
ANTIMICROBIAL AGSNTS AND CHEMOTHERAPY, Apr. 1977, p. 688-694
Copyright © 1977 American Society for Microbiology

Vol. 11, No. 4
Printed in U.S.A.

Tobramycin: Maternal-Fetal Pharmacology
BETTY BERNARD,* SALVADOR J. GARCIA-CAZARES,l CHARLES A. BALLARD, LAURI D.

THRUPP, ALLEN W. MATHIES, AND PAUL F. WEHRLE

Departments ofPediatrics and Obstetrics and Gynecology, and the Hastings Infectious Disease Laboratory,
University ofSouthern California School of Medicine, and the Los Angeles County/University ofSouthern

California Medical Center, Los Angeles, California 90033*

Received for publication 5 October 1976

To investigate the maternal-fetal transfer of tobramycin (TBM) and its
distribution in the fetus, a single dose of 2 mg/kg was administered intramuscu-
larly to 35 pregnant patients (13 first trimester, 22 second trimester) 0.5 to 34 h
before hysterectomy. TBM concentration was assayed microbiologically in ma-
ternal serum, fetal tissues (placenta, brain, lung, liver, and kidney), and fluids
(amniotic, cerebrospinal fluid [CSF], urine, and serum). Mean maternal serum
half-life (1.54 h) and mean peak serum concentration ofTBM were within ranges
reported for nonpregnant adults. In fetal serum, half-life was 5.2 h, and TBM
levels did not exceed 0.58 ,g/ml. For intervals up to 34 h, the mean TBM
concentration in placental tissues was 1.4 gg/g. Concentration differences re-
lated to fetal maturation were found for fetal CSF, amniotic fluid, and fetal
kidney. No antimicrobial activity was found in the fetal CSF of >16 weeks'
gestation. TBM was present predominantly in the second trimester amniotic
fluid specimens. Fetal kidney concentrations reached 7.2 ug/g at 34 h after
maternal drug administration. Higher TBM concentrations were related to
advanced maturation ofthe fetal kidney. Second trimester fetal urine concentra-
tions for TBM ranged from 0.1 to 3.4 gg/ml, and the fetal urinary half-life was
3.7 h. Knowledge of fetal pharnacology is essential for weighing the fetal
benefits or risks of antimicrobial therapy for the infected gravid patient.

Tobramycin (tobramycin sulfate [Nebcin];
TBM) is one of the more recently identified
components of the nebramycin complex intro-
duced by Stark et al. (12) in 1967. Nebramycin
is known to have eight factors, ofwhich TBM is
factor 6. These are water-soluble, basic com-
pounds that fall into the general class ofamino-
glycosidic antibiotics produced by fernentation
biosynthesis with Streptomyces tenebrarius.
TBM sulfate was released for clinical use in

the United States in 1975. Its particular effec-
tiveness is in the inhibition of Pseudomonas
species, including those resistant to other ami-
noglycosides. The clinical benefits and risks of
maternal therapy for the conceptus are often
overlooked because of a paucity ofhuman data.
This study was undertaken to investigate the
maternal-fetal transfer ofTBM and its distribu-
tion in the human fetus of 9 to 20 weeks' gesta-
tion.

(Presented in part at the American Pediatric
Society-Society for Pediatric Research, San
Francisco, Calif., May 1973.)

1 Present address: Instituto Nacional de Perinatologia,
Vosgos y Montes Urales, Lomas de Chapultepec, Mexico 10,
D.F.

MATERIALS AND METHODS
Thirty-five healthy gravid patients were admit-

ted from July 1972 to June 1973 for elective thera-
peutic abortion and sterilization by hysterectomy.
After informed consent was obtained, a single 2-mg/
kg intramuscular dose ofTBM was administered to
the patients before surgery. Thirteen patients were
in the first (I) trimester, and 22 were in the second
(II) trimester. The time interval between adminis-
tration of TBM to the patient and the clamping of
the uterine arteries at delivery will be referred to as
an "interval" in this report. This interval varied
from 2 to 20.5 h for the trimester I patients and from
40 min to 34 h for trimester II patients. Thirty-four
fetuses, from 9 to 20 weeks' gestation, were availa-
ble for sampling.

