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who had had a subtotal thyroidectomy but who were
normocalcaemic.

In each group about one-third of the patients without
objective laryngeal signs complained of persistent voice changes
dating from the time of operation.

Our thanks are due to the various physicians and surgeons who
referred patients for study. We are grateful to Associate Professor
T. S. Reeve for his helpful advice and criticism. Miss Felicity
Johnson gave valuable clerical assistance.
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Tissue Concentration of Nalidixc Acid in Chronic Pyelonephritis

R. M. JAMESON,* F.R.C.S.
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Chronic pyelonephritis is as common as ever although chemo-
therapeutic agents and antibiotics have adequate in vitro bacter-
icidal effects. One probable reason for the failure of such agents
to eradicate pyelonephritis is an insufficient concentration of
the bactericidal agent in the kidney tissue. The aim of treat-
ment is to eradicate parenchymal and tubular infection as well
as to produce sterile urine.

Nalidixic acid (Negram) has been used to treat urinary-tract
infections (Lishman and Swinney, 1963; Barlow, 1963;
Jameson and Swinney, 1963; Ward-McQuaid et al., 1963;
Swinney, 1964). The results obtained were encouraging and
led to the study of the tissue concentration of nalidix acid in
the pyelonephritie kidney.

Materials and Methods
Elective nephrectomy is an accepted procedure in chronic

pyelonephritis, and volunteers from the waiting-listfor nephrec-
tomy provided the tissue used in this study. In each case the
chronic pyelonephritis was associated with stone, hypertension,
hydronephrosis, or recurrent infection. All the patients had
urinary infections due to Escherichia coli or proteus-type
organisms on admission. In every instance the organisms were
sensitive to nalidixic acid, and urine cultures were negative on
the day of operation and after seven days' treatment. Pre-
medication samples of blood and urine were obtained for con-
trol from each volunteer before administration of 1 g. of
nalidixic acid six-hourly. At varying time intervals during
treatment nephrectomy was performed, and the renal tissue,
blood, and urine concentrations of nalidixic acid measured.
Samples of renal tissue from four untreated patients were
analysed to act as controls for the series.

After nephrectomy an obviously diseased area of the kidney
was removed and divided into cortical and medullary blocks
each about 1-2 c.cm. in size. These two samples were dried
with blotting-paper, placed into clean dry jars, and sent with
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the blood and urine specimens for analysis. Care was taken
that the adjacent tissue was submitted for histological study.
The spectrophotofluorinietric technique described (McChesney
et al., 1964) measures free and protein-bound nalidixic acid;
the biologically inactive metabolites are not determined.
During this investigation the opportunity arose to measure

nalidixic acid concentrations in blood, urine, kidney, and pus
in a man with externally draining renal suppuration who later
underwent nephrectomy.

Results
All 11 patients had proved chronic pyelonephritis and infec-

tions of the urinary tract which responded to treatment with
nalidixic acid.. The infecting organisms found were: coliform
and proteus type in six, coliform in three, and proteus type
in two.
The control group of patients who did not receive treatment

grew E. coli from their urine before nephrectomy. No apparent
nalidixic acid was found in the blood, urine, or kidney tissue.
The levels of nalidixic acid in the renal cortex and medulla,

blood, and urine after treatment with the drug at the dose of
1 g. six-hourly are shown in Table I. One patient not included

TABLE I.-Levels of Unconjugated Nalidixic Acid in the Renal Cortex
and Medulla, Plasma, and Urine. Dose, 1 g. Six-hourly

Days of _Kidney
Case Medication Plasma Average Urine
No. (1 g. (mg./I.) Cortex Medulla Renal (mg./I.)6-hrly) (mg./kg.) (mg./kg.) Tissue

______ _ ___ ____ _ _____ _____ __ __ _____ (mg./kg.) _ _ _ _ _

1 1 1-8 - - 2-2 123
2 2 3-8 15 21 18 493 2 2-5 8 57 6-9 180
4 3 20-5 15 11-3 13-2 174
5 4 1 - - 5-3 1806 5 No sample 8-5 10-5 9 5 102
7 6 9 6-1 8-8 7-5 89
8 7 1 3-2 6-0 4-6 576
9 8 30 1-8 4-5 3-7 440
10 6 weeks < 1 - - 0-6 130
11 4 months < 1 10 3-8 2-4 1
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in the series had severe nephralgia which failed to respond to
conservative measures. She volunteered to take a course of
nalidixic acid before nephrectomy. The level of nalidixic acid
in the normal renal cortex was 20 mg./kg., in the medulla 18
mg./kg. In this patient and in all those in the series negligible
concentrations were found in skin, subcutaneous fat, and
muscle.
The urine levels of unconjugated nalidixic acid vary during

the day but remain at an average level of 300 mg./24 hours,
as calculated from the 24-hour urine specimens.
The data obtained from a patient with a perinephric abscess

who later had a nephrectomy are shown in Table II.

TABLE II.-Plasma, Urine, Pus, and Kidney-tissue Levels of Nalidixic
Acid from a Patient with a Perinephric Abscess. Treated with
Nalidixic Acid for Five to Six Weeks

Medication Plasma Urine Pus Kidney
(1 g. 6-hrly) (mg/I.) (mg-/l.) (mg./l.) (mg./kg.)

0 <1 <1 - -
5 6 79 - -
6 7-5 - - -
7 10-5 240 8 -
8 8 226 24 -
9 - 212 20* -
10 11-5 - - -
36 1 130 0-6

Pus sterile on 9th day of treatment.

Discussion
The present treatment of chronic pyelonephritis is dis-

appointing. To eradicate infection the antibacterial agent must
be given in sufficient dosage for a sufficient time to produce a
bactericidal concentration in the blood and kidney tissue, irre-
spective of the state of diuresis or renal function (Schlegel,
1962a). A few studies of the concentration of antibacterial
agents in renal tissue of animals have been carried out. From
these it was found that sulphanilamide and sulphamethizole
did not concentrate in rat renal tissue in spite of high blood
and urine levels (Schlegel, 1962b). The renal concentration of
sulphonamides is low, but the renal-cortex/plasma ratio for
nalidixic acid is eight to one in the rat (Schlegel, 1962a). In
the monkey nalidixic acid has a high concentration in the kidney
but no marked affinity for any other tissue (McChesney et al.,
1964).

Renal-tissue concentrations of antibiotics have not been
reported in man. The estimation of drug levels in diseased
human tissue is of fundamental importance, but such studies
raise ethical problems. In the present investigation all the
volunteers required nephrectomy. Because infection was pre-
sent all needed antibacterial therapy (cf. Swinney and Ham-
mersley, 1963), and they understood the concern to take the
opportunity to determine the renal concentration of an anti-
bacterial drug of known value.
The results, shown in Table I, suggest that the concentration

of nalidixic acid in the plasma and renal tissue may rise after
24 hours' treatment. Since seven of the 11 patients had renal-
tissue levels greater than those found for the corresponding
plasma it seems likely that nalidixic acid concentrates in the
diseased human kidney. In Table I there is little difference
between medullary and cortical levels. This series is too small
to prove that a significant difference may exist between the
medullary and cortical concentrations of nalidixic acid in man.
Although the urinary concentrations of nalidixic acid vary

during the day, the average daily excretion of unconjugated

nalidixic acid is about 300 mg./24 hours. Others confirm this
finding and note that active bactericidal levels are obtained
(Buchbinder et al., 1962).
One patient (Case 11) had four months' treatment before

nephrectomy; she had previously taken her own discharge
after a pyeloplasty. When she eventually agreed to have the
kidney removed it was found to have multiple upper-pole
abscesses with an obstruction of the upper major calix. This
case demonstrates that free drainage must be obtained before
a urinary infection can be cured by antibiotic treatment.
The data shown in Table II indicate that nalidixic acid is

found in pus, which in the patient concerned was sterile on the
ninth day of treatment. When the kidney was removed it was
noted that its tissues were replaced by a fibrous mass.
The results obtained from the two patients receiving long-

term treatment are difficult to explain; it is possible that
nalidixic acid is bound to inflamed tissues, as reported with the
synthetic penicillins. This could be established only by further
study.

In-vitro disk-sensitivity tests showed that all the organisms
in the series were sensitive to a minimum inhibitory concentra-
tion (M.I.C.) of 15 Mug. of nalidixic acid per ml. Deitz (1962)
records an average M.I.C. of 7.5 ug./ml. for the E. coli group
and an M.I.C. of 7.5-10 ug./ml. for the Proteus mirabilis
group. The Proteus vulgaris has a higher M.I.C. of about
20 jig./ml. Froelich (1962) notes that biologically active levels
in human plasma and urine are obtained about 20 mg./l. As
nalidixic acid may be bound to plasma protein the active level
in man would be the M.I.C. as determined by in-vitro tests
plus approximately 20 ttg./ml.

Nalidixic acid is of value in the treatment of urinary
infections, and in this study its concentration in the human
pyelonephritic kidney was measured. Samples of blood, urine,
and renal tissue were obtained from volunteers requiring
elective nephrectomy. The nalidixic-acid level was assayed by
a spectrophotofluorimetric technique. The results suggest that
nalidixic acid may be concentrated in the pyelonephritic kidney.
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