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Eleven patients with systemic mycotic infections were treated with amphoter-
icin B, 1 mg/kg, on alternate days. Five patients also received mannitol (M), 1 g/
kg, in the amphotericin infusion, while six served as controls (C). Renal function
studies prior to therapy were repeated at a total cumulative amphotericin B
dosage of 25 mg/kg; renal biopsies were obtained from 10 patients. Inulin and
creatinine clearances decreased in both the C and M groups, significantly so in
the latter. Urinary concentrating ability of five patients (2C, 3M) decreased as
did the capacity of three (1C, 2M) to acidify urine after an acid load. Neither the
peak and valley levels of amphotericin B in serum nor the urinary excretion
thereof differed between the C and M groups. Striking vacuolization of smooth
muscle cells, previously unrecognized, was observed in the media of arterioles
and arteries in all renal biopsies. Tubular calcification was present in both
groups. In summary, M therapy (1 g/kg) did not protect against the nephrotoxic-
ity of amphotericin B. A unique lesion of the renal vasculature secondary to
amphotericin B is described.

Many of the side effects associated with am-
photericin B therapy can be ameliorated by
therapy every other day and by judicious co-
therapy with such agents as heparin, corticoste-
roids, and antiemetics. Unfortunately, there
has been little success in reducing the nephro-
toxic effects that often restrict therapy. These
include reduction in glomerular filtration rate
(GFR) and renal blood flow (5, 24) and abnor-
malities of distal tubular function. The latter
are manifested histologically by intratubular
and interstitial calcium deposition (25) and
functionally by impaired urinary concentrating
ability (13), and by renal tubular acidosis with
secondary potassium wasting (4, 5, 17).
Although individual susceptibility to the

nephrotoxicity of amphotericin B appears to
vary widely (18), the likelihood of at least tran-
sient renal impairment is high with the large
dose (1.5 to 2.5 g) usually required to treat
adequately many of the systemic mycotic infec-
tions (5). It has been suggested that alkali ther-
apy might prevent some aspects of amphoteri-
cin B nephrotoxicity (17), and in an experimen-
tal rat model administration of bicarbonate
during amphotericin therapy was shown to im-
prove several measures of renal function (11).
Unfortunately, similar studies in man are not
available.
More recently, it has been reported that ad-

ministration of an osmotic diuretic, mannitol,
significantly reduces the nephrotoxicity of
acute amphotericin B administration to dogs
(12). Mannitol therapy appeared to prevent a
rise in the blood urea nitrogen and serum creat-
inine (Cr) values as well as the degeneration of
renal tubular epithelium that occurred when
amphotericin B was administered alone. Clini-
cally, mannitol has been employed extensively
as cotherapy with amphotericin B, and protec-
tive effects on the kidney have been claimed in
one small uncontrolled study (20). Because of
widespread interest in the therapeutic poten-
tial of mannitol (3), we have conducted and
here report the results of a double-blind con-
trolled study designed to evaluate the capacity
of this agent to diminish the nephrotoxicity of
amphotericin B in man.

MATERIALS AND METHODS
Patient selection. Potential subjects for study

were screened for suitability as participants by four
criteria: (i) proof of active systemic mycotic infec-
tion; (ii) no prior amphotericin B therapy; (iii) nor-
mal renal function as judged by urinalysis and lev-
els of blood urea nitrogen and serum creatinine; (iv)
absence of diabetes mellitus and hypertension (dia-
stolic pressure > 90 mm of Hg). Patients meeting
these criteria were advised ofthe study verbally and
in writing. Those giving informed consent were then
entered into a treatment protocol approved by the
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University of Kentucky Human Investigation and
Studies Committee. Upon entry into the study,
renal function of all patients was evaluated by
measurement of inulin clearance (C1n), creatinine
clearance (CCr), and urinary concentrating and
acidifying ability. Serum electrolytes, calcium,
phosphorus, and uric acid were measured, and urine
cultures were performed. An intravenous pyelogram
was normal in all patients.

