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Following the discovery by Johnson, Anker, and
Meleney of the polypeptide antibiotic substance,
bacitracin, in culture filtrates of a strain of B.
subtilis (1), this drug has been administered to a
large number of patients with a variety of bacterial
infections (2-5).

In early clinical studies, recognition of the toxic
manifestations of bacitracin lagged behind observa-
tions on the therapeutic efficacy of this antibiotic.
Recent reports, however, have indicated an in-
creasing awareness of the nephrotoxic properties
of commercial preparations of bacitracin adminis-
tered parenterally to the human (2, 5).

Animal studies have demonstrated that bacitra-
cin is nephrotoxic for the mouse, rat, and monkey.
Following parenteral administration of bacitracin
in the mouse, tubular degeneration and necrosis oc-
curred. Although the glomerular tuft appeared
normal, Bowman’s space was distended with coag-
ulum (6). Similar findings of tubular injury have
been reported in the rat (7). Following the ad-
ministration of bacitracin in the monkey, pro-
teinuria and glycosuria occurred. Again the histo-
logic findings were those of tubular degeneration
and necrosis (8). '

During the course of a clinical study evaluating
the therapeutic efficacy of bacitracin in human
syphilis, 148 patients with early syphilis received
the drug parenterally in dosages ranging from 200
units per kilogram body weight every 12 hours
for four days up to 400 units per kilogram body
weight every six hours for seven days. All of the
148 patients developed proteinuria during the
course of therapy (9). Characteristically, pro-
teinuria was absent at 36 hours after the institu-
tion of parenteral bacitracin therapy and present
at 60 hours. Urinary protein was at a maximum
during the first 24 or 48 hours after its appearance
and then decreased rapidly in spite of continuation
of bacitracin therapy. The range of maximal pro-
teinuria in individuals was from 0.1 gram to 19.6
grams in 24 hours, with a mean of 5.6 grams.

Microscopic examination of the urine revealed nu-
merous epithelial cells and casts during the period
of proteinuria. Red blood cells were present only
rarely.

There was no relationship in this group of pa-
tients between the degree of proteinuria and either
the daily dosage of the drug, the total amount of
drug administered, or the duration of the thera-
peutic course. Furthermore, no difference in
nephrotoxicity was discernible between various
lots of bacitracin in spite of the fact that later
preparations were considerably improved with
regard to purity and potency.! There was, how-
ever, great individual variation in nephrotoxicity
as measured by quantitative determination of uri-
nary protein in patients receiving the same lot in
the same dosage schedule.

In Figure 1 are shown the mean daily values
for proteinuria in a group of 29 patients with
early syphilis who received 400 units of bacitracin
per kilogram body weight at six hour intervals
over a period of seven days. Figure 2 shows, in
similar fashion, proteinuria in a group of 15 pa-
tients with early syphilis who received only two in-
jections of bacitracin of 1,500 units per kilogram
body weight 24 hours apart. The curves are es-
sentially the same. Similar curves of proteinuria
were obtained in individuals receiving but a single
injection of bacitracin and in individuals receiv-
ing the drug in dosages of 200 to 400 units per
kilogram body weight at six to 12 hour intervals
over a period of four to seven days. It is of in-
terest that proteinuria appeared at the same time
in all groups. Also of interest is the rapid decline
in the magnitude of proteinuria (Figure 1) even
though administration of the drug was continued
in the same dosage.

1 The following lots of bacitracin were used in the
treatment of human syphilis: Ben Venue Lots B103, B104,
B111, B114, B116S, B124, B126, B127A, B128, B129,
B130, and Commercial Solvents Lots B471217S,
B471231S, B480210, and B480212.
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Mean values for a group of 29 patients with early
syphilis receiving 400 units of bacitracin per kilogram
body weight every six hours for seven days. Arrows
represent beginning and end of treatment.

The present study was undertaken to determine
the type of renal functional alterations produced by
the parenteral administration of bacitracin in man
and to determine the degree and duration of de-
pression of renal function incident to the use of
this antibiotic.