Gestational age was calculated from day 1 of the
last normal menstrual period. When the date of the
last menstrual period was uncertain, fetal weight
and foot length were used to estimate gestational
age (13).

Maternal serum samples were taken before the
intramuscular administration and at 1, 2, 4 and 8 h
after the injection of TBM. A delivery time sample
was obtained at the time ofuterine artery clamping.

After surgical removal of the uterus, its contents
were dissected under sterile conditions. Total am-
niotic fluid volume was measured, and an aliquot
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was taken for sampling. The placenta was sepa-
rated, weighed, and sampled. The fetus was
weighed and then measured for crown-heel, crown-
rump, and foot length. Fetal blood, urine, and cere-
brospinal fluid (CSF) samples were obtained by
needle aspiration. Fetal brain, lung, liver, and kid-
ney tissue samples were acquired by dissection.
Complete sampling ofall fetal tissues and fluids was
not technically possible in fetuses of less than 12
weeks' gestation. All specimens were frozen at
-20°C until time of TBM assay.
TBM concentrations in maternal and fetal tissues

and fluids were determined in duplicate by microbi-
ological assay (1) with a modified standard cylinder
plate method and Bacillus subtilis (ATCC 6633) on
AM11 agar (Difco, 0593-01, Detroit, Mich.). The low-
est detectable TBM concentrations were the follow-
ing: 0.06 ,ug/ml for fetal urine and in maternal and
fetal serum; 0.1 ,ug/ml for fetal CSF and amniotic
fluid; 0.4 ,ug/g for placenta; and 0.08 ,ug/g for fetal
brain, kidney, lung, and liver. Control curves of
fetal tissues and fluids were made from a pool of six
antibiotic-free fetuses.

STATISTICS

The two-sample rank test (the Mann-Whitney U
test) was used to measure the significance of differ-
ences between any two groups of data, and signifi-
cance levels were judged at P < 0.01. A regression
line, determined by the method ofleast squares, was
obtained from individual TBM concentrations in tis-

sues and fluids and extrapolated to theoretical time
zero. The time at which the sample concentration
was one-half the concentration at theoretical time
zero was defined as the half-life (t12) with the fol-
lowing equation: t1,2 = (-loge 2)/,1, where /3 is the
rate constant for decrease in concentration in tissues
or fluids with time.

RESULTS
Maternal serum. Maternal serum concentra-

tions of TBM at 1, 2, 4, and 8 h, plus those at
delivery time only up to an 11-h interval, are
shown in Fig. 1. TBM was not detected in the
delivery time maternal serum samples ofthe 15
gravid patients who delivered after the 11-h
interval (Table 1). A mean maternal peak se-
rum concentration of 4.0 ,g/ml occurred at 1 h
and tl2 was 1.54 h. Since no significant differ-
ence by trimester was found for t1,2 or peak
serum concentrations, the 35 patients could be
considered as one group and are represented by
the regression line in Fig. 2a (r = 0.93).

Placenta. TBM appeared in the first placen-
tal sample at 40 min and remained detectable
until the last sample, taken at 34 h (Table 1). In
all but 2 of the 29 samples, concentrations were
above 1 ug/g, with an overall mean concentra-
tion of 1.4 ug/g. Although not significant, a
definite trend toward increasing TBM concen-
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FIG. 1. Maternal serum concentrations after a single 2-mg/kg injection oftobramycin to 35 healthy gravid

patients who were 9 to 20 weeks' gestation. The symbols represent individual TBM concentrations of
individual maternal serum samples at 1, 2, 4, and 8 h, plus the scattered samples taken at the time of
clamping the uterine artery. The solid line represents a linear regression of the mean maternal serum
concentration, and the dotted line represents the extension of this line to a theoretical time zero (r = 0.93).
Symbols: (V) Trimester I patients, (V) trimester II patients.
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TABLE 1. TBM concentrations after a single intramuscular dose of2 mg/kg administered to 35 healthy
gravidas 9 to 20 weeks' gestation

TBM concn in:

