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The excretion of cefprozil into breast milk in nine healthy, lactating female subjects was investigated. Each
subject received a single 1,000-mg oral dose of cefprozil consisting ofcis and tramns isomers in an approximately
90:10 ratio. Serial blod, urine, and breast milk samples were collected and analyzed for the concentrations of
the cis and trns isomers by a specific high-pressure liquid chromatography-UV assay. The mean pharmaco-
kinetic parameters for both isomers were essentialy the same. The mean peak concentrations in plasma for the
cis isomer were 14.8 Fg/ml, and the area under the concentration curve was 54.8 ,ug* h/mi. The mean values
of elimination half-life, renal clearance, and urinary excretion for the cis isomer were 1.69 h, 164 mI/min, and
60%, respectively. The mean concentrations in milk of the cis isomer over a 24-h period ranged from 0.25 to
3.36 pg/ml, with the maximum concentration appearing at 6 h after dosing. The average mamum
concentration in milk of the twas isomer was less than 0.26 pg/ml. The concentrations of the twans isomer in

plasma and in breast milk were about 1/10 of those for the cis isomer. Less than 0.3% of the dose was excreted
in breast milk for both isomers of cefprozil. Even if one assumes that the concentration of cefprozil in milk
remains constant at 3.36 pig/ml (the highest concentration of cefprozil observed in breast milk), an infant
ingesting an average of 800 ml of milk per day will be exposed to a maximum amount of about 3 mg of cefprozfl
per day. This value represents about 0.3% of the maternal dose. Low excretion of cefprozil in breast milk and
the excellent safety profile of cefprozil suggest that this cephalosporin may be administered to nursing mothers
when indicated.

Cefprozil is an oral cephalosporin consisting of cis and
trans isomers in an approximately 90:10 ratio. The structure
is similar to that of other oral cephalosporins with a propenyl
side chain. Cefprozil has a broad antimicrobial spectrum. It
is reported to be more active than cefaclor and cephalexin
against streptococci, Listeria monocytogenes, and Hae-
mophilus influenzae (12). Comparison of cefprozil and ce-
faclor against Staphylococcus aureus isolates, the MICs of
cefprozil and cefaclor against 50% of the strains tested are

0.5 and 1 ,ug/ml, respectively, for the strains lacking penicil-
linase and 2 and 8 .ig/ml, respectively, for the strains
producing penicillinase. Cefprozil has activity comparable to
that of cefaclor and is more active than cephalexin against
members of the family Enterobacteriaceae (5, 8, 12, 17).

Cefprozil demonstrates dose-proportional pharmacokinet-
ics in the oral dose range of 250 to 1,000 mg (1, 3). The
elimination half-life (tjt2) of cefprozil is about 1.3 h. At the
1,000-mg dose level, the maximum concentration in plasma
Cm is around 18 xg/ml and appears at about 1.5 h after
dosing (1, 3). The values for human serum protein binding of
the cis and trans isomers are approximately 36 and 44%,
respectively (20). Cefprozil is cleared primarily by urinary
excretion, and approximately 55 to 70% of intact cefprozil is
recovered in urine (1, 3). The pharmacokinetics of the two
isomers have been shown to be similar after oral administra-
tion (18, 20, 21).

Antibiotics have been widely used in nursing women to
treat bacterial infections. Thus, nursing women are potential
recipients of therapy with cefprozil. Because of increasing
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emphasis on the breast-feeding of infants, evaluation of the
excretion of drugs into breast milk is important. This study
was designed to investigate the extent of excretion of cef-
prozil into human breast milk after the administration of a
single 1,000-mg oral dose of cefprozil to lactating women.

MATERIALS AND METHODS
Antibiotics. Cefprozil was supplied as a capsule containing

approximately 250 mg of cefprozil (lot 20823). Each
1,000-mg dose was individually packaged in a bottle contain-
ing four 250-mg cefprozil capsules.