EXPERIMENTAL

Twelve normotensive male subjects, who showed no
clinical evidence of cardiovascular or renal disease and
who were free of infectious disease, were studied before
and after the parenteral administration of bacitracin, uti-
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Mean values for a group of 15 patients with early
syphilis receiving 1,500 units of bacitracin per kilogram
body weight in a single injection for two successive days.
Arrows represent beginning and end of treatment.
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lizing the clearance and saturation techniques devised by
Smith and his associates (10-12). One subject (L. R.),
who fulfilled the above criteria for selection, was found
to have abnormally low renal function during control
studies, but was nevertheless included in the present
study. Clearance of inulin (Cix), clearance of sodium p-
aminohippurate (Cear), and the maximal tubular excre-
tory rate of sodium p-aminohippurate (Tmear) were
followed in six subjects. A second group of six sub-
jects was followed with determinations of the clearance
of inulin and the maximal tubular rate of glucose reab-
sorption (Tme).

Following baseline determinations of the above func-
tions as well as of blood non-protein nitrogen and urea
nitrogen, bacitracin? was administered intramuscularly
in a dosage of 1,500 units per kilogram body weight fol-
lowed by a second injection of the same magnitude 24
hours later. This dosage was selected to correspond to
the daily therapeutic dosage employed by others in the
treatment of various surgical and medical infections (2,
4, 5). Two different lots of bacitracin, Lot B129 (Ben
Venue) and Lot B480210 (Commercial Solvents), were
used in the present study. The group in which Tmean
was followed received Lot B129, while the group in which
Tme was followed received Lot B480210.

Subsequent to the administration of bacitracin, renal
function studies and blood chemistry determinations were
repeated at three to seven day intervals until baseline or
near baseline values were again reached. Serial quanti-
tative determinations of 24 hour urinary protein as well
as routine urinalyses including microscopic examination
of sediment of freshly voided urine were performed daily
for 30 to 60 days following the administration of
bacitracin.

Inulin was determined by Harrison’s modification of the
method of Alving (13, 14). PAH was determined
in cadmium sulfate filtrates of plasma and in diluted
urine by the method of Bratton and Marshall (15). Glu-
cose determinations were made according to the method
of Nelson (16). Urinary protein was determined by
measurement of the volume of precipitate formed with
phosphotungstic acid in acid alcohol (17). Blood urea
nitrogen and non-protein nitrogen were determined by the
manometric methods of Van Slyke (18, 19).

RESULTS

Following the parenteral administration of
bacitracin, proteinuria appeared at 48 to 60 hours
in all subjects, was at a maximum for 48 hours
after its appearance, and then decreased rapidly
to levels below 0.5 gram per day by the seventh
day in 11 of 12 subjects (Table I). Maximum
proteinuria ranged from 0.7 to 9.7 grams per 24
hours in individual subjects, with a mean of 4.4
grams.

2 The bacitracin employed in this study was provided by
Dr. Frank L. Meleney.
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TABLE 1

Proteinuria following the intramuscular administration of
1500 units of bacitracin per kilogram body weight on
two successive days*

Proteinuria—grams per 24 hours

Sub- | Con-
ject | trol

Day | Day | Day | Day | Day | Day | Day | Day | Day | Day

1 2 3 5 6 7 8 9 10
EH (0000|0048 |51]|27]03| t+ |0.1]O0.0
CwWi | t t+ 102|26|30|14]04|02]|04]0.3

00|o00{o00| t+ |12]|11] % U U U

CWe|00|00)| + [46]3.7]08[0.1}03]|03]|03]0.1
EN |00|02|13]|93)|92|32|04| ft [02] ¢ ¢
LR 0.1/04)06]|10]04|0.2]02]0.1]0.2
FC + 106|13}10]02| t |03]0.2]0.2
JC 0331134|13]05103[|02[031} ¢
RB 00]/01[04]|97)|34|31]|04|00]0.0])00]0.2
RN | 0.0 103144(70|48|23|19|18]12]0.38
os 0.0 0.5]|52]|67|47]12]03]|03]0.2 j[
JB 1 t+ |04]05|07]03| t+ |0.1]03
Mean| 0.00| 0.03| 0.28} 3.78| 3.79| 2.10| 0.53]| 0.27| 0.32] 0.25| 0.11

D* Bza.citracin administered at beginning of Day 1 and
ay 2.
t Less than 0.1 gram per 24 hours.

Concomitantly with the onset of proteinuria,
there appeared in the urine numerous tubular epi-
thelial cells together with granular, hyaline, and
epithelial cell casts. The absence of microscopic
hematuria was striking. Epithelial cells and casts
were present in large numbers in the urine for
48 hours, following which they paralleled pro-
teinuria in their disappearance. Fasting glycosuria
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occurred during the period of proteinuria in 10 of
12 subjects.

