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INTRODUCTION

Chloramphenicol is a broad-spectrum antibiotic which
is being widely used in veterinary medical practice.
Following several reports of toxicity accompanying the
use of chloramphenicol in man, several countries have put
restrictions on its use especially in food-producing
animals. However veterinary practitioners have found the
antibiotic useful for the treatment of enteric and respira-
tory infections in these animals, notably calves and baby
pigs.

The pharmacokinetic disposition of chloramphenicol has
been studied in several animals, but there are relatively
few such studies done in calves, most of these studies have
involved single route of administration, usually oral or
intramuscular. In the field, however, the subcutaneous and
intramuscular routes are commonly used for the administra-
tion of chloramphenicol.

The minimal therapeutic blood concentration usually
suggested is 5 ug/ml, but there is inconsistency in the
recommended dosages that would produce and maintain this
level in calves.

The objectives of the present study were: (a) to
determine the absorption into and the disappearance of
chloramphenicol base_from the plasma of calves after

single-dose intramuscular, subcutaneous, and intravenous



administrations of the antibiotic; (b) to gather simila;
data after single dose subcutaneous administration of
chloramphenicol sodium succinate; (c) to determine the
kinetic paraméters - plasma t% (half-life), and Vd (volume
of distribution) - of chloramphenicol base following each
single dose administration; and (d) to test and recommend

a three day dosage regimen in calves for chloramphenicol

based upon the data obtained.



LITERATURE REVIEW

HISTORY

The discovery of the therapeutic properties of peni-
cillin at Oxford in 1940 stimulated interest in the ability
of micro-organisms to produce antibacterial substances.l
CHLORAMPHENICOL is the generic name of an antibiotic produced

by Streptomyces venezuelae, an organism first isolated by

Burkholder in 1947 from a soil sample collected in a mulched

r

field near Caracas, Venezuela. When the organism was
grown in liquid media, filtrates of these cultures proved
to pcssesg marked antibacterial activity in broth-dilution
assays against several gram-negative bacteria,2 and also
indications of antirickettsial and antiviral activity.4
A crystalline antibiotic substance was then isolated
by Bartz5 and given the trade name CHLOROMYCETIN because
it contained chlorine and was obtained from an actinomycete.
In 1949, the chemical structure and the chemical
synthesis were announced along with manufacturing

6,7.8 making chloramphenicol the first antibiotic

methods,

to be manufactured synthetically on a commercial scale.9
The antibiotic was increasingly put to general

clinical use but by 1950 it became evident that it could

: . . 3
cause serious and fatal blood dyscrasias 1n man.



CHEMISTRY AND FORMS

Degradation studies have shownl0 chloramphenicol to

have the structure I, D-(-)-threo-2-dichlorocacetamido-~l-p-

nitrophenyl-1l,3-propanediol.

H NH———————COCHCl2
02N C C CH20H
OH H

The antibiotic 1is unigque among natural compounds in
that it contains a nitrobenzene moeity and is a derivative
of dichloroacetic acid. There are four sterecisomers of
chloramphenicol but only the D-threo form has antibacterial
activity, so that in the formation of derivatives such as
the palmitate ester the stereochemical configuration of the
propanediocl side chain must be retained.9

Chloramphenicol is a neutral compound which has the

&

molecular formula C,_ H_ .Cl1 . N.O It is a white, but some-

1171277272757
times slightly grey or yellow, fine crystalline powder with

a bitter taste and considerable heat stability. It is only

3.9 but is soluble in most

11

slightly soluble in water (1:400)
organic solvents such as propylene glycol.
Chemical dosage forms of chloramphenicol have been

described.lz’l3

They include chloramphenicol, available
as the base and referred to by that name, as well as such

esters as chloramphenicol palmitate, succinate, glycinate



and undecylenate. Chloramphenicol (base) is relatively
insoluble in water and is mostly used clinically in topical
formulations or orally. It is soluble in and used in a
number of organic solvents, such as dimeﬁhylacetamide and
propylene glycol, for intramuscular use.

Chloramphenicol palmitate contains 57.5%
chloramphenicoll3 and is usually given orally. .Since it 49
tasteless, it is more easily consumed in food or water by
animals than the bitter base. It requires enzymatic
hydrolysis to chloramphenicol before absorption can take_
place. -

Chloramphenicol sodium succinate contains 65%

13 It is sufficiently soluble to be used

chloramphenicol.
in solutions that are absorbed more rapidly than suspensions.
It is usually marketed as a sterile lyophilized stable
product ready for aseptic reconstitution for intramuscular
or intravenous use. It is hydrolyzed in tissues to thera-
peutically active chloramphenicol.

Chloramphenicol undecylenate contains 65.7%
chloramphenicol. The antifungal undecylenate fraction gives

this form an oral and topical advantage.l3

MECHANISM OF ACTION

Chloramphenicol is a potent inhibitor of bacterial pro-
tein synthesis.l4 It acts primarily on the 508 ribosomal

subunit.3 The activity of peptidyl transferase, which



catalyzes peptide bond formation, is suppressed, although
ribosomes may still bind to and move along stfands of mRNA.
Ribosomal translocaﬁion thus appears to be uncoupled from
peptide bond synthesis.

The effects on mammalian cells, including some of
the hematological abnormalities observed in man, are also
thought to be related primarily to inhibition of protein
synthesis.3'15

Chloramphenicol is uéually classed as a "bacteriostatic"
agent because in vitro it arrests the multiplication of
bacteria, but does not reduce the number of living organisms.
However, chloramphenicol in high concentrations may be |

"cidal" to some organisms.l5

It has been suggestedl6

that the p-nitro group in the
chloramphenicol molecule is directly or indirectly respon-
sible for the distinct metabolic properties of the drug, e.g.
rapid influx across cell membrane, capacity of inhibition of

DNA synthesis, and marked intracellular covalent binding.