Investigational protocol. After completion of
renal function studies, amphotericin B (hereafter
designated as A), supplied and labeled under a Food
and Drug Administration investigational new drug
number by E. R. Squibb & Co., was administered
intravenously in three increasing doses until the
full dosage schedule of 1 mg/kg of body weight,
given every other day, was attained. Full doses were
given in 500 ml of 5% dextrose in water over a 4-h
period. Assignment ofpatients to a control (C) group
receiving A therapy alone or to a mannitol (M)
treatment group was made by a physician and a
pharmacist not associated with the daily care of
study patients. M was added without labeling to the
A solution of patients chosen to receive M cotherapy
so that the contents of an infusion, other than A
concentration, were unknown to both the attending
physicians and patients during the course of ther-
apy. In all cases, the dose ofM administered with A
was 1 g/kg of body weight. This dose is in the range
used to treat acute renal failure (16) but below that
producing toxic effects (9). Attending physicians
prescribed medications from a preselected panel of
drugs when necessary for relief of various side ef-
fects caused by A. These included: (i) heparin, 1,000
U or less added to each 500 ml of infusion to control
phlebitis; (ii) 20 mg of hydrocortisone or its equiva-
lent delivered as an intravenous bolus immediately
prior to each A infusion; (iii) Proclorperazine, 10 mg,
orally, 0.5 h before infusion of A and every 8 h to a
total of three doses; (iv) aspirin, 600 mg, orally, 0.5 h
prior to infusion and every 6 h as needed for reduc-
tion of fever (>102°F) induced by therapy; (v)
NaHCO3 for replacement of bicarbonate when se-
rum CO2 fell to 18 meq/liter; (vi) KCl, 1 g, orally
three times daily, as needed for serum potassium
levels less than 3.8 meq/liter.

Criteria for the removal of a patient from study
were: (i) interruption of A therapy as the result of
noncompliance, (ii) nephrotoxicity sufficient to ele-
vate Cr to 3.5 mg/100 ml, or (iii) to decrease the Ccr
to 25% or less of the pretreatment control value. In
fact, no patient was dropped from the study for these
reasons.

In addition to clinical assessment of patients,
mandatory clinical studies at weekly intervals in-
cluded weighing, 24-h urine collection, complete
blood count, urinalysis, and measurement of serum
electrolytes, Cr, blood urea nitrogen, and erythro-
cyte sedimentation rate. At intervals of 2 weeks to 1
month, appropriate X-ray studies, fungal cultures,
and fungal serologies were repeated. At a total cu-
mulative A dosage of 25 mg/kg of body weight, all
renal function studies were repeated. In addition,
percutaneous renal biopsy was performed under flu-
oroscopic guidance in 10 patients, all of whom gave

informed consent. Biopsy was not carried out in one
patient (no. 8) because of severe kyphosis. After
biopsy, the course of A was completed to a total
mean dosage of 43 mg/kg of body weight in 10 pa-
tients. One patient failed to return after receiving
1.7 g.
Assay of A in blood and urine. After the third

administration of A at full daily dosage (1 mg/kg of
body weight), serum and urine specimen were col-
lected for assay at weekly intervals from all pa-
tients. Blood for peak A levels was drawn within 30
min after completion of the infusion. For assay of
valley levels, blood was drawn just prior to the next
infusion 48 h later. Twenty-four-hour urine collec-
tions were started at the beginning of an infusion.
During collection, urine was kept at 4°C, after which
a 10-ml portion was removed and, along with serum,
frozen at -60°C until assayed. The remaining urine
was assayed for creatinine as a check on adequacy of
collection. Serum and urinary concentrations of A
were measured on coded specimens through the
courtesy of the Squibb Institute of Medical Re-
search, New Brunswick, N.J. Levels were deter-
mined by bioassay using the Paecilomyces varioti
small-plate agar diffusion assay (21).
Renal function studies. All renal studies and