Renal function studies were performed 84 hours
after the administration of bacitracin, i.e., during
the period of maximal proteinuria, in all subjects.
The clearance of inulin (Ciy) was depressed at
this time in 10 of 12 subjects. The depression
ranged from 6.7 to 74.6 per cent with a mean of
33.6 per cent. The mean depression for the entire
group of 12 subjects was 27.6 per cent (Tables II
and IIT). Following the period of proteinuria,
the mean for the group gradually increased until,
at nine weeks, it was only 8 per cent below the
baseline value (Figures 3 and 4). Of the 10 sub-
jects who showed a decrease in Ciy following
bacitracin, nine had returned to within 15 per
cent of baseline value by the ninth week. The
tenth subject was lost to the study at seven weeks
with a depression of 20.5 per cent.

The clearance of p-aminohippurate (Cpam) was
decreased in five of six subjects 84 hours after thé
administration of bacitracin. The depression var-
ied from 5.1 to 76 per cent with a mean of 25.7 per
cent. The mean depression for the entire group
of six was 18.0 per cent (Table II). Cpam re-
turned to baseline values more rapidly than did

TABLE 1I
Clearance of inulin, clearance of PAH, and tubular excretory capacity for PAH following bacitracin*
Subject Meas. Control 3% Days 7-10 Days 14-17 Days 28-31 Days 42-45 Days 63-66 Days
cent cent er cent er ¢
tzmge e:zange l:hange pchaneg:l ’;:;ra:eg:‘ 122'41;;:‘
EH Cin 90 84| — 67| 88| — 22| 93|+ 33| ¢t t t t t t
Crar 550 411 | —25.3 (488 | —11.3{545| — 09| ¥ t 1 t t T
Tmpar 70 491 —30.0| 59| —15.7| 73| + 43| t t t t t t
CWi Cin 136 98| —279| 8| —36.8|103| —24.3 |118| —13.2|130| — 4.4 |116| —14.7
Cran 414 393 — 51350} —154 381 | — 8.0(409]| — 1.21436| + 5.3|390| — 5.8
Tmpar 95 51| —46.3| 64| —32.6| 64| —32.6| 67| —29.5| 70| —26.3| 84| —11.6
AA Cin 104 92| —11.5] 92 —11.5| 93| —10.6| 91| —12.5] ¢ 1 i 1
Cram 513 473 | — 7.8 1428 | —16.6 | 425| —17.1 |451| —12.1| ¢ 1 t t
Tmpan 85 73| —14.1| 65| —23.5| 63| —259| 76| —10.6| t 1 t t
CWe Cin 93 70| —24.7| 80| —14.0| 84| — 9.7 84| — 9.7| 82| —11.8| 8| — 1.5
Cpan 395 343 | —13.2|344| —12.9 1428 | 4 84390 — 1.3|403| + 2.0 |474| 420.0
Tmpan 102 58| —43.1| 59| —42.2( 64| —37.3| 63| —38.2| 73| —284| 70| —31.4
EN Cin 127 56| —55.9| 55| —56.7| 63| —50.4| 88| —30.7 |102 | —19.7 |117| — 7.9
Cpan 638 153 | —76.0 { 370 | —42.0 | 408 | —36.1 | 665 | + 4.2 {665 | + 4.2 | 664 | + 4.1
Tmpar 91 14| —84.6| 58| —36.3| 78| —14.3| 84| — 7.7| 80| —12.1| 76| —16.5
LR Cin 49 35| —28.6| 34| —30.6| 39| —20.4| 38| —22.4| 43| —12.2]| t+ |
Cram 187 223 | +19.3 (176 | — 5.9 |210{ +12.3 | 223 | +19.3 | 221 | +18.2 | % 1
Tmpar 49 40| —18.4 | 43| —12.2| 39| —20.4 | 45| — 82| 49 00| -t t
Mean Cin 100 73| —259| 73| —253| 79| —18.7| 85| —14.2| 91| — 9.1 | 92| — 8.1
Cpan 450 333 | —18.0|359| —17.4|400| — 6.9 | 422 | — 3.7 (454 | 4+ 2.8{458| + 3.9
Tmpar 82 48| —39.4 | S8| —27.1| 64| —21.0| 68| —150| 70| —12.4 | 71| —11.2
* All values represent the mean of three to five urine collection periods.
t Subject dropped from study either because baseline values had been attained or for some extraneous reason. Last