CLINICAL USES AND DOSAGE

Chloramphenicol is a broad-spectrum antibiotic and is
widely used in veterinary practice in spite of varying regu-
lations in a number of countries concerning its administra-
tion to meat, milk and egg producing animals for human

consumption. These regulations have been placed because



data on the persistence of chloramphenicol residues are

inadequate.13

Chloramphenicol has been of value in treating.

pasteurellosis (shipping fever), calf scours, Salmonella
infections, various secondary invaders in virus diseases,
kennel cough, infectious bovine keratitis, and footrot in
sheep. It has also been used in conjunction with many
other drugs in intramammary injecticns.g’ll'17
Many clinicians considér chloramphenicol to be the
drug of choice for certain ocular infections because it
penetrates ocular tissues better than many other antibiotics.
It can be administered parenterally, topically, orally, or
by diredt injection into the aqueous or vitreous humor, or
subconjunctivally.l7

The antibiotic has been useful for treating urinary

tract infections caused by sensitive Aerobacter aerogenes

and Escherichia coli sPecies.ll

Bacterial resistance is related to dosage, and outbreaks
of enteritis in calves, swine and other animals have been
caused by resistant salmonellae.17 In a recent outbreak of

Salmonella typhimurium var copenhagen infection in which the

organisms were resistant to chloramphenicol, the resistance

occurred suddenly and the bacteria were also found resistant

to tetracyclines and sulfonamides.18



The minimum therapeutic blood concentration of chlor-

"

amphenicol usually suggested is 5 ug/ml, but this is only

an average value since microorganisms vary in their suscep-
tibility to chloramp.henicol.17

Although oral administration of chloramphenicol is
feasible in monogastric animals, it is not, in adult rumi-
nants because the drug is rapidly destroyed by rumen

microflora.lg'20

Prior to the development of rumen micro-
flora in young ruminants the rapid anatomical development
of the still physiologically afunctional rumen results in
an increasing ruminal volume and delayed reticulo~rumen
empt?ing.' This is the major obstacle to drug absorption
after oral administration of cthramphenicol.21

It has been suggested that an oral loading dose of
100 mg/kg followed by 50 mg/kg at 8 hour intervals should
maintain effective plasﬁa values in all species except

ruminants.22

Although it has been recommended that ruminant
and equine animals be treated by the intramuscular route
because of the rapid elimination of chloramphenicol following
intravenous administration,22 10 g of the drug given intra-
venously for two consecutive daﬁs, successfully treated
pasteurellosis in a bull.9

Calf diptheria has been successfully treated with

single daily intramuscular injections given at the rate of

4.4 mg/kg body weight for 2 to 3 days.9 However,



intramuscular doses needed to produce and maintain thera-

peutic blood concentrations in calves were suggested to be

20 to 30 mg/kg body weight administered twice each day for

five

days.20

Dosages in some animal species, according to Rossoff

are as follows:

Cattle

Heifers
Cattle
Calves.>

2 weeks old

2 weeks old

Horses

Sheep

Lambs

Swine

TOXICITY

man,

3,23

10 g

59

10-30 mg/kg
1~ g

20 mg/kg

500 mg

50 mg/kg

10% ointments

250 mg

25~35 mg/kg

13

IV - repeat in 18 hours -
for 2-3 days

IV - BID for 2-3 days
IM - D
IM - D

IM - BID for 5 dayslafter
a similar IV dose

Oral - TID

IM or oral - once D
Topically - in footrot
Oral - BID

Oral or IP

Chloraﬁphenicol produces serious toxic effects in

although there have been several reports of toxicity

in other animals when large doses of the drug are given,

similar effects have not been reported in cattle.

The toxic effects of chloramphenicol have been divided

into 6 categories as follows: depression and anorexia; bone
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marrow depression; interference with antibody formation;
prolongation of anesthesia; blocking of neuromuscular
responsés; and miscellaneous.24
The depression and anorexia may occur any time after

chloramphenicol therapy is initiated. When 4 cats were
given 50 mg/kg/day intramuscularly for 21 days, 3 became
anorectic on the 6th day and the other one decreased 1its
food consumption on the 8th day.25 In another study
involving 32 cats, chloramphenicol or chloramphenicol

26 The cats were given either

palmitate was given orally.
50 or 100 mg/kg BID for 5 out of 7 days for 30 days (22°
treatments). None of the cats given 50 mg/kg developed any
signs of toxicity. In contrast, 4 of the 8 cats given
100 mg/kg/day exhibited either depression, anorexia, diarrhea,
emesis, or combinations of these signs. These catsidisplayed
. fewer signs though given larger doses than cats in the
previous.experiment, possibly because they were given
chloramphenicol on only 5 of every 7 days. The fact that
they were given the drug orally rather than intramuscularly
should make little difference because studies have shown
that approximately the same blood concentrations are reached
following either oral or parenteral administration.24
Chloramphenicol is more toxic to cats than dogs, since

cats are unable to conjugate drugs with glucuronic acid.27
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Depression and anorexia appear to precede more serious
effects of chloramphenicol on the hemopoietic systém.
Chloram?henicol interferes with heme formation, hematopbiesis,
and the availability of energy to cells. The bone marrow
depression and resulting anemia have been divided into 2
types: a reversible, dose-related anemia and an irreversible
aplastic anemia that is not dose—related.24 It has been
estimated that 1 of every 40,000 persons treated with
chloramphenicol may develop this aplastic anemia,3 which
has not been reported in animals. One case report28 suggests
the distinction between the -two types of anemia may not be as
clear as previcusly believed, since a fatal aplastic anemia
resulted following an apparent dose-related chloramphenicol
toxicity.

A reversible, dose-related anemia occurs in dogs, cats,

ducks, man and other animals.24’29

An adequate dose of
chloramphenicol will first depress the erythroid bone marrow
elements and if high enough doses are given, the myeloid
elements are also depressed. Because of the long life of
erythrocytes, this type of anemia will not become evident
in animals treated for less than 1 or 2 weeks.