Gestational Intervala Matemal Fetal tissues and body fluids
age (weeks) (h) serum at de- Amniotic

livery Placenta Fetal serum Kidney Urine fluid CSF
(,gg/ml) (yg/g) (mg/ml) (,uglg) (,ug/ml) flug/ml (ILg/ml)

(AgIml)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Trimester I patients
12 2:00
11 2:13
11 4:00
12 4:00
12 5:40
9 5:50
9 6:45

11 8:25
11 9:50
11 10:00
13 16:35
13 19:35
9 20:35

2.8
2.05
1.0
1.45
0.42
0.8
0.48
0.28
0.25
0.21
0
0
0

1.04

1.92
1.6

1.6
1.5
1.2
1.6
1.0

0.56
0.28

0.25
2.56
0
0
0
0

1.2

2.4

0
0.8
1.2
0

0
0
0
0
0

0.2
0
0

0 0.2
0.1 0.1

Trimester II patients
20 0:40
15 2:30
2d 4:00
17 5:45
17 5:50
14 8:05
17 9:05
20 9:40
19 9:45
20 10:20
15 11:45
16 12:00
20 12:00
20 16:00
17 16:22
20 17:00
20 18:30
15 19:25
14 20:00
20 20:00
19 21:35
20 34:00

2.9
1.5
1.3
0.44
0.62
0.15
0

0.38
0.14
0.2
0

0

0

0

0

0

0

0

0

0

0

0

1.16

1.52
1.6
1.2
2.0
0.9
1.3
1.0
1.2
1.3
1.8
0.5
1.1
1.7
1.5
1.1
1.6
1.1
1.0
1.6
2.8

0 0

0.58 1.0
0.28 1.9
0.14 2.4
0.34 2.2
0.17 0.8
0.32 1.8
0.2
0.1 3.0
0.1 4.6
0 1.7
0.08 2.6
0.07 4.8
0.06 2.0

3.3
0.1 6.6

3.7
0 1.5
0 2.2
0 4.0
0 3.2

7.2

0.27 0
3.4 0

0.3
2.3 0.3

0.i
0.2
0.1

2.2 0.2
1.8 0.3
1.0 0.5
1.0 0.2
0.7 0.5
1.3 0.5
0.3 0.3
0.6 0.3
0.6 0.6
0.4 0.4
0.2 0.2
0.1 0.2

0.2
0.2 0.4
0 0.13

a Interval = hours between maternal TBM administration and clamping of uterine arteries.

trations with an increasing interval can be seen
in Fig. 2b. There was no correlation ofplacental
TBM concentration with duration of gestation,
maternal serum concentration, or fetal tissue
or fluid levels.

Fetal serum. TBM was detected in 19 fetal
serum samples at delivery time. These concen-
trations are represented in Fig. 2c. The time
when TBM first appeared in fetal serum, 2.5 h
after maternal injection, was also the time
when the highest TBM concentrations were ob-
served. All fetal serum concentrations were less
than 0.6 ,ug/ml and undetectable by a 17-h in-
terval. The t112 determined from these individ-

ual samples is 5.25 h (r = 0.69). No difference in
TBM concentrations in: fetal serum could be
related to gestational age.

Fetal kidney. The highest and most persist-
ent TBM concentration was demonstrated in
the fetal kidney (Fig. 2d). TBM was present as

early as 2 h and as late as 34 h in 24 of 27
samples analyzed. At more than 9 h after ma-
ternal antibiotic injection, 53% of the trimester
II fetal kidney samples had TBM concentra-
tions of 3 Ag/g or more, a clinically therapeutic
concentration. Two 20-week fetal kidney sam-
ples had 6.6 and 7.2 ,ug ofTBM per g at 17 and
34 h, respectively. A significant correlation be-