obtained values extended in the calculation of the mean for the group.
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TABLE III
Clearance of inulin and tubular reabsorptive capacity for glucose following bacitracin*
Subject Meas. Control 3% Days 7-10 Days 14-17 Days 21-24 Days 28-31 Days 49-52 Days
hange amee v P ekt Ronte Hange
FC Cix 121 122 4+ 0.8 |117| — 3.3 |119| — 1.7 121 00| t t t t
Tma 309 332 + 7.4 |312| + 1.0({326| + 5.5{340| +10.0| T t t t
JC Cin 121 101 | —16.5| 87| —28.1 | 96| —20.7 | 105| —13.2 | } t t t
Tme 316 300 — 5.1221| —30.0{264| —16.5|306| — 3.2 | ¢t t t t
RB Cin 92 53| —42.4 | 57| —38.0| 77| —16.3| 77| —16.3| 77| —16.3 | 87| — 5.4
Tme 277 104 | —62.5 139 | —49.8 | 157 | —43.3 (189 | —31.8 [ 181 | —34.7 {250 | — 9.7
RN Cix 118 30| —74.6| 39| —66.9| 50| —57.6| 62| —47.5| 84| —28.8|104| —11.9
Tma 320 77| =759 | 96| —70.0 {143 | —55.3 |216 | —32.5|266 | —16.9 | 305 | — 4.7
oS Cin 78 41| —47.4 ) 50| —35.1| 53| —32.1 | 57| —26.9| 61| —21.8| 62| —20.5
Tme | 277 140 | —49.5 (162 | —41.5|190| —31.4 {217 | —21.7 | 218 | —21.3 | 225 | —18.8
JB Ciy 89 93| + 45| 88| — 1.1 | 87| — 22| 96| + 79| 93| + 45| ¢t t
. Tma 217 206 — 5.1(174| —19.8 | 174 | —19.8 | 267 | +23.0 | 254 | +17.1| T t
Mean Cin 103 73| —29.3| 73| —28.8| 80| —21.8| 8| —16.0| 90| —12.6 | 95| — 7.8
Tme 286 193 | —31.8 [ 184 | —35.03/§209,| —26.8 | 256 | — 9.4 | 261 | — 8.2 |280| — 1.6

* All values represent the mean of three to five urine collection periods. .
t Subject dropped from study either because baseline values had been attained or for some extraneous reason.
Last obtained values extended in the calculation of the mean for the group.

Cix. By six weeks the mean Cpam for the entire
group was 3 per cent above the baseline value, and
all of the subjects had returned to within 12 per
cent of the baseline value. In order to elucidate
the mechanism of the observed depression in Cpas,

an additional subject was studied both before and

84 hours after the administration of bacitracin,
utilizing the technique of catheterization of the
right renal vein (20). In this individual the
renal extraction of PAH at low plasma levels was
markedly depressed from a baseline value of 91
per cent to a post-bacitracin value of 15.4 per cent.
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tracin from Lot B129 (surface culture preparation, Ben Venue).
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~ Six of six subjects showed a decreased Tmpan
at the time of maximal proteinuria. Individual
depressions ranged from 14.1 to 84.6 per cent with
a mean of 39.4 per cent (Table II). After seven
days, the depression of Tmp,ax for the entire group
closely paralleled the depression of Ciy (Figure
3). The mean depression for the group at nine
weeks was 11 per cent below the baseline value.
At that time two individuals still showed a de-
crease of more than 15 per cent.

Tmg was depressed at 84 hours in five of six
subjects (Table IIT). The depressions varied be-
tween 5.1 and 75.9 per cent with a mean of 39.6
per cent. The mean depression for the group of
six was 31.8 per cent. By seven weeks Tmg had
returned to within 10 per cent of baseline values
in all except-one subject who showed a decrease
of 18.8 per cent at that time and who was subse-
quently lost to the study. The mean for the entire
group at seven weeks was 1.6 per cent below the
baseline value (Figure 4).

Blood urea nitrogen was significantly elevated
from the baseline mean of 10.58 mg. per cent to
16.26 mg. per cent at 84 hours (t=3.68; P =
< .01). The elevation in BUN roughly paral-
leled the depression in Cy in its return to baseline
values. No change in arterial blood pressure oc-

curred during the post-bacitracin observation pe-
riod.

DISCUSSION

Following the parenteral administration of thera-
peutic doses of bacitracin in man, there occurs an
acute depression in Ciy, Cpan, Tmpan, and Tmg,
followed by a gradual return of these functions
over a period of several months to baseline values.