There is some evidence that chloramphenicol will sup-
press the formation of antibodies. This haé been demon-

strated in rabbits in which chloramphenicol suppressed the

development of antibodies against foreign globulins and



12

skin-grafts.30'3l

The dosage reguired to suppress antibody
formation (500-600 mg/kg) was very large and just under the
lethal dose. It has also been observed that £he response to
a booster injection of tetanus toxoid in man was inhibited
by normal therapeutic doses of chloramphenicol.32
When given in conjunction with barbiturate anesthetics,
chloramphenicol will increase the duration of both the
surgical anesthesia and total time required for recovery.
This effect has been demonstrated in mice, rats, cats, dogs,

33-35 The total increase in duration wvaries

Vand monkeys.
from insignificant to 35 times that of control animals. 1In
cats and dogs the duration of anesthesia usually doubles.
In studies on cats given 30-35 mg/kg of chloramphenicol 10
to 15 minutes prior to administration of pentobarbital, the
duration of anesthesia increased 2.4 to 3.6 times that of

controls.34 The depth of anesthesia does not. increase;

33,34

only the time required for recovery is changed. This

effect occurs when chloramphenicol is given intramuscularly,
intravenously or orally.35 Chloramphenicol prolongs the
effect of anesthesia by inhibiting the drug-metabolizing
capabilities of liver microsomal enzymes.36

When given intravenously in large doses, some anti-
biotics, such as the aminoglycosides, produce a curare-like

effect at the myoneural junction. Cats have been tested
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for this effect with chloramphenicol, and doses up to
500 mg/kg did‘not cause neuromuscular blockade.37

The effect of chloramphenicol on wound healing has
been studied in rats. Oral and intramuscular administration
of chloramphenicol caused no effect, but intravenous admin-
istration of the drug resulted in a marked dimunition in
the amount of granulation tissue and in the rate of wound
closure.38

Studies have been performed on rats to determine the
effect of oral or intraperitoneal administration of chlor-
amphenicol on the intestinal epithelium.39 The rats were
given daily doses of 10 to 200 mg/kg of-chloramphenicol for
up to 6 days and killed at varying time intervals. Damage

to the intestinal epithelium was characterized mainly by

villous atrophy.

BIOTRANSFORMATION AND KINETICS

Chloramphenicol is transformed in the body by deacyla-
tion and glucuronide synthesis, yielding the 3-glucuronide
of chloramphenicol. This is the major excretory product
in the urine of man40 and the bovine species.41 However,
biliary excretion into the intestinal tract accounts for
the elimination of as much as 75% of an administered dose

in the dog, guinea pig and rat.42
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In addition to the glucuronide derivative of
chloramphenicol, a number of aromatic amines have been
detected as products of chloramphenicol metabolism. The
formation of amines seems to vary considerably in different
species of animals and apparently is associated with the
excretion of chloramphenicol metabolites in the bile.43
Only small amounts of diazotizable amines were found in
human urine after administration of chloramphenicol, whereas
large amounts consistently appeared in dog and in rat
urine.42

High concentrations of chloramphenicol and its metabo-
lites are excreted in bile, but wvery little appears in
feces.9 This suggests that almost all of the drug (or
metabolites) excreted via bile is reabsorbed from the
intestine into the blood (enterohepatic cycle). Direct
evidence of this cycle has been recorded in cattle.20
In this study, periodic rises of the blood level of chlor-
amphenicol suggested re-entry of the drug into-the blood
through a recirculation cycle of approximately every 90
minutes.20

The differences in elimination of chloramphenicol
between animal species are related to biotransformation
because there are no such differences for the rate of
elimination of tetraethylammonium (a drug which is not

metabolized in the body).44
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Chloramphenicol diffuses into many body tissues and
readily penetrates pleural and ascitic fluids. It also

45,46

crosses the placenta. Unlike many other antibiotics,

it penetrates well into all parts of the eye, and into the
cerebrospinal fluid, even in the absence of meningitis.15

It is evident from available data that after a given
dose plasma concentrations of chloramphenicol vary widely
in different animals,19 and also in the same animal. For
example, a dog was given the same dose of chloramphenicol
orally on 4 different occasions. The maximum plasma values
at 45, 90, and 180 minutes varied from 1.4 to 2 times the
minimum ';rall:n:-a.l'2 Timecourses of drug concentrations were
studied in dogs, cats, pigs, goats, and ponies given intra-
muscular injections of chloramphenicol sodium succinate
(22 mg/kg).l9 Absorption was rapid, with peak concentrations
occurring at 15 or 30 minutes in all species except the dog
(1 hour). Plasma half-life wvalues varied from 0.9 hour in
ponies to 5.1 hours in cats. The apparent volume of distri-
bution (Vd) varied from 1.02 L/kg in ponies to 2.36 L/kg in
cats.

Studies in cows revealed that plasma half-life wvalues
for chloramphenicol ranged from 3.5 to 7.8 hours depending

47,48 48

on the product used, while the vVd was 1.6 L/kg. Such

Vd values greater than unity are consistent with drugs, such
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as chloramphenicol, not uniformly distribpted and a fluid of

lower concentration is used to determine the Vd.20’49'
Following oral administration of chloramphenicol to

adult ruminants, the antibiotic did not reach detectable

19,50 However, the antibiotic was

values in the plasma.
readily detected in blood samples collected from calves
following oral administration. It was suggested that
absorption in the young ruminant may be related to the non-
functioning of the rumen during the first three months of
life.?ts31
When 4 calves were given (intramuscular administration)
chloramphenicol, a dose of 10 mg/kg of body weight failed to
produce therapeutic blood concentrations (»5 ug/ml).
However, doses of 20 and 30 mg/kg produced and maintained
therapeutic concentrations between the 2nd and 8th hours
and between the 2nd and 12th hours respectively.20 In a
study in cows,52 therapeutic concentrations of chloram-
phenicol in blood were maintained for 4 to 5 hours following
intravencus administration, but were not achieved after
intramuscular administration of 11 mg/kg. By either route,
therapeutic concentrations were not attained in milk.
However, at a dose of 22 mg/kg, therapeutic concentrations

were maintained for up to 6 hours in blood, and for between

2 to 8 hours in milk.
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>3 showed that the concentrations of chlor-

One trial
amphenicol in milk were on the average 50% of the serum
concentrations. The dose used was 50 mg/kg (intramuscular
administration). It has been suggested47 that a dose of
50 mg/kg be administered intramuscularly at 2 sites when
adult ruminants are treated with chlorampheniceol. Such
injections prolonged the duration of serum drug
concentrations.

fhe data on plasma protein binding of the antibiotic
in cattle indicate that at therapeﬁtic concentrations the

20,48 . It was

bound fraction is 50 to 60% of the total.
lower - 30 to 46% - in dogs, cats, swine, goats, and
ponies.19

In a comparative study in calves,54 serum chloramphen-
icol concentrations were found to rise less rapidly but they
persisted longer with subcutaneous injection than with intra-
muscular injection. Serum concentrations of the drug were
significantly lower from 2 to 3 hours post-treatment and
significantly higher at 12 hours post-treatment.

