaffected by
renal disease. The prolonged serum half-life and
the accumulation of the metabolic products in
uremic patients imply that the rate of removal
other than by renal mechanisms must be quite
slow; in anuric patients it probably proceeds at
less than 1 per cent per hour.

The prolongation of the serum half-life of chlor-
amphenicol metabolites as the creatinine clearance
falls is not as striking as that noted with tetra-
cycline (3). This is presumably due to the fact
that the chloramphenicol residues are cleared not
only by glomerular filtration, but by active tubu-
lar secretion as well (4). Although there is
generally a parallel decline in tubular function with
falling glomerular filtration rates in uremic pa-

tients (18), this may not be adequately reflected
in estimations of the glomerular filtration rate as

determined by the creatinine clearance. The
anuric patient, however, has a profound loss of
tubular as well as glomerular functional capacity

which may explain the abrupt change in the half-
life of the chloramphenicol products in anuric
patients as noted in Figure 4.

The study of chloramphenicol metabolism in
patients with liver disease was hampered by the
unexpected inhibitory action of serum from jaun-
diced patients on the test organism, Shigella
sonnei. This was remedied, in part, by the use

of Agrobacterium tumefaciens which was less af-
fected by these sera. Some of the patients with
cirrhosis converted chloramphenicol to its met-
abolic products more slowly than did normal or

uremic patients. Despite this somewhat slower
conversion rate as estimated by the decline in se-

rum of the active drug, about the same total and
fractional amounts of chloramphenicol and its
products were recovered in~ the 24 hour urine col-
lections. Since abundant chloramphenicol glu-
curonide was recovered in these urines, it would
appear that the patients with cirrhosis are ca-

pable of conjugating chloramphenicol. Thus, the
defect noted in these patients was in the rate of
conversion rather than in the total amount con-

verted. Similar results have been reported in pa-
tients with liver disease given a salicylamide load
(19). Such findings emphasize the need for de-
termining the rate of glucuronide synthesis rather
than the total amount synthesized.

From the data presented, it would appear that
one approach to achieving greater antibacterial
activity of chloramphenicol in blood or urine
would be to reduce the extent to which the drug
is conjugated with glucuronic acid. N-acetyl-
para-aminophenol (NAPA) has been reported to
be conjugated with glucuronic acid to a much

IE IV

Urinary recovery of chioramphenicol and its products in patients with hepatic cirrhosis during 24 hours
following an intravenous dose of 500 mg.

Chloramphenicol in urine Recovered in urine

Total Aryl Total Aryl Total
Patient bilirubin Ccr Active amine* nitro Active amine nitro

mg. % ml./min. mg. mg. mg. % % %
Hi 2.8 45.5 66 23 355 13.2 4.6 71.0
Bu 4.4 76.0 39 16 325 7.7 3.2 65.0
Da 0.3 82.0 78 25 433 15.7 5.0 86.6
Wa 3.5 80.7 62 30 325 12.2 6.0 65.0
St 1.8 103.1 71 32 417 14.3 6.4 83.4
Mr 3.9 62.0 41 28 333 8.2 5.6 66.7

Mean 2.8 74.9 60 26 365 11.9 5.1 73.0

* Normal urinary amines are included in these determinations.
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greater extent than are salicylamide or acetyl-
salicylic acid (20). Corte and Johnson (21)
also have reported that the administration of
NAPA in doses of 250 mg. per Kg. to rabbits
given together with cortisol or prednisolone re-
sulted in a marked increase in plasma levels of 17-
hydroxycorticoids which, like many other sub-
stances, are inactivated to a large extent by glu-
curonide formation (22). In a preliminary brief
study carried out in two normal subjects, the
administration of NAPA2 did not appear to in-
fluence the metabolism of chloramphenicol to any
significant degree. It is possible that more pro-
longed therapy or larger doses of either or both
drugs, as compared with those used in this trial,
may be necessary before an effect of NAPAcan
be demonstrated. Schmid and Hammaker (23),
however, have recently shown that prolonged ad-
ministration of NAPA may actually augment
glucuronide production. In view of their findings
it may be very difficult to overcome the glucuroni-
dization mechanism by this type of competitive
inhibition.

Chloramphenicol appears to be readily conju-
gated with glucuronic acid. Even where indirect
bilirubin levels are high, suggesting poor conju-
gation of this substrate, large amounts of chlor-
amphenicol glucuronide may be formed. It has
been reported that the cat does not form glucuro-
nates of phenolic substrates such as borneol, men-
thol, etc. (24). However, in other studies, oral
administration of chloramphenicol to the cat has
resulted in the excretion of large quantities of its
glucuronide in the urine (25). Similiar ex-
periments carried out in these laboratories with a
strain of rats (26) that had been found deficient
in the glucuronic acid conjugating mechanism for
bilirubin, gave chromatographic evidence for the
presence of chloramphenicol glucuronide in the
urine following administration of chloramphenicol.'
It is possible that the primary alcohol group as
present in chloramphenicol is more readily con-
jugated than phenolic compounds or bilirubin.