The depression in Ciy may be interpreted in
several ways. First, mechanical obstruction of
the tubules by casts and epithelial cells may be
responsible for a decrease in glomerular filtration
rate. In view of the fact that the presence of pro-
tein, casts, and epithelial cells in the urine was an
acute process persisting for only a few days, while
the depression in Ciy continued for a number of
weeks, it seems unlikely that mechanical obstruc-
tion, alone, could account for the observed depres-
sion in Ciy.

Secondly, tubular injury may result in the pas-
sive reabsorption of inulin from the glomerular
filtrate. In such circumstances the clearance of
inulin would no longer be a measure of the glo-
merular filtration rate. This interpretation seems
equally untenable inasmuch as the depression in
Cix persisted for weeks after the acute phase dur-
ing which tubular epithelial cells, casts and pro-
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tein were present in the urine.

Furthermore, disparity between Ciy and Tm
depressions occurred in individual patients. In
subjects E. N. and L. R., Tmpag returned to con-
trol levels over a period of one month following
bacitracin, while Ciy remained persistently de-
pressed. This would seem to indicate impairment
in glomerular function beyond four weeks which
cannot be explained on the basis of passive dif-
fusion of inulin through damaged tubules.

It would seem most likely, then, that the de-
crease in Cry observed cannot be entirely accounted
for by mechanical obstruction of tubules and/or
passive diffusion of inulin back through damaged
tubular cells, and that injury to the glomerulus it-
self probably occurred.

The depression observed in Cpag might be ex-
plained on the basis of a decreased renal plasma
flow or on the basis of reduced ability of damaged
tubules to extract PAH at low plasma levels. It
it evident from the results obtained in the addi-
tional subject studied by catheterization of the
renal vein before and after bacitracin (Table IV)
that the depression in Cpamg was due largely to
tubular damage rather than to a decrease in renal
plasma flow. As contrasted with a decrease of
88.4 per cent in Cpag, true renal plasma flow de-
creased only 28.7 per cent.

It should be noted that the decrease in Cpam
which occurred in this individual was consider-
ably greater than the mean Cpag depression of
18.0 per cent for the entire group. In view of
the fact that Cpan depression following bacitracin
has been demonstrated to be due largely to tu-
bular damage, it seems unlikely that renal vaso-
constriction and decreased renal blood flow played
any significant role in the reduction of glomerular
filtration rate. This view is supported by the ab-

TABLE IV

Renal extraction of PAH and renal plasma flow
before and after bacitracin*

3% Days Per cent
Control ba 3{':;@ change
Cin, cc./min. 88 12 —86.0
Cpamg, cc./min. 318 37 —88.4
Tmpag, mg./min. 76 2.6 —96.6
PAH Extraction, per cent 91.0 15.4 —
RPF, cc./min. 349 249 —28.7

* Values represent the mean of three urine collection
periods.

JOHN H. MILLER, ROGER K. MCDONALD, AND NATHAN W. SHOCK

sence of change in arterial blood pressure, and by
the observation that the mean Cpag returned to
baseline values at four weeks, while the mean Ciy
was still depressed at nine weeks following
bacitracin.

Additional evidence of tubular damage is pre-
sented by the appearance of tubular epithelial cells
in the urine, the occurrence of glycosuria in the
post-absorptive state, and the depression in tubu-
lar excretory and reabsorptive capacity for PAH
and glucose respectively. Load to Tm ratios were
as high in the post-bacitracin studies (i.e., 2:1 to
3:1) as in the control studies.

SUMMARY AND CONCLUSIONS

1. Parenteral administration of the polypeptide
antibiotic substance, bacitracin, in therapeutic
doses is followed uniformly by the occurrence of
proteinuria and the appearance of renal tubular
epithelial cells in the urine, and frequently by the
occurrence of glycosuria in the post-absorptive
state.

2. During the period of proteinuria there oc-
curs an acute depression of tubular function and
probably also of glomerular function, as mani-
fested by a decrease in the clearances of inulin
and PAH, a decrease in the tubular excretory ca-
pacity for PAH, a decrease in the tubular re-
absorptive capacity for glucose, and a decrease in
the renal extraction of PAH at low plasma levels.

3. Although proteinuria is present for only six
to 10 days following two injections of 1,500 units
of bacitracin per kilogram body weight, both glo-
merular and tubular function remain depressed
over a period of weeks, returning only gradually to
baseline levels at seven to nine weeks.

Since this work was submitted for publication, a num-
ber of reports (21-25), relating to the toxicity of baci-
tracin have appeared.
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