Recently published data55 suggest that chloramphenicol
is much more readily absorbed from the lungs of calves than
from-intramuscular or subcutaneous injection sites. The

rapid disappearance of the antibiotic from serum after intra-

tracheal administration was attributed to a high excretion
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rate associated with the rapid achievement of peak serum
concentrations, as well as with the lack of drug reservoir

at the éite of administration.

ASSAY METHODS

Several techniques have been developed for the assay of
chloramphenicol in biological fluids and animal tissues.

A colorimetric method56 was among the first used for
the determination of the antibiotic in body fluids. The
procedure depends on reduction of the nitro group to am
aimino group using titanous chloride56 or stannous chloride,57
followed by diazotization with acidic nitrous acid and
coupling with N-(l-naphthyl)-ethylenediamine dihydrochloride.
The procedure measures only aromatic nitro compounds that are
products of the biotransformation of chlorampheniccl, so that
inactive metabolites as well as free chloramphenicol are
measured.

In a modification of the colorimetric method by Kakemi
et él’SS on;y the free chloramphenicol extracted into isocamyl
acetate is measured. The assay is unaffected by the presence
of other nitro-or-amino group-containing compounds.s9

Following the discovéry that serum bilirubin interferes
with the colorimetric method of Kakemi et al, it was
recommended60 that small amounts of activated charcoal be

added to the isoamyl extraction step. This eliminated the

bilirubin interference.
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Microbiological procedurés have been developed for the
- assay of chloramphenicol. ‘These assays are slow.and

difficuit, if not impossiblé when two antibiotics are used

61,62

simultaneously. Among the test organisms that have

been used are Clostridium perfringens,61 Sarcina lutea,63

64

and Bacillus subtilis.

In one trial53 serum chloramphenicol concentrations
determined by a colorimetric method were 50 to 60% higher
than the concentrations determined microbiologically.

Another stud'y47 showed a difference of 20 to 40%.

Recently several groups have published methods for the
determination of chloramphenicol by high-performance liquid-
cl'lrozmatoq3':aphy.65—70 In one method,68 the drug was extracted
from biological samples with methanol and separated by
reverse-phase high-pressure liquid chromatography. Detection
and subsequent quantitation were performed by ultra-violet
spectrophotometry. Comparison with a microbiological assay
‘showed good correlation (correlatién coefficient 0.98), but
the bioassay gave slightly higher values. This suggested
that a metabolite possessed some biological activity. These
methods are specific for chloramphenicol.

A gas-liquid chromatographic method for chloramphenicol
in serum has been described which uses the electron capture

detector for quantitative measurement.71 In this procedure
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chloramphenicol was extracted from the serum with iscamyl
acetate and the ditrimethylsilyl ether was formed and
chromatographed.

Enzymatic procedures for the assay of chloramphenicol
have been déscribed.72-74 One such procedure73 was based
on the enzymological acetylation of chloramphenicol
catalyzed by an R factor-mediated enzyme. 14C-acetyl
coenzyme A served as the donor of the labelled acetyl group,
and the product, 14C-acetoxychloramphenicol, was separated
from the labelled precursor by utilizing its preferential
extraction into benzene. The product was then quantified
by liquid scintillation counting. A simplified modification
of this method75 allowed the direct extraction of
14C-acetoxychloramphenicol into scintillation fluid and
circumvented the cumbersome extraction procedures.

A fluorometric method to assay chloramphenicol involved
reduction of the nitro group by heating with zinc dust in a
hydrochloric acid medium.76 A primary amine was formed and
was reacted with fluorescamine which formed intensely fluo-

rescent fluorophors with primary amines.77 The fluorescence

produced was then measured.
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MATERIALS AND METHODS

Animals. Four healthy yearling calves having an average
weight of 202 kg (range: 168-242 kg) were used. Tﬁey were
maintained on nonmedicated feed and water throughout the
study period. Each calf was given 0.2 kg of grain daily

and allowed to feed on hay ad libitum.

Chloramphenicol preparations. Two chloramphenicol products -
chloramphenicol base in propylene glycol, and the water
soluble sodium succinate ester of chloramphenicol - were

available (Table 1).

Treatments. Chloramphenicol was administered by intra-
muscular, subcutaneous, and intravenous routes at various
calculated doses. For intramuscular or subcutaneous
administrations, injections were made deep into the gluteal
muscles or the cervical subcutaneous tissues, a maximum
volume of 20 mls being injected into any single subcutaneous
site. Intravenous injections were made within 2 to 4 minutes

into the jugular vein.
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The experiments were carried out according to the

following sequence:

CHLORAM-
EXPERIMENT PHENICOL

NO. FORM

I Base

IT Base

III Base

Iv Succinate
ester

v Base

VIa Base

VIb Base

DOSE ROUTE OF 'NUMBER OF
(mg/kg) ADMINISTRATION CALVES (n)

20 I.M. 4

20 s.c. 4

40 5.C. 4

40 s.c. 3

40 I.V. 4

30 5.C. 2

40 s.C. 2



23

TABLE 1. CHLORAMPHENICOL FORMULATIONS USED IN STUDY
PRODUCT MANUFACTURER COMPOSITION SOLVENT
TEVCOCINR INTERNATIONAL CHLORAMPHENICOL PROPYLENE
MULTIFOODS, BASE, 10% GLYCOL
MINNEAPOLIS
MYCHEL-SR RACHELLE CHLORAMPHENICOL BOILED,
" LABORATORIES, INC. SODIUM SUCCINATE COCLED,
POWDER TAP WATER

LONG BEACH

RECONSTITUTED TO
10%
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The doses were single doses except in experiments vi®
and VIb in which the doses were administered once a day for
three consecutive days.

A time lapse of at least 2 weeks was allowed between

experiments.