Subjects. Nine healthy, lactating female volunteers were

selected. All subjects had decided to discontinue breast
feeding their infants prior to recruitment into the study. Time
of lactation was between 6 and 12 months. The subjects were
selected with no history or evidence of chronic infectious
disease, heart disease, renal disease, hepatic disease, pul-
monary obstructive disease, bronchial asthma, hyperten-
sion, or glaucoma. Subjects did not have a history of drug
hypersensitivity or intolerance. Physical examination, EKG,
and clinical laboratory results indicated these women were

healthy. The subjects had a mean standard deviation age
of 29 + 3 years (range, 24 to 35), a mean body weight of 59
+ 7 kg (range, 48 to 68), and an average height of 164 ± 8 cm
(range, 147 to 174).
Study design. This was an open, single-dose study de-

signed to determine the extent of excretion of cefprozil into
human breast milk. Nine women entered the clinical site on
the evening prior to the dosing study day and stayed until 24
h after dosing. After signing an informed consent, each
subject received a single oral 1,000-mg dose of cefprozil. All
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subjects fasted overnight prior to dosing and until 4 h
postdose.
Drug administration. Four capsules of 250 mg of cefprozil

were administered one at a time directly to the subjects. The
capsules were swallowed with 200 ml of tap water without
chewing or crushing the dosage form. The subjects remained
ambulatory for at least 10 min every half-hour during the first
2 h after drug intake.
Sample collection. Approximately 5 ml of blood was col-

lected at each sampling time into tubes containing 143 U of
sodium heparin. The blood samples were taken at predose
and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 10, and 12 h
after dosing. Blood samples were centrifuged, and the re-
sulting plasma was prepared within 1 h after collection and
stored at -20°C.

Urine samples were collected from each subject over the
following intervals: predose and 0 to 2, 2 to 4, 4 to 6, 6 to 8,
8 to 12, and 12 to 24 h after dosing. Urine specimens were
kept refrigerated during the collection period. The volume
and the pH of each collection were measured to the closest
1 ml and 0.1 pH units, respectively. Exactly 5 ml of urine
was transferred to a screw-cap polypropylene tube contain-
ing 5 ml of 0.02 M acetate buffer, pH 3.8. The buffer-diluted
urine was mixed thoroughly and stored frozen at -20°C.

Breast milk samples were collected from each subject
according to the following schedule: predose and 2, 4, 6, 8,
12, and 24 h after dosing. The subjects were instructed to
aspirate each breast of all available milk at the scheduled
times. A mechanical pump was used to achieve as complete
a collection as possible. Milk samples were stored in sepa-
rate collection vessels for each time point. The volume of
each collection was measured to the closest 1 ml. Exactly 5
ml of milk was transferred to a screw-cap polypropylene
tube and stored frozen at -20°C.
Sample analyses. Plasma, urine, and breast milk samples

were analyzed for intact cis and trans isomers of cefprozil by
validated high-pressure liquid chromatography-UV methods
(20). Plasma, urine, and breast milk quality control (QC)
samples were prepared prior to the initiation of the study and
sent to the clinical site. They were returned with the study
samples and assayed with the study samples to verify the
accuracy, precision, and reproducibility of the assay and the
stability of the cis and trans isomers during storage and
shipment.

Standard curves in plasma and urine were linear for both
isomers. The standard curves of the two isomers ranged
from 0.1 to 20.0 p,g/ml for the plasma assay and from 5 to 500
pLg/ml for the urine assay. The lowest quantification limits for
both isomers were 0.1 and 5 j,g/ml in the plasma and urine
assays, respectively. The between-day and within-day errors
for plasma and urine QC samples were less than 15 and 4%,
respectively, for both isomers. The mean observed QC
concentrations deviated less than 12 and 3% from the
corresponding nominal concentrations for both isomers in
plasma and urine, respectively.

Standard curves for the cis and trans isomers in breast
milk were also linear. The standard curves of the two
isomers ranged from 0.05 to 7.5 ,ug/ml. The lowest quantifi-
cation limits for both isomers were 0.05 jig/ml. The between-
day and within-day errors for breast milk QC samples were
less than 3% for both isomers. The mean observed QC
concentrations deviated less than 9% from the correspond-
ing nominal concentrations for both isomers.
The performance of standard curves and QCs indicated

these analyses were accurate, precise, and reproducible.
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FIG. 1. Mean C versus t curve for the cis and trans isomers of
cefprozil. +, cis isomer; A, trans isomer.

The QC results also demonstrated that both isomers were
stable during sample storage and shipment.