The aryl amine derivatives of chloramphenicol
are ordinarily present in very low concentrations
in the serum or urine of patients under treatment

2 Supplied as Atasol, Frank Horner, Ltd., Montreal,
Canada.

3We are indebted to Dr. Rudi Schmid for providing
the Gunn rats for this study.

(4). They appear gradually in the serum of
uremic patients. The presence of aryl amines in
the serum of uremic patients resulting from the
administration of chloramphenicol invites compari-
sons with the situation in the rat in which large
amounts of the aryl amine derivatives are excreted
into the feces and urine. This has been shown
to be the result of an active entero-hepato-renal
circuit in the rat where nitro derivatives are ex-
creted into the bile, reduced by the enteric flora
to aryl amines and reabsorbed and excreted
through the kidneys (8). Although in humans,
only small amounts of chloramphenicol are ex-
creted into the bile (4, 7), larger amounts may
eventually get into the bile when renal clearances
are markedly reduced. This may account for the
gradual accumulation of aryl amine derivatives in
the blood of uremic patients. It is also possible
that reduction of the nitro group may occur in
organs others than the gastrointestinal tract (4).

The accumulation of inactive chloramphenicol
products in the blood of uremic patients raises
the question of their potential toxicity for such
patients. Chloramphenicol has been implicated
as a causative factor in some cases of aplastic
anemia (27-32). Since uremic patients are usu-
ally also anemic, further bone marrow depression
that might result from chloramphenicol or its
products may be difficult to detect. Of interest in
this regard is a recent report of 15 patients ob-
served during chloramphenicol administration in
which five patients showed a reduced incorpora-
tion of iron into hemoglobin on the basis of which
it was suggested that this drug may produce sub-
clinical bone marrow depression (33). Although
the possible role of renal impairment in these
cases was not discussed, three of the five patients
were listed as having renal disease, and two of
the remaining 10 who showed no adverse effect
from chloramphenicol are also listed as having
some disease of the kidney.

Evidence has accumulated that at and soon after
birth there is a deficient glucuronide forming
mechanism (34-38). There is also a reduced
tubular and glomerular functional capacity (39,
40) as compared with that of older children and
adults. It would therefore be expected that both
chloramphenicol and its products would be re-
moved from the blood more slowly in those in-
fants than in older children (41).
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Dialysis by the artificial kidney has been shown
to reduce serum levels of both chloramphenicol
and its nitro derivatives. Removal of large
amounts of the drug by this method is hampered
by the fact that the total nitro compounds are re-
moved only about one-half as well as creatinine and
even less of the active drug may be extracted.

Although the data on uremic patients indicates
that normal dosage schedules must be used with
chloramphenicol to maintain adequate therapeutic
levels, the accumulation of inactive metabolic
products introduces a new factor that must be
considered. Although chloramphenicol glucuro-
nide appears to be less toxic than the parent com-
pound. the potential toxicity of the aryl amines is
unknown. The hazards of administration of any
drug to uremic patients must be recognized when
the normal routes of elimination are unavailable.
More serious results might be expected with com-
pounds such as streptomycin which are normally
excreted unchanged or with drugs whose metabolic
products are more toxic than the original sub-
stance.

In patients with known hepatic impairment the
overall metabolism of chloramphenicol appears to
be essentially normal even though the rate of con-
jugation with glucuronic acid may be reduced.
When renal function is adequate in cirrhotic pa-
tients, the prolongation of serum half-life does
not appear to be great enough to justify any
change from the usual dosage regimens.

SUMMARY

1. The serum half-life of active chloramphenicol
is not significantly prolonged in anuric patients;
on the other hand, the half-life of the metabolic
products of chloramphenicol is markedly extended
in patients with severe renal disease.

2. Small amounts of aryl amine derivatives may
accumulate slowly in the blood of uremic pa-
tients receiving chloramphenicol.

3. Some patients with cirrhosis of the liver
were found to have a prolongation of the serum
half-life of active chloramphenicol. This appeared
to be due to a slower rate of glucuronide conjuga-
tion in these patients.

4. Aryl nitro compounds of chloramphenicol
were found to be extracted by the artificial kidney
about one-half as well as creatinine.

5. These findings are discussed in relation to
the potential toxicity of chloramphenicol products
in uremic patients and in regard to dosage in pa-
tients with renal or hepatic disease.
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