Sample Collection and Assay. 9 ml samplgs of blood were
collected into heparinized tubes (50 units heparin sodium
being contained in each 10 ml test tube) from the jugular
vein prior to drug administration (zero hour s§mple) and at

the following hours after drug administration:

EXPERIMENT
NO. HOURS POST ADMINISTRATION
I 1/4, 1/2, 3/4, 1, 2, 3, 4, 6, 12, 24, 36, 48
L 1/4, 1/2, 3/4, 1, 2, 3, 4, 6, 8, 10, 12, 18, 24

III & IV i/4, /2, 3/4, 1, 2, 3, 4, 6, 8, 10, 12, 18, 24,

30, 36
v 1/4, 1/2, 3/4, 1, 1%, 2, 2%, 3, 3%, 4, 6, 8, 10,
12, 24

vi® s vI® 2, 4, 6, 12, 18, 24

With experiments vi? and VIb, 36 and 48 hour samples

were also collected after the administration of the final

dose.
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A fluorometric method was used to assay for chloram-
phenicol and metabolites contained in the samples.76
The sam?ies were centrifuged immediately for 15 min. at
1,344 g to obtain plasma which was then homogenized and
deproteinized. The deproteinized samples were kept at
-20° C until the following day when they were reduced

(the nitro group being reduced with zinc in acid medium to

p-amino-aminodiol).56

The reduced samples were diluted
(1:9) with 0.5 M sodium acetate buffer and fluorescence
read before and after adding fluorescamine.a A Turner
fluorometer, model 110, with no. 7-60 primary filter and

no. 4 secondary filter was used. All the fluorometric

readings were carried out at the IX instrument range.

Standards. Bovine plasma containing 1, 3, 5, 10 and 20
ug/ml chloramphenicol plasma were prepared the day before
each experiment and similarly treated as the samples.

A reliable lower sensitivity limit for the fluorometric
detection of chloramphenicol in bovine plasma (1.0 ug/ml)

was established prior to the start of the study.

aSigma Chemical Company, St. Loulis, Mo. 63178.
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Kinetic parameters. Plasma half-life values (Tk%) and elimi-
nation rate constants were derived using a WANG 700 Series
Advanced Programming Calculator. The areas under the plasma
concentration-to-time curve (AUC) were determined by the

weighing method.78
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RESULTS

Chloramphenicol concentrations produced in the plasma
of calves after intramuscular, subcutaneous, and intravenous
administrations of various doses of the antibiotic are shown
in Tables 2 and 3 and Figs. 1 and 2. Chloramphenicol base
in propylene glycol was administeréd intramuscularly and
subcutaneously to four calves at a dose of 20 mg/kg (Table 2,
Fié. 1). .ﬁlasma chloramphenicol concentrations reached peak
levels sooner after intramuscular administration (2 hours)
than after subcutaneous administration (10 hours). The
peak concentration obtained with intramuscular administra-
tion was higher (6.2 + 2.9 ug/ml) than with subcutaneous
administration (3.6 + 1.4 ug/ml). However, the antibiotic
was still measurable in plasma 18 hours after subcutaneous
administration while only traces were present 12 hours after
intramuscular administration.

The calculated AUC for each of these two administra-
tions were very similar; 4289.8 and 4317.1 mg min/L (Table 4).
The plasma half-life of the drug (7 hours) was also similar.
The‘vplume of distribution was slightly higher (0.83 L/kg)
after.subcutaneous administration than after intramuscular
administration (0.61 L/kg), but the elimination rate con-

stant was lower (0.00556/min. and 0.00761l/min; Table 4).



28

TABLE 2. PLASMA CONCENTRATION AFTER A SINGLE ADMINISTRATION OF 2 CHLORAMPHENICOL
PREPARATIONS IN CALVES.

PRODUCT ' Base Base Base Succinate Base

MODE OF )
ADMINISTRATION I.M. s.C. 5.C. s.C. I.V.
DOSE mg/kg 20 20 40 40 40
No. of Calves 4 4 4 3 4
Time in Hours Concentration, ug/ﬁl ' Mean (standard deviation)
0 0.0 0.0 0.0 0.0 0.0
1/4 0.0 T T 11.4 (l1.8) 37.9 (l.6)
1/2 1.5 (2.4) T 1.1 (0.2) 8.7 (1.1} 33.1 (2.4)
3/4 1.6 (1.7) T 0.8 (0.5 8.5 (1.9} 32.6 {5.8)
L 3.4 (3.5) T 1.7 (0.4) 8.9 (l.6) 30.7 (4.2)
11/2 X X X X 25.7 (5.4)
2 ¥ 6.2 (2.9) ‘ 1.5 (1.6} 4.5 (1.3) 8.4 (0.7) 27.8 (2.5)
2 /2 X X X X 23.3 (4.7)
3 5.3 (2.8) 2.4 (2.6) ‘ 6.5 (3.3) 7.3 (0.6) 29.5 (2.3
31/2 X X _ X X 23.2 (6.1)
4 . 4.9 (2.7) 3.3 (3.0) 7.5 (3.8) 7.8 (0.3) 21.3 (3.2)
) 4.9 (1.3) 3.3 {1.7) 9.4 (3.2) 6.8 (0.4) 16.2 (2.2)
8 . X 2.7 (L.1) 8.8 (2.4) 4.9 (0.5) 12.7 (L.9)
10 X 3.6 (1:4) 8.1 (1.7) 4.3 (0.1) 11.8 (1.3
iz T 3.1 (1.5) 7.3 (1.7) 3.7 (0.4) 7.7 (1.9)
18 X 1.8 {0.8) 5.4 (0.9) 1.7 (0.2) p4
24 0.0 T 2.8 (0.4) T 1.3 (0.9}
30 X X T iy X
36 0.0 X T 0.0 X
43 0.0 X X X X

X = not determined

T = Trace

i.e., Chloramphenicol concentration gualitatively detectable but below the
reliable lower sensitivity limit (1.0 ug/ml) of the procedure used.
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TABLE 3. PLASMA CONCENTRATION AFTER THE SUBCUTANEOQUS
ADMINISTRATION OF CHLORAMPHENICOL BASE DAILY
FOR THREE CONSECUTIVE DAYS IN 2 CALVES

DOSE mg/kg
POST ADMINISTRATION 30 40
Concentration (ug/ml)
Time (hours) Mean (standard deviation)
Day 1l: 0 0.0 0.0
2 2.4 (0.8) 4.4 (0.4)
4 3.8 (0.7) 5.5 (0.8) -
6 3.6 (0.3) 9.0 (1.0)
12 4.9 (1.0) 7.0 (1.0)
18 3.1 (1.2) a2 (2:2)
24 L.2 (0.7} 2.4 (0.6)
Day 2: 2 3.2 (0.1) 6sd (0.9)
4 5.4 (0.3) 9.8 (0.1)
6 6.2 (0.6) 10.2 {0.7}
12 5.9 (0.8) 9.8 (1.8)
18 3.8 (0.7) 7.4 (1.4)
24 2.0 (0.6) 5.3 (1.1)
Day 3: 2 5.9 (1.3) 9.9 (0.2)
4 11.2 (2.1) 14.1 (1.9)
6 9.6 (0.0) 11.9 (0.9}
12 7.4 (0.3) 117 {0.7)
18 4.4 (0.5) 7.4 (1.7)
24 2.4 10.1) 4.6 (1.3)
36 T 1.9 (1.2)
48 T T