renal biopsies were performed at least 24 h after an
infusion of A on the "off' day of therapy. Inulin
-clearance studies were performed in the morning
after a light breakfast. Two sequential hourly urine
collections were taken during a modest water di-
uresis (100 ml/h), and the average value was used; a
bladder catheter was employed for two patients.
Inulin was measured by the method of Kulka (14).
Serum and urinary creatinine were measured by an
autoanalyzer (Technicon). Serum electrolytes, uric
acid, calcium, and phosphorus were measured by
the clinical laboratory. To measure urine concen-
trating ability, 5 U of pitressin tannate in oil
(Parke, Davis & Co.) was given intramuscularly
after voiding at 10 p.m. The osmolality of the next
three voided urine specimens was measured by an
advanced osmometer, and the highest value was
selected. The "short" ammonium chloride loading
test was performed by the method of Wrong and
Davies (26); fresh urine was collected under mineral
oil, and urinary pH was measured by a Beckman pH
meter.

Histological methods. Light, electron, and fluo-
rescence microscopy of renal biopsies was carried
out by one of us (D.B.) without knowledge of which
patients received M. For light microscopy studies,
serial sections (1 to 2 ,um thick) were made of for-
malin-fixed tissue and stained by hematoxylin and
eosin, periodic acid Schiff, periodic acid silver meth-
enamine-Masson trichrome, and von Kossa meth-
ods. For electron microscopy, 1-mm tissue cubes
were fixed in 3.5% buffered glutaraldehyde, post-
fixed in 1% osmium tetroxide for 1 h, embedded in
epon, and sectioned with subsequent double stain-
ing by lead citrate-uranyl acetate. For immunofluo-
rescence studies, sections of snap-frozen tissue were
stained by the direct technique with fluorescein-
conjugated goat antisera to human immunoglobu-
lins G, A, and M, 8IC, and fibrin.
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Statistical methods. In most instances, the signif-
icance of differences between group data was deter-
mined by the Student t test (paired if appropriate).
Serum levels and urinary excretion of A were ana-
lyzed by means of a split plot design (22). Urinary
pH measurements were corrected to whole numbers
for calculation of mean and standard error of the
mean.

RESULTS

General clinical features. All 11 patients
who volunteered for study were Caucasians and
ranged in age from 19 to 75 years. The infecting
organism in each patient is listed in Table 1.
Fungus could not be isolated from a lung biopsy
of one patient. However, the pathology and a
complement-fixing antibody titer of 1:256
against yeast and mycelial-phase antigens of
Histoplasma capsulatum were regarded as di-
agnostic of histoplasmosis. The M-treated (n =

6) and C groups (n = 5) differed in two respects
(Table 1): (i) the average age of the M group (58

4.7 years) was greater than that ofthe C (48.4
8.8 years) (P > 0.1); (ii) one of six patients in

the M group was female, whereas of five in the
C group three were females.
The clinical response to A therapy was favor-

able among patients of both groups (Table 1).
Five of six patients in the M group were consid-
ered to be clinically arrested at the termination
of therapy and at followup checks ranging from
12 weeks to 2 years post-treatment. Likewise,
infection was cured or arrested in four of five in
the C group. Arrest was defined by four crite-
ria: (i) clinical well being; (ii) failure to isolate
the infecting fungus from sputum or other sites;
(iii) stabilization or improvement in X-ray find-
ings; and (iv) decrease of complement-fixing
antibody titer to H. capsulatum in patients
with histoplasmosis. Patient no. 2 relapsed 8
months post-treatment as judged by a marked

rise in complement-fixing antibody titer and
weight loss; sputum cultures did not give fun-
gal growth. Side effects attributable to A infu-
sion were witnessed with equal frequency in
the M and C groups; these included nausea,
chills, fever, and malaise.
Renal function. In the overall group of 11