Pharmacokinetic analyses. Noncompartmental pharmaco-
kinetic parameters were calculated by standard methods (9,
16): the Cm., the corresponding sampling time (Tm.), area
under the concentration in plasma (C) versus time (t) curve
from 0 h to infinity (AUCO,), the area under the first
moment of the C versus t curve (AUMC), mean residence
time in the body (MRT), elimination t112, total urinary
recovery as percentage of dose administered (%UR), and
renal clearance (CLR). Terminal elimination rate constants
(13) were estimated for C versus t profiles by performing
linear least-squares regression analysis of the linear segment
of the log C versus t data. The data were fitted to the
following function: In C = ln B - ,Bt, starting with the last
three C versus t datum points. The procedure continued,
adding preceding datum points one at a time, until Cmax was
reached. The terminal log-linear portion was defined by the
data set for which the mean square error term from the
regression was minimized. Elimination t112 was estimated by
dividing -0.693 by P. AUC and AUMC from 0 h to tm, the
time at which the drug concentration appeared to decline in
a log-linear manner, were calculated by using the trapezoidal
rule. From tm to tn, the last nonzero datum point, the
log-trapezoidal rule was used, and then the data were
extrapolated to infinity (16).

RESULTS

Safety assessment. A total of seven subjects experienced
mild to moderate nausea, and two of the seven subjects also
experienced vomiting at 8 min and 1 h after dosing. Two
subjects had no adverse experiences at all. Treatment was
not needed for any of the adverse experiences, and none
lasted beyond 4 h after dosing.
No significant laboratory abnormalities occurred during

the study. No abnormal findings were noted on poststudy
physical examinations.

Pharmacokinetics. The mean C versus t profiles for the cis
and trans isomers are presented in Fig. 1. Although two
subjects vomited after the administration of cefprozil, there
was no apparent decrease in the values of AUC, Cma, or
%UR. The mean pharmacokinetic parameters Cma,, Tmax,
MRT, t112, AUC_O, %UR, and CLR for the intact cis and
trans isomers of cefprozil are provided in Table 1.

Cefprozil consists of the cis and trans isomers in an
approximately 90:10 ratio. The Cm. and AUC><:, values for
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TABLE 1. Mean (standard deviation) pharmacokinetic parameters for the cis and trans isomers of cefprozil after oral
administration of 1,000 mg of cefprozil

Isomer Cmax (pg/ml) Tmaxa (h) MRT (h) t1/2 (h) AUC,hCL0 %UR(~Lg h/mi) (mmi/m)

cis 14.8 (3.2) 2.0 (1.5-3.0) 3.38 (0.39) 1.69 (0.37) 54.8 (10.9) 164 (33) 60 (7)
trans 1.9 (0.8) 2.0 (1.0-3.0) 3.41 (0.59) 1.35 (0.56) 6.2 (1.2) 161 (65) 46 (9)

a Median (minimum-maximum) reported.

the trans isomer were approximately 1/10 of the values
observed for the cis isomer. The respective mean values of
Cmaxand AUCOG were 14.8 p,g/ml and 54.8 h ,uLg/ml for the
cis isomer and 1.9 ,ug/ml and 6.2 h pg/ml for the trans
isomer. The values of CLR and %UR were similar for the
two isomers. The respective mean values for CLR and %UR
were 164 ml/min and 60% for the cis isomer and 161 ml/min
and 46% for the trans isomer. The other pharmacokinetic
parameters, such as Tm., tj/2, and MRT, were essentially
the same for the two isomers. The respective values of t1/2
and MRT were 1.69 and 3.38 h for the cis isomer and 1.35
and 3.41 h for the trans isomer. The median values of Tm.
for both isomers were 2 h.

Cefprozil concentrations in breast milk increased and
decreased slowly over the 24-h period after dosing in com-

parison with the C versus t profile. The mean concentrations
in milk of the cis isomer were in the range of 0.3 to 3.4 p,g/ml
and generally peaked at 6 h after dosing. Because of the
relatively slower elimination from milk than plasma (Fig. 2),
the concentrations in breast milk of the cis isomer were

higher than those in plasma from 6 h after dosing. The mean

concentration in milk of the cis isomer at 24 h after dosing
was 0.3 p,g/ml, while most of the concentrations in plasma at
12 h were less than the assay quantification limit (0.1 p,g/ml).
Therefore, the ratios of concentration in breast milk to
concentration in plasma (M/P) of the cis isomer increased
with time. The mean M/P ratio increased from 0.05 at 2 h
postdose to 5.67 at 12 h postdose (Table 2). The ratio of M/P

AUC0Q. was 0.6 + 0.2.
Only 22 of 63 breast milk samples had quantifiable con-

centrations (20.05 ,ug/ml) of the trans isomer, which is
consistent with the trans isomer representing about 10% of
the cis isomer. Since only trace amounts of trans isomer
were found in the breast milk samples, no M/P ratio was

calculated.
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FIG. 2. Mean concentrations in plasma and milk for the cis
isomer of cefprozil. +, plasma; 0, milk.