T = Trace, i.e., chloramphenicol concentration qualita-
tively detectable but below the reliable lower sensitivity
limit (1.0 ug/ml) of the procedure used.
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Fig.1. ‘Mean plasma chloramphenicol concentrations in calves after the
administration of two products. '

40
38 - A
| E
36 : ¢——e—e Chioramphenicol base
I , n=4; i.m.; Dose =20 mg/kg
34 7 ’A | EREEES DRRLEE | Base
—_ - A nz=4; s.c.; Dose:=: 20 mg/kg
= . |
\% 5 Am==A=~--A Base
g’. 30 - ! A n=4; s.c.; Dosesz 40 mg/kg
~ oA g--~0---0 Chioramphenical sadium
2 281 Lo succinate
o) el n=3; s.c.; Dose = 40 mg/kg
: 28 1 KI | A—-.A—-- & Base )
g 04 L} n:=4, iv.;, Dose =z 40 mg/kg
2 ia
O 22- |
2 A
S 204 y
\
5 18- .
(8]
Z 164 k\
w :
£ 144 '
= a
< i ~
= 12 3 .L\
Q 2
1
z 1 i B, \
) 4’ “A.
Q 8"' f? a ’ "'A._
.’__-ﬁ.—.ﬁ

]

2N ¢
4 6 8 10 12 14 16 18 20 22 24 30 36

HOURS POST ADMINISTRATION



3L

SHNOH
gv 9t ve 8l zlL avzvez 9l
L i L1
_ ° 2
-
L Z O
)
- b =
o
- 9 T
m
<
- 8 = m
20
~
- 01 =
LB o
P
! m
| __ o
, - 91 mm_
uvoyjaelu] pig uopyaalu] pugz uotyaslul 351 >
T=u - B1 =
By/6w oy =9s0q e—e—» 0
L 0T P

g=u
A By/Bw Qg 9500 wv...v..-¥

‘sAep JAjINo29su0D 991y} J0j Aep e asuo0 aseq _
jodiuaydwelojyd jo uojiessiujwpe SNOdueINOGNS 1931je saajeo jo ewsejd uy uoljerjuassucd Bnug ‘g "Bi4



o~
- (SYH) WL

sSTTE gz 0T cT'otL ST 91 ST -t Al Gz oL GZ'8 _GT9 STY ST¢T 1A '®)

g =
0 )
L ¢ X

>

-5
oL 0.

T

m

6L &

O

o L 02 -

9 o 0

- GT O

SHH 9 =(% 1) 341-4TVH VWSV Id 0 <

%o 9 L oc ﬁ_.:u

5 ° Z

'—

0 & - Ge W

08 -

00 For O

-

* - ™

i =

(o]

e

Swil} uo uoeUIdU0D jodjudydwelopyd JO UoISSaIBal PIAIND = ¢—d—d "SIA[RD [ENPIAIPUI W

ul uopjesusdu0s Brup sjussardas o, 3om2 yoeg -(Jybiam Apoq By /Bw 0¥) 10o1uayduwiesojyo
j0 uonjensUWPe snoudAeJIUl JS1JE SI9AJED UNOj Jo ewse|d U] uoljeIjuUL2U0D BruQg

€914



33

TABLE 4. MEAN KINETIC PARAMETERS FOR THE DISAPPEARANCE OF

CHLORAMPHENICOL FROM THE PLASMA QOF CALVES.

PRODUCT Base Base Base Succinate Base
MODE OF
ADMINISTRATION Lem. S« s s.C. Sy Cie L.v,
No. of Calves 4 4 4 3 4
DOSE mg/kg 20 20 40 40 40
KINETIC PARAMETERS
T% (hr.) 7 7 8 7 5
;’(min.-l) 0.00761 0.00556 Q.00804' 0.00963 "~ 0.0513
Vd (L/kg) 0.61 0.83 0.57 0.69 0.93
AUC ' -1

(mg.min.L ™) 4289.8 4317.1 8788.3 5977.4 16992.0
T = plasma half-life.
}? = elimination rate constant.
v = volume of distribution.

AUC = area under the plasma drug concentration versus time

curve.
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Chloramphenicol base in propylene glyccl was injected
subcutaneously (40 mg/kg) and peak drug céncentrations
(9.4 + 3.2 ug/ml) were obtained 6 hours post-administration
(Table 2, Fig. 1l). The AUC was approximately double the
value obtained when half this dose was given either sub-
cutaneously or intramuscularly, but the hélf-life (8 hours)
was very similar (Table 4). The elimination rate constant
(0.00804/min) was higher than the value obtained (0.00556/
min) after the antibiotic was administered at the dosage of
20 mg/kg subcutaneously.

Peak plasma chloramphenicol levels (11.4 + 1.6 ug/ml)
were attained rapidly (15 minutes) after 3 calves were given
chloramphenicol sodium succinate subcutaneocusly at a dose of
40 mg/kg (Table 2, Fig. 1). The plasma half-life of the drug
was 7 hours, but the AUC (5977.4 mg.min/L) was cohsiderably
lower than that obtained when the base was given at this same
dose (40 mg/kg) subcutaneously (Table 4). The largest AUC
(16992.0 mg.min/L) occurred after the intravenous administra-
tion of chloramphenicol base at a dose of 40 mg/kg to four
calves; peak plasma concentrations of 37.9 + 1.6 ug/ml were
obtained. The elimination rate constant by this route was
more than six times the value obtained when the same dose of
the base was administered subcutaneously (0.0513 and 0.00804

mg.min/L; Table 4).