patients studied prior to therapy, the C10 was
113 ± 9 ml/min per 1.73 m2 (mean ± standard
error of mean), the Ccr was 86 ± 7 ml/min per
1.73 m2, and the Cr was 0.9 ± 0.04 mg/100 ml.
The mean urinary osmolality (Uosm) after pi-
tressin was 659 ± 79 mosm/kg (excluding pa-
tient no. 4 with a normal inulin clearance but
who failed to concentrate in association with a
persistent urinary tract infection secondary to
an indwelling catheter necessitated by her
neurological state). The mean minimum uri-
nary pH after NH4Cl was 5.2 (patient no. 4 ex-
cluded).
At the "target" dose of 25 mg/kg of A, there

was a considerable drop in the inulin and creat-
inine clearance of both the C and M groups
(Fig. 1; Table 2). Ofinterest, two patients in the
C group showed very little change in GFR dur-
ing A treatment (Fig. 1, no. 2 and 4). The mean
xenith level of Cr during A therapy in the C
group was 1.8 ± 0.3 mg/100 ml and 1.5 ± 0.2
mg/100 ml in the M group (P < 0.1). Overall,
older patients appeared to have a less marked
drop in GFR. Thus, in patients over 60 years of
age from both groups (n = 5), the mean drop in
CCr was 10 ± 4 ml/min as compared to 55 ± 3
ml/min in patients less than 60 years of age (n
= 6) of both groups (P < 0.001).
Five patients (2C, 3M) showed a drop in con-

centrating ability, and three (1C, 2M) showed
a drop in minimum hydrogen ion concentration
after ammonium chloride loading (Table 3; Fig.
2 and 3). Signs of sodium depletion were care-
fully sought, but not found, in any patient.

TABLE 1. Clinical features of 11 patients

Gop Patient Age Sx Wt Treat- Patho- St Total AGroup | tno. (yr) Sex (kg) ment Pa Site dosage Result
(g)

Control 1 19 F 53 C B Disseminated 2.5 Arrestedb
Control 2 61 M 50 C H Lung, cavitary 2.3 Relapse
Control 3 50 F 54 C B Lung 2.4 Arrested
Control 4 70 F 50 C C Meninges 2.4 Cure
Control 5 42 M 70 C H Lung, cavitary 2.6 Arrested
Mannitol 6 41 M 91 M B Disseminated 2.5 Arrested
Mannitol 7 58 M 59 M H Lung, cavitary 2.5 Arrested
Mannitol 8 75 M 43 M B Disseminated 2.0 Arrested
Mannitol 9 50 M 42 M H Lung, cavitary 1.7c Improved
Mannitol 10 62 F 53 M H ? Lung 2.0 Arrested
Mannitol 11 62 M 42 M H Lung, cavitary 1.8 Arrested
a Abbreviations: B, Blastomyces dermatididus; H, Histoplasma capsulatum; C, Cryptococcus neoformans.
b See text for definition.
c Failed to complete therapy.
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All but one patient (no. 6) required supple-
mental potassium, and the nadir levels of se-

rum potassium were not different beween the
two groups (3.4 + 0.2 meq/liter in C and 3.1 +
0.2 meq/liter in M). Sodium bicarbonate ther-
apy was not required in any patient; the mean
nadir serum bicarbonate was 22.6 ± 0.5 meq/
liter in the C group and 22.8 ± 0.5 meq/liter in
the M group. The lowest serum bicarbonate
observed was 19 meq/liter in patient no. 11.
Urinary casts, mainly of the hyaline type, were
seen frequently in four of five in the C group
and in one of six in the M group. After comple-
tion of therapy, no casts were detected. Protein-
uria was not detected by routine urinalysis in
any patient during the study.