DISCUSSION
The overall pharmacokinetic characteristics of cefprozil

are consistent with those previously reported for young
female subjects (4a). The low concentration of cefprozil in
breast milk is comparable with values previously reported
for other ,-lactam antibiotics. The peak concentrations in
breast milk of ampicillin (4, 13), amoxicillin (11), cephalexin
(11, 14), cefroxadine (14), and cefadroxil (11, 13) after
approximately a 1-g oral dose was given were 0.9, 0.8, 0.5,
0.4, and 1.6 ,ug/ml, respectively. When parenteral P-lactam
antibiotics were administered at a 1-g dose, the breast milk
levels were also low. The peak concentrations in milk were
2.4, 1.5, 1.7, 1.6, and <0.5 ,ug/ml for cefsulodin (6), cefazolin
(24), ceftriaxone (10), cefotaxime (15), and cefoxitin (7),
respectively.

Excretion of a drug across the capillary endothelium into
the alveolar cells and, subsequently, into the lumen with the
milk is determined by a number of factors. In general, drugs
with high bioavailability, low protein binding, small volumes
of distribution, and long plasma t112 have a great potential to
be excreted in milk. However, certain other physicochemi-
cal properties such as the degree of drug ionization in
maternal plasma and lipophilicity are also important deter-
minants. Most drugs enter the breast milk by diffusion of the
nonionized form of the drug. Cefprozil is a weak acid (low
pKa) and therefore is more ionized in the maternal plasma,
relative to many drugs with higher pKa's. Further, many
weak acids exhibit low lipophilicity, and these two charac-
teristics may explain cefprozil's low excretion into breast
milk. This phenomenon is also observed in other cephalo-
sporins and penicillins, all of which are weak acids.
The M/P ratio does not necessarily remain constant under

all conditions and at all times after dosing, as was the case
with cefprozil (Table 2). It is common to find that the M/P
ratio increases with time after drug administration. The ratio
may be affected by milk volume, pH level, protein and fat
content of the milk, and physicochemical properties of the
drug. Pharmacokinetic characteristics of a drug have been
demonstrated to affect the M/P ratio over different times

TABLE 2. Mean (standard deviation) concentrations in breast
milk and M/P ratios for the cis isomer of cefprozil

Time (h) Concn (,ug/ml) M/P ratio

0 <LLQa <LLQ
2 0.7 (0.3) 0.05 (0.02)
4 2.5 (1.5) 0.31 (0.13)
6 3.4 (2.3) 1.26 (0.65)
8 2.9 (2.1) 2.87 (1.26)
12 1.3 (0.7) 5.67 (1.86)
24 0.3 (0.1) NDb

a LLQ, lowest limit quantifiable.b ND, not determined because concentrations in plasma were below the
lowest limit quantifiable.
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postdose (23). Therefore, use of the M/P ratio to estimate
drug dose in milk for the general population is difficult. A
much better estimation is given by the use of the maximum
concentration in breast milk value and an estimate of the
daily milk consumption in infants. The mean peak concen-
tration in breast milk of cefprozil is 3.4 ,ug/ml when a 1-g
dose is administered to a mother. Even if one assumes that
the concentration of cefprozil in milk remains constant at
3.36 ,ug/ml (the highest concentration of cefprozil observed
in breast milk), an infant ingesting an average of 800 ml of
milk (22) per day will be exposed to a maximum amount of
about 3 mg of cefprozil per day. This value represents about
0.3% of the maternal dose. The recommended dosing regi-
men for cefprozil in the treatment of most infections is a
500-mg dose twice a day. Cefprozil exhibits linear pharma-
cokinetics in the dose range of 250 to 1,000 mg. Therefore, it
is reasonable to assume that the peak concentration in breast
milk would average around 1.7 ,ug/ml when 500 mg of
cefprozil is administered to a mother. Therefore, the extent
of exposure to cefprozil for an infant could be less than the
above estimation. The limited amount of cefprozil exposure
to an infant probably would not cause significant clinical
concern on the basis of the excellent safety profile of
cefprozil in adults (1, 3). It is most likely that cefprozil is
completely absorbed in infants, as in adults (19). Therefore,
cefprozil should not cause the infant diarrhea associated
with most parenteral antibiotics, when incomplete absorp-
tion disturbs the oropharyngeal flora.

In summary, low excretion of cefprozil in breast milk and
the excellent safety profile of cefprozil suggest that this
cephalosporin may be administered to nursing mothers when
indicated.
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