35

Three subcutaneous injections of chloramphenicol base
(30 mg/kg or 40 mg/kg), given 24 hours apart, resulted in
progressively increasing plasma drug levels (Fig. 2). Mean
peak plasma concentrations were found 12 hours after the
first injection of 30 mg/kg, while the mean peak plasma
concentration occurred at 6 hours after the first injection
of 40 mg/kg (Table 3). In both groups this peak plasma
concentration occurred at 4 hours post-administration fol-

lowing the third treatment.
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DISCUSSION

The minimum inhibitory concentration of chloramphenicol

9,11 49,79 oo of

suggested for most pathogens is 5 ug/ml.
the objectives of this study was to monitor plasma concen-
trations of chloramphenicol after the intramuscular,
subcutaneous and intravenous administrations of the anti-
biotic at different dosages. Since this was not a tissue
residue study, sampling periods were not extended ever 48
hours post administration in aﬁy of the trials.
Chloramphenicol base was rapidly absorbed by the calves
given the drug via intramuscular injection (20 mg/kg).
Chloramphenicol was detectable in plasma 30 minutes after
administration and tﬁerapeutic plasma levels were attained
2 hours after administration, but were maintained for barely
4 hours thereafter (Table 2). Sisodia, et glzo used this
dose in calves and reported therapeutic concentrations of
chloramphenicol between 2 and 8 hours after administration.
The large individual variations (Table 2) seen after intra-
muscular treatment have been reported elsewhere47 and reflect
the erratic absorptive nature of intramuscularly administered

19

chloramphenicol. Davis, et al has shown that an intra-

muscular dose of chloramphenicol sodium succinate (22 mg/kg)
was insufficient to maintain therapeutic blood concentrations

in pigs longer than 1% hours. In this same study,19
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chloramphenicol was not detected in the plasma of pigs given
chloramphenicol dissolved in N,N-dimethylacetamide by the
intramuscular route. This shows that the choice of vehicle
is important with the intramuscular administration of
chloramphenicol.

It is clear that the dose of 20 mg/kg given subcuta-
neously did not produce therapeutic plasma levels.
Absorption was probably delayed because of the poorer blood

supply of that region compared to muscle.80

Palpable sub-
cutaneous swellings developed at the injection sites and
persisted for over one week, but did not appear to cause
any discomfort. From a practical standpoint, neither the
intramuscular or subcutaneous dose of 20 mg/kg should be
used in treating calves.

Chlorampheniéol base injected subcutaneously (40 mg/kg)
produced and maintained therapeutic concentrations between
3 and 18 hours after administration (Table 2). The anti-
piotic was still detectable in plasma 24 hours after adminis-
tration (Table 2, Fig. 1). Subcutanecus swellings developed
but persisted longer, disappearing in all but one calf before
the animals were used again two weeks later. Absorption was
faster when the same dose of chloramphenicol sodium succinate
rather than the base was administered subcutaneously, peak
plasma levels being attained 15 minutes after administration

(Table 2, Fig. 1). Therapeutic concentrations produced were
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maintained through the sixth hour after administration.
There were no swellings at the injection sites. It is
probable that the swellings observed after the subcutaneous
administration of the base were caused by the propylene
glycol solvent.

When administered in equal doses, chloramphenicol and
its sodium succinate ester exhibit different pharmacokinetic
patterns in the same animal species. It has been shown that

in infants and children,81

a 50 mg/kg intramuscular dose of
the ester produced peak serum levels at least twice as high
as those observed after treatment with chloramphenicol base.
Mercer, et 2;?2 treated dogs intramuscularly at the rate of
120 mg/kg/day in equally divided doses. Mean peak serum
levels were 4.1 ug/ml after administration of chloramphenicol
and 19.5 ug/ml with the ester. 1In calves, Hjerpe55 showed
that at a similar dose (20 mg/ib. intramuscular) the ester
produced peak serum levels three times as high as the peak
produced by chloramphenicol. Ziv, et 5&53 reported that
after a single intramuscular injection of chloramphenicol or
its ester given in equivalent doses (50 mg/kg), different
mean peak serum levels were produced in cows; 3.8 ug/ml at
3-4 hours for chloramphenicol and 25.0 ug/ml at 1 hour for
the ester. Our data complement these findings.

We studied the disappearance of intravenously injected

chloramphenicol base (40 mg/kg; Table 2, Fig. 1). The
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initial rapid phase described for piglets83 was not observed
in the calves. 1Its absence in calves migﬁt be due to rapid
distribution in the body since steady state concentrations
of metabolites build up rapidly and also because of the high
lipid solubility of chloramphenicol.48 Plasma chloram-
phenicol concentrations were high (37.9 + 1.6 ug/ml) 15
minutes after administration and were still above therapeutic
concentrations (Table 2) 12 hours after administration.
However, since all samples collected from 15 minutes to

8 hours after administration showed extensive hemolysis, the
treatment of calves with intravenous chloramphenicol base in
propylene glycol is not feasible, especially if the patient
ig critically ill. The hemolysis observed was probably due
to the solvent, propylene glycol, rather than the drug.
Slight hemolysis in blood samples have been reported48 in
cows after the administration of chloramphenicol base in an
unspecified organic solvent at a dose of 20 mg/kg. Gross,

et als4

—— ——

has shown that propylene glycol was responsible for
adverse cardiovascular effects following the intravenous
administration of commercially available oxytetracycline in
propylene glycol. The intravenous injection of agqueous
oxytetracycline preparations did not produce any adverse
effects.

When chloramphenicol dissolved in a 50% agueous solution

of N,N-dimethylacetamide was given intravenously at a dosage
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of 22 mg/kg, plasma levels dropped below detectable limits
within 6 hours in the swine and pony, but at later times in
the goat, cat and dog.19
The finding of transient elevations of plasma chloram-
phenicol levels 2 and 3 hours after intravenous administra-
tion of chlorampheniéol base (Fig. 1) corroborate the report

47,52 and are considered to result from the entero-

of others
hepatic circulation of chloramphenicol. Kinetic parameters
(Table 4) confirm that the plésma half-life is independent

85,86

of the dose and route of administration. A half-life

value of 5 hours (Table 4) was determined from a semi-

logarithmic plot85

of chloramphenicol concentration against
time when the antibiotic was given intravenously. Howevef,
it was found thét a quadratic equation87 fitted the data

more satisfactorily, and the half-life of 6 hours thus
obtained (Fig. 3) corresponded better with values calculated
for intramuscular and subcutaneous administrations (Table 4).
Plasma half-life values for chloramphenicol depend to a large
extent on the animal species and on the formulation of the
antibiotic. When dogs, cats, swine, goats, and ponies were
given a single intravenous dose of chloramphenicol (22 mg/kg),
plasma half-life values varied from 0.9 hour in ponies to

5.1 hours in cats.lg A plasma half-life of 3.5 hours was

reported48 in cattle when chloramphenicol dissolved in an

unspecified organic solvent was injected intravenously



.41

(20 mg/kg). Nouws and Ziv,47 using several parenteral
formulations of chloramphenicol reported half-life values
ranging from 4 to 7 hours.