If the group of 11 patients is considered as a

whole, a significant deterioration in GFR, uri-
nary concentrating ability, and urinary acidifi-
cation after an acid load was observed (Table 4).
Renal biopsies. At least 10 nonsclerosed glo-

meruli/biopsy were seen. By light microscopy,
no specific glomerular lesion was found, and
immunofluorescence studies were negative.
Since 9 of the 10 patients were over 40 years of
age, it is not surprising that arterial and arter-
iolar sclerotic changes were common. Tubular
calcification was scored by an arbitrary scale on
which 1+ signified minimal calcification (1 cal-
cified focus/10 high-power fields). Extensive
calcification (more than one focus/high-power

TABLE 2. Changes in GFR during A therapy

Cl,, (ml/min per 1.73 M2) a CCr (ml/min per 1.73 m2) Cr (mg/100 ml)
Patient no.

Base Target A Base Target A Base Target A

C group
1 70 52 -18 76 24 -52 1.0 1.9 +0.9
2 120 117 -3 75 74 -1 1.1 1.0 -0.1
3 91 18 -73 96 36 -60 0.9 1.5 +0.6
4 95 94 -1 59 55 -4 0.8 0.9 +0.1
5 166 58 -108 128 68 -60 0.9 1.7 +0.8

108 t 16b 68± 17 -41 ± 21 87 + 12 51 ± 10 -35 ± 14 0.9 ± 0.1 1.4 ± 0.2 0.5± 0.2

NSC P < 0.10d P < 0.10

M group
6 - 87 - 108 61 -47 1.1 1.7 +0.6
7 152 49 -103 107 60 -47 0.9 1.4 +0.5
8 125 76 -49 60 38 -22 0.8 1.1 +0.3
9 110 59 -51 96 36 -60 0.9 1.5 +0.6
10 93 71 -22 67 61 -6 0.7 0.8 +0.1
11 105 - - 75 56 -19 1.0 1.0 0.0

117 ± 10 68 ± 6 -56 ± 17 86 ± 9 52 ± 5 -34 t 9 0.9 t 0.1 1.3 t 0.1 +0.3 t 0.2
P < 0.05 P < 0.02 NS

a Cl,,, Inulin clearance.
bMean ± standard error of mean.
c NS, Not significant.
d Probability (P) value for differences in GFR during A therapy as compared with pretreatment base-line values.
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TABLE 3. Changes in tubular function during A therapy

Pitressin test (Uo,.m [mosm/kgl) NH4Cl load (urinary [H+i x 10-7 eq [pH])
Group

Base Target A Base Target A

Controls 674 + 110' 445 ± 50 -229 ± 80,6 55 ± 20 (5.3) 41 + 18 (5.4) -14 ± 26, NSd
(n = 5) P < 0.10O

Mannitol 649 ± 118 516 ± 34 -132 ± 108, NS 64 + 14 (5.2) 46 + 16 (5.3) -17 ± 17, NS
(n = 6)

a Omits patient no. 4.
b Mean ± standard error of mean.
c Probability (P) value for differences in tubular function during A therapy as compared with pretreatment base-line

values.
d NS, Not significant.
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FIG. 2. Change in urine concentration ability (pi-
tressin test) at a cumulativeA dosage of25 mg/kg.

field) was scored as 3+ and internediate calcifi-
cation as 2+ (Table 5).

In varying degrees tubular calcification was
observed in all but one patient (no. 4) and
tended to be worse in the M group. There was,
however, no correlation between tubular calci-
fication and changes in glomerular and tubular
function. There was no evidence of coagulation
necrosis in the tubular lining cells, and there
appeared to be no significant difference in the
tubular cell cytoplasmic vacuolization between
the M and C group.
A striking vacuolization in the media of

small arterial and arteriolar profiles was seen
in all biopsies (Fig. 4). The vacuolization was
focal even in the most extensively affected bi-
opsy specimens. Because of this, and the vary-
ing amounts of renal tissue sampled from case

Base Target Base

c
0

or

x0

Ta rget

.

O .