0
0.2
0.3
0.2
0.2

0.7

0.5
0
0.1

0
0
0
0
0
0
0
0
0
0
0
0.2
0
0
0
0
0
0.1
0
0
0
0
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FIG. 2. Tobramycin concentrations in: (a) maternal serum (r = 0.93; t12 = 1.54 h); (b) placenta (mean, 1.4
pg/g); (c) fetal serum (r = 0.69; tl2 = 5.25 h); (d) fetal kidney (r = 0.54); (e) fetal urine (r = 0.92; t12 = 3.7 h);
(t) amniotic fluid (mean, 025 pg/ml), after a single intramuscular dose administered to 35 gravid patients 9
to 20 weeks' gestation. The solid lines represent the regression line or mean concentration as determined from
the individual values represented by the triangular symbols in figures (b) through (t). The interrupted
horizontal lines indicate the lowest detectable concentrations of tobramycin for that tissue or fluid. Symbols:
(V) Samples from trimester I ofpregnancy, (V) samples from trimester II ofpregnancy.
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tween the interval from maternal injection and
fetal kidney concentration can be seen in Fig.
2d (r = 0.54). When gestational age was related
to the fetal kidney TBM concentration, the cor-
relation coefficient improved to r = 0.79. An
even more significant correlation coefficient ofr
= 0.82 was found when multiple regression
analysis was used to relate (i) TBM concentra-
tion in fetal kidney, (ii) the interval after ma-
ternal TBM injection, and (iii) the weeks of
gestation (Fig. 3).

Fetal urine. Fetal urine was available from
19 fetuses of more than 12 weeks' gestation.
TBM appeared promptly in the first sample
taken at 40 min. The highest concentration, 3.4
,ug/ml, occurred at an interval of 2.5 h. After
this peak, a steady decline in concentration was
observed. A tl2 of3.7 h was calculated (r = 0.92;
Fig. 2e). No relationships could be established
between fetal urine and fetal kidney TBM con-
centrations or gestational age.
Amniotic fluid. In fetuses older than 13

weeks' gestation, antimicrobial activity in am-
niotic fluid was first detected at a 4-h interval.
An overall mean TBM concentration of 0.25
,ug/ml was sustained until the 21.6-h interval.
In trimester II samples, TBM was found in fetal
urine before it appeared in amniotic fluid sam-
ples (Fig. 2f). At or beyond a 4-h interval, only
three of eight trimester I amniotic fluid sam-
ples revealed TBM activity, whereas all of 20
trimester II samples had aminoglycoside pres-
ent, indicating a significant relationship to ges-
tational age (Table 1).
CSF and other tissues. Of 27 fetal brain

samples, none contained TBM in detectable
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FIG. 3. Predicted regression curves for tobramy-

cin concentrations in fetal kidneys of 10, 15, and 20
weeks' gestation after a single 2-mg/kg intramuscu-
lar injection to 35 gravid patients, 9 to 20 weeks'
gestation. (Log. Y' = -1.3525 + 0.024X + 0.11037,
where X = time in hours after TBM administration
to the gravid patient and Y = gestational age in
weeks, Rx * Yz = 0.82.)

concentrations. In the fetal CSF, very low TBM
concentrations (0.1 to 0.7 ,ug/ml) were found at
the 2- to 20-h interval in 9 of 15 fetuses of less
than 17 weeks' gestation. No TBM was detected
in the 16 fetuses of 17 weeks' gestation or more
(Table 1). TBM could not be detected in any of
the 32 fetal lung or 33 fetal liver specimens.

DISCUSSION

Our data, from the single sampling of 34
different fetuses in the early weeks of preg-
nancy, demonstrated enough consistency to es-
tablish biological curves and provide a mean-
ingful indicator of the kinetics and distribution
ofTBM in the conceptus.
During the first 20 weeks of pregnancy, the

maternal plasma volume increases 30% (2), and
renal plasma flow and glomerular filtration
rate increase 30% to 50% (6). In spite of these
changes, the mean maternal peak serum con-
centration and serum t1/2 were found to be
within the ranges reported. for healthy, non-
pregnant adults when similar doses were used
(3, 11).
In the placental tissue samples from fetuses

in the first half of pregnancy, a mean tissue
TBM concentration of 1.4 ,g/g was maintained
for at least 24 h; this concentration bore no
relationship to presence of TBM in maternal
serum. If we can assume that micrograms per
grams of tissue are equivalent to micrograms
per milliliter of body fluids for bacteriological
inhibition, then TBM may prove useful in the
treatment of placental infections, since in vitro
bacterial inhibitory concentrations of TBM
range from 0.4 to 0.8 ug/ml for Staphylococcus
aureus and 0.8 to 3.1 ug/ml for Pseudomonas
species, Escherichia coli, and Klebsiella pneu-
moniae (9, 10). Investigations addressing the
question of whether higher placental concen-
trations can be produced by larger or repetitive
doses may define a limited or linear capacity to
handle TBM.

After it had crossed the placenta to the fetus,
TBM was cleared from the fetal serum within
17 h, with a tl2 of 5.25 h. Kaplan and co-work-
ers (5) reported that the TBM serum t12 for
small premature infants is 8.7 h. If the longer
fetal serum tl2 ofthe premature infant is attrib-
utable to immature renal function, then the
shortened fetal serum t12 may reflect the role of
the placenta in the fetal clearance ofTBM.
TBM was not found in the CSF of the fetuses

older than 16 weeks' gestation. A mechanism
limiting the entry of this aminoglycoside into
the CSF seems to be established at this stage of
maturation (4).
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Fetal renal tissue concentrations of TBM
were high and were found to increase signifi-
cantly for as long as 34 h, whereas both fetal
serum and urine concentrations steadily de-
clined to nondetectable levels by 17 and 21.6 h,
respectively. Luft and Kleit (7) reported pro-
longed renal parenchymal accumulation in
adult rats after a single dose of several amino-
glycosidic antibiotics. Dissection of the adult
rat kidneys revealed 85% of the TBM to be in
the cortex, which consists mostly of proximal
tubules and where histological evidence of gen-
tamicin toxicity has been described. With ad-
vancing gestational age, the human fetal kid-
ney has a more defined cortical structure (14).
This may explain the significant differences in
TBM concentration in the fetal kidneys of 10
weeks' gestation as compared with those 20
weeks of age. The absolute or relative tissue
concentration of TBM that would cause fetal
renal toxicity is not known for any stage offetal
maturation. One wonders whether TBM, a po-
tentially nephrotoxic aminoglycoside, could be
used more safely in trimester I because of the
lower concentrations found in the younger fetal
kidney or whether it could be equally or more
toxic because of the greater degree of renal
immaturity. If, in our studies, the fetal kidney
could attain such high and sustained levels
after administration of a single therapeutic
dose to the gravid patient, then might higher
renal tissue concentrations be reached when
multiple doses of TBM are administered? This
has been shown to occur with other antibiotics
by Philipson and co-workers (8). They reported
a considerably higher increase in fetal kidney
concentration of both erythromycin (500 mg)
and clindamycin (450 mg) after multiple doses
compared with single doses of the same agents
administered to pregnant patients.

Thirty percent of the human fetal glomeruli
appear to be relatively mature histologically by
16 weeks' gestation (14). Fetal urine concentra-
tions of TBM were 5 to 10 times greater than
those found in simultaneous fetal serum sam-
ples. IfTBM is primarily excreted by glomeru-
lar filtration, our results are consistent with
active renal glomerular TBM excretion in the
fetus of 13 or more weeks' gestation.
TBM did not appear in the amniotic fluid

until it was present in the urine; this is consist-
ent with the premise that the presence of the
antibiotic in amniotic fluid is primarily related
to renal excretion. One might expect TBM to
accumulate in amniotic fluid; however, rather
inexplicable static levels were found in am-
niotic fluid, which is known to undergo a dy-
namic turnover.

Although it has been traditional to sample
body fluids for evidence of drug concentrations
in a toxic range, our findings in the fetal kidney
give rise to a serious skepticism about the
equatability ofsuch an approach since, with the
longer intervals, the fetal kidney had increas-
ing mean concentrations ofTBM, whereas fetal
serum and urine levels were decreasing to un-
detectable amounts. Tissue sampling for drug
levels may be a more appropriate, although
usually inaccessible, approach to extending the
understanding of the pharmacology of certain
therapeutic agents. Further investigation of
the perinatal pharmacology of this and other
drugs is imperative to obtain the data neces-
sary for treating the infected gravid patient and
her fetus with the increasing number of availa-
ble antimicrobials.
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