Since the AUC reflects the total absorption of drug,78
the highest value for this parameter was calculated for the
intravenous administration (Table 4). The AUC was higher
when chloramphenicol base was injected subcutaneously at
the dosage of 40 mg/kg than when the ester was injected at
the same dose. The initial rapid rise in plasma drug con-
centrations and the exponential fall in conceﬁtrations
during the 8 hours after peak concentrations were reached
(Fig. 1) suggest that the ester undergoes rapid hydrolysis.88

The calculated values for the volume of distribution

48,49

(Table 4) are lower than those reported elsewhere, and

reflect upon the assay method used76 that detect the- unchanged
chloramphenicol and its metabolites being measured.
Nevertheless, the calculated values (Table 4) indicate wide-
spread distribution of chloramphenicol in the body.49'89'90
From the data obtained after the chloramphenicol base
was administered subcutaneously at 20 mg/kg and 40 mg/kg
(Table 2), it was decided to design and test a dosage regimen
for chloramphenicol in calves. The lower dosage (30 mg/kg)
did not produce therapeutic plasma levels of chloramphenicol

during the first day of treatment (Table 3, Fig. 2), but

plasma levels increased steadily to therapeutic proportions



42

during the second and third days of treatment. The higher
dose (40 mg/kg) prodﬁced therapeutic concentrations of the
drug ali three treatment days (Table 3).

It is recommended that to treat infections in calves
susceptible to chloramphenicol, an initial dosage of
40 mg/kg of body weight be given subcutaneously. Doses
ranging from 30 to 40 mg/kg (depending on the severity of
the infection) méy then be administered subcutaneously once
every 24 hours to maintain therapeutic blood concentrations
(»5 ug/ml). From Table 3 and Fig. 2 it is obvious that if
needed treatment must continue beyond three days since plasma
concentrations of the antibiotic had dropped bélow thera-

peutic levels 24 hours after the third (last) injection.
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APPENDIX A

Typical Trial Protocol

The day before the trial

1. Weigh each calf. Record weights.
2. Prepare solutions:
(a) For homogenizing, deproteinization, reduction and
analysis.
(b) For standards: to contain 0, 1, 3, 5, 10 and 20 ug
chloramphenicol/ml of plasma.
3. Calculate trial dose on weight basis.

4. Label 10 ml test tubes to be used for blood collection.

The day of the trial

1. Add 50 units heparin sodium to each labelled test tube.

2. Prepare chloramphenicol solution: base in propylene
glycol or sodium succinate ester in boiled and cooled
tap water.

3. Prepare calves; each calf restrained in its stall.

4. Draw a blood sample from the jugular vein {(zero hour
sample) .

5. Inject calculated amount of chloramphenicol.

6. Draw blood samples at specified post-~administration

periods.
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Centrifuge samples immediately to yield plasma. During

sampling intervals, label further sets of test tubes for:

(a) plasma

(b) homogenizing and deproteinizing plasma

(c) reducing deproteinized samples, and

{(d) diluting reduced samples (using 0.5M sodium acetate
buffer)

Homogenize and deproteinize the samples immediately

after collecting them. Freeze at -20° C and store.

Freeze and store the remaining plasma.

Carry out the reduction step the next day and read

fluorescence.
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APPENDIX C
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Its broad spectrum of effectiveness and wide tissue
distribution make chloramphenicol a very attractive drug
in clinical practice. The antibiotic is therefore used to
treat infections in animals such as calves and pigs, in
spite of the restrictions placed on its used in food pro-
ducing animals in the United States and other countries.
Although there are dosage regimens designed for the intra-
muscular and intravenous use of the antibiotic in calves,
no studies have been carried out for the subcutaneous use
of the drug, in spite of the increasing popularity of this
route among practitioners.

Our studies aimed at developing a dosage regimen for
subcutaneously injected chloramphenicol in calves based
upon kinetic data. Four calves were used in six experiments
conducted with two weeks between each experiment. The
calves were given single doses of chloramphenicol base iﬁ
propylene glycol intramuscularly (20 mg/kg), subcutaneously
(20 mg/kg and 40 mg/kg), and intravenously (40 mg/kg).
Three of the calves were also tested with a single subcuta-
neous dose of chloramphenicol sodium succinate (40 mg/kg) .

For the regimen study, the calves were randomly divided
into two groups. One group received chloramphenicol base
at a dose of 30 mg/kg subcutaneously, while for the other

group the antibiotic was administered by the same route at



a dose of 40 mg/kg. Each calf was treated once a day for
three days.

Minimal therapeutic concentrations (5 ug/ml) were
attained two hours after the single intramuscular dose
but were barely maintained for four hours. At no time were
therapeutic concentrations attained after the single sub-
cutanecus administration of the antibiotic at the lower
dose (20 mg/kg). However when the higher dose (40 mg/kg)
was used plasma chloramphenicol levels were above
therapeutic concentrations between 3 and 18 hours after
administration. -Peak plasma chloramphenicel values (11.4
ug/ml) were reached rapidly (15 minutes) after the sodium
succinate ester of the drug was administered as a single
dose (40 mg/kg), but plasma levels dropped below therapeutic
concentrations 8 hours after administration.

Although the single intravenous administration of the
base (40 mg/kg) gave high plasma levels through 12 hours
after administration, this route of delivering the drug is
not feasible in critically ill animals, since the solvent,
propylene glycol, caused extensive blood hemolysis for up
to 8 hours after administration.

Kinetic parameters following single dose administration
showed that the pl;sma half-life of chloramphenicol was

independent of the dose or route of administration.



It is recommended that to treat those infections in
calves which are susceptible to chloramphenicol, an initial
dose of 40 mg/kg be administered subcutaneocusly. Doses
ranging from 30 to 40 mg/kg may be administered once every
24 hours after the initial dose to maintain therapeutic

blood concentrations.