FIG. 3. Change in urinary acidification ability at
a cumulative A dosage of25 mglkg as determined by
the short NH4Cl loading test. Points falling within
shaded area are below the normal range. Patient no.
4 excluded from figure.

to case, qualitative assessment was necessarily
arbitrary. Larger and frequently encountered
lesions in small arteries and arterioles with
relatively few uninvolved profiles were classed
as 3+ (Table 5). Small vacuoles found in only
an occasional vessel were classified as 1+ sever-
ity. Assessment of the severity of vacuolization
was made "blindly" on two occasions by the
same observer with good agreement.
There was no relationship between the de-

gree of vacuolization and the arterial and arter-
iolar sclerotic changes. In ultramicroscopic
studies of more severely involved biopsies, vac-
uoles were both more numerous as well as
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TABLE 4. Mean change of renal function in 11 patients during A therapy

Renal function ClO, (ml/min per 1.73 CcO (ml/min per Cr (mg/100 ml) Pitressin test NH4Cl load ([H+
m2)a 1.73 inl) (mosm/kg) X 10-7 eq)

GFR -48 + 13.5b -35 ± 7.4 0.4 + 0.13
P < 0.01C P < 0.001 P < 0.02

Tubular func- -171 + 70 -16 + 6
tion P < 0.05 P < 0.05

a Cln, Inulin clearance.
b Mean + standard error of mean.
c Probability (P) values for differences in renal function during therapy as compared with pretreatment

base-line values.

TABLE 5. Histological changes in renal biopsy
specimens

Patient Tubular Medial Arterio-Group no. calcifica- vacuoli- sclerotic
tion zation changes

Control 1 2+ 1+ 0
Control 2 2+ 1+ 2+
Control 3 1+ 2+ 3+
Control 4 0 2+ 3+
Control 5 2+ 1+ 2+
Mannitol 6 3+ 3+ 2+
Mannitol 7 3+ 2+ NIP
Mannitol 9 2+ 2+ 2+
Mannitol 10 2+ 3+ 2+
Mannitol 11 3+ 3+ 2+

a ND, Not determined. Larger arteries were not
sampled.

larger, sometimes displacing the nucleus of the
smooth muscle cells (Fig. 4B). Vacuoles ap-
peared to evolve by fusion ofdilated smooth and
rough endoplasmic reticulum; in one instance,
invaginating pinocytic vesicle formations sug-
gested continuity with the peripheral plasma
membrane ofa medial cell. Vacuoles were more
striking in arterioles than in the arteries, and
occasionally they were seen in afferent arteri-
oles. In general, changes were more marked in
the M group (Table 5). To our knowledge, these
changes have not been previously described as
a consequence ofA therapy.
Serum levels and urinary excretion of A.

The peak and valley levels and urinary excre-
tion of A were remarkably uniform for each
patient during the course oftherapy. Mean val-
ues for the C and M group are listed in Table 6
where it can be seen that there was no signifi-
cant difference between the peak and valley
levels of A measured in either group. Further-
more, there was no significant difference in the
urinary excretion ofA between the C and the M
group, although excretion was slightly higher
in the latter group.

DISCUSSION
Under conditions of this study, M in a dosage

of 1 g/kg of body weight did not prevent the

functional and histological manifestations ofA
nephrotoxicity. There was a significant and at
least as great a fall in inulin and creatinine
clearance within the M-treated group as in con-
trols. Likewise, there was at least as much
alteration of tubular function in the group
treated with M as in the C group. Further, a
newly recognized abnormality in the media of
small arteries and arterioles appeared more se-
vere in the M group.
A produces renal impairment by two sub-

stantially independent mechanisms. Firstly, an
acute reduction in renal blood flow and GFR
has been observed in man (2, 4, 5, 24), dogs (6),
and rats (11). Infusion of the drug into the renal
artery of a dog is associated with radiologi-
cally demonstrable intense vasoconstriction of
small intrarenal blood vessels and cortical is-
chemia (6). Secondly, specific impairment of
distal nephron functions, such as impaired con-
centrating ability (13), and distal renal tubular
acidosis (4, 17), has been attributed to effects of
the drug on tubular cell membranes; A inter-
acts with membrane-bound sterols (1) to in-
crease passive permeability to sodium, potas-
sium, hydrogen ion, water, and low-molecular-
weight solutes such as urea (1, 15, 23). In toad
bladder studies, A increases membrane perme-
ability only on the mucosal side of the mem-
brane (15). Such effects on tubular cell mem-
branes could explain potassium wasting and
the inability to maintain a hydrogen ion and an
osmotic gradient in the distal nephron.
Mannitol has both renal vasodilatory and

"tubular flushing' effects (16) which might
have been expected to influence favorably both
of the nephrotoxic mechanisms associated with
A therapy. In rats during renal hypoperfusion
induced by aortic clamping (19), and after 2 h of
complete obstruction of the renal artery (8), M
can maintain glomerular filtration and urinary
flow when infusion of saline cannot. There is
also evidence in dogs of the ability of M to
reduce renal vascular resistance in similar cir-
cumstances (7, 10). M increases medullary
blood flow and reduces medullary hyperosmo-
lality (9) and thus may diminish the levels ofA
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FIG. 4. (A) Histological section of renal biopsy showing several vacuoles within the media ofan arteriole.
Epon-embedded, 1-,m section, using toluidine blue stain. x160. (B) Electron micrograph of smooth muscle
cell in the media ofa renal arteriole. A large vacuole is situated centrally within the cell, near the nucleus (N).
Membranes of the dilated rough endoplasmic reticulum (arrow) tend to break and form irregular membrane
profiles (MP) suspended in the vacuolar lumen. x9,500.

in the vasa recta and, possibly, in the medul-
lary interstitium itself. The osmotic diuresis
induced by M infusion might be expected both
to dilute A concentrations in the distal tubular
lumina and to decrease luminal membrane con-

tact time, especially if M also increased the
GFR.

Despite the attractiveness of these hypotheti-
cally protective mechanisms and the previously
reported protective effect in dogs (12), this con-
trolled study has failed to confirm a beneficial
effect ofM. It is, of course, possible that a larger
dose might have been protective, but the dose
used (1 g/kg) was approximately twice that
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TABLE 6. Mean peak and valley serum levels and urinary excretion ofA

Serum levels
Group No. of pa- No. of Urinary excretion

tients samples Peak (,ug/ml) Valley (Ag/ml) (mg/24 h)

Control 5 53 1.47 + 0.05 0.36 + 0.01 2.06 + 0.27
Mannitol 6 58 1.60 ± 0.05a 0.42 ± 0.03a 2.20 ± 0.21a

a Differences from control values are not statistically significant.

used in the dog study (12) and in a report on the
use ofM in four patients (20). Further increase
in M dosage might be hazardous for two rea-
sons. Retention of M in the presence of a re-
duced GFR would tend to expand the extracel-
lular fluid and cause hyponatremia; alterna-
tively, osmotic diuresis may cause obligatory
losses of sodium, water, and potassium which
may be especially hazardous in patients receiv-
ing A. In addition, the histological and electron
microscopic studies of renal biopsies from our
patients suggest that a medial vacuolar lesion
of arterioles and arteries may be more marked
in patients receiving both A and M.
The vacuoles within renal vasculature ap-

pear to be made up of periodic acid Schiff stain-
negative electron-lucent material which con-
tains protoplasmic sap and some of the cyto-
plasmic organelles in varying stages of degen-
eration (Bhathena, D., W. E. Bullock, C. E.
Nuttall, and R. G. Luke, submitted for publica-
tion). Continuity of vacuoles with the external
cell membrane was suggested on electron mi-
croscopic study of at least one biopsy. It seems
likely that these vacuoles are related to the in-
crease in solute permeability of plasma mem-
branes produced by A or to the intense renal
vasoconstriction associated with administration
of this drug or a combination of these effects.
Whereas changes in membrane permeability
appear to result from interactions of A with
membrane-bound sterols to form pores (1),
there is as yet no satisfactory explanation for
the mechanism of vasoconstriction induced by
